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PREFACE 


This book is intended to help the reader begin with a specific chief 
complaint that may be seen in many different disease entities. It is 
arranged in chapters that cover specific symptoms mirroring clinical 
practice. Patients do not usually present with a chief complaint of 
cystic fibrosis; rather, they may present with a cough, respiratory dis- 
tress, or chronic diarrhea. 

With a user-friendly, well-tabulated, illustrated approach, this text 
will help the reader differentiate between the many disease states 
causing a common symptom. The inclusion of many original tables 
and figures should help the reader identify distinguishing features of 
diseases and work through a diagnostic approach to the symptom. 
Modified and borrowed artwork and tables from other outstanding 
current sources have been added as well. The combination of all of 
these illustrations and tables with diagnostic clues within the text will 


help provide a quick visual guide to the differential diagnosis of the 
various diseases under discussion. The diagnostic approach includes 
standard laboratory and radiologic testing, as well as advanced imaging 
studies and genetic-based analysis. 

We appreciate the hard work of our contributing authors. Writing 
a chapter in this type of format is quite different from writing in the 
format of a disease-based book. In addition, we thank Kate Dimock 
and Jennifer Ehlers of Elsevier, whose patience and expertise contrib- 
uted to the publication of this book. We are all also greatly appreciative 
of Carolyn Redman at the Medical College of Wisconsin Department 
of Pediatrics, whose editorial assistance and organization have made 
this new edition a reality. Finally, we are ever grateful for the under- 
standing and patience of Diane Basel, Jessica Bordini, Ryan Festerling, 
Sharon Kliegman, and Dale Lye in supporting this work. 


SECTION 1 


Respiratory Disorders 


Most causes of sore throat are nonbacterial and neither require nor are 
alleviated by antibiotic therapy (Tables 1.1, 1.2, and 1.3). Accurate 
diagnosis is essential: Acute streptococcal pharyngitis warrants diag- 
nosis and therapy to ensure prevention of serious suppurative and 
nonsuppurative complications. Life-threatening infectious complica- 
tions of oropharyngeal infections, whether streptococcal or nonstrep- 
tococcal, may manifest with mouth pain, pharyngitis, parapharyngeal 
space infectious extension, and/or airway obstruction (Tables 1.4 and 
1.5). In many cases, the history and/or physical exam can help direct 
diagnosis and treatment, but the enormous number of potential causes 
is too large to address all of them. 


VIRAL PHARYNGITIS 


Most episodes of pharyngitis are caused by viruses (see Tables 1.2 and 
1.3). It is difficult to clinically distinguish between viral and bacterial 
pharyngitis with a very high degree of precision, but certain clues may 
help the physician. Accompanying symptoms of conjunctivitis, rhini- 
tis, cough, discrete ulcerations, croup, or laryngitis are common with 
viral infection but rare in bacterial pharyngitis. 

Many viral agents can produce pharyngitis (see Tables 1.2 and 1.3). 
Some cause distinct clinical syndromes that are readily diagnosed 
without laboratory testing (Table 1.6; see also Tables 1.1 and 1.4). In 
pharyngitis caused by parainfluenza and influenza viruses, rhinovi- 
ruses, coronaviruses, and respiratory syncytial virus (RSV), the symp- 
toms of coryza and cough often overshadow sore throat, which is 
generally mild. Influenza virus may cause high fever, cough, headache, 
malaise, myalgia, and cervical adenopathy in addition to pharyngitis. 
In young children, croup or bronchiolitis may develop. When influenza 
is suspected on clinical and epidemiologic grounds or confirmed by 
testing (polymerase chain reaction [PCR] is most accurate), specific 
antiviral therapy is available for treatment of patients and prophylaxis 
of family members. RSV is associated with bronchiolitis, pneumonia, 
and croup in young children. RSV infection in older children is usually 
indistinguishable from a simple upper respiratory tract infection. 
Pharyngitis is not a prominent finding of RSV infection in any age 
group. Parainfluenza viruses are associated with croup and bronchiol- 
itis; minor sore throat and signs of pharyngitis are common at the 
outset but rapidly resolve. Infections caused by parainfluenza, influ- 
enza, and RSV are often seen in seasonal (winter) epidemics. Many 
agents can be identified using multiplex or targeted PCR testing, but there 
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is rarely reason to test outpatients and infrequent benefit to testing inpa- 
tients except to confirm and treat influenza. 

Adenoviruses can cause upper and lower respiratory tract disease, 
ranging from ordinary colds to severe pneumonia and multisystem 
disease, including hepatitis, myocarditis, and myositis. The incubation 
period of adenovirus infection is 2-4 days. Upper respiratory tract 
infection typically produces fever, erythema of the pharynx, and fol- 
licular hyperplasia of the tonsils, together with exudate. Enlargement 
of the cervical lymph nodes occurs frequently. When conjunctivitis 
occurs in association with adenoviral pharyngitis, the resulting syn- 
drome is called pharyngoconjunctival fever. Pharyngitis may last as 
long as 7 days and does not respond to antibiotics. There are many 
adenovirus serotypes; adenovirus infections may therefore develop in 
children more than once. Laboratory studies may reveal a leukocytosis 
and an elevated erythrocyte sedimentation rate. Adenovirus outbreaks 
have been associated with swimming pools and contamination in 
health care workers. 

The enteroviruses (coxsackievirus and echovirus) can cause sore 
throat, especially in the summer. High fever is common, and the throat 
is erythematous but usually not bright red; tonsillar exudate and cervi- 
cal adenopathy are unusual. Symptoms resolve within a few days. 
Enteroviruses can also cause meningitis, myocarditis, rash, and two 
specific syndromes that involve the oropharynx. 

Herpangina is characterized by distinctive discrete, painful, gray- 
white papulovesicular lesions distributed over the posterior orophar- 
ynx (see Table 1.6). The vesicles are 1-2 mm in diameter and are 
initially surrounded by a halo of erythema before they ulcerate. Fever 
may reach 39.5°C. The illness is due to enteroviruses and generally lasts 
less than 7 days, but severe pain may impair fluid intake and occasion- 
ally necessitates medical support. 

Hand-foot-mouth disease is caused by coxsackievirus A16. Painful 
vesicles that ulcerate can occur throughout the oropharynx. Vesicles 
also develop on the palms, soles, and, less often, on the trunk or 
extremities. Fever is present in most cases, but many children do not 
appear seriously ill. This disease lasts less than 7 days. 

Primary infection caused by herpes simplex virus (HSV) usually 
produces high fever with acute gingivostomatitis, involving vesicles 
(which become ulcers) throughout the anterior portion of the mouth, 
including the lips. There is sparing of the posterior pharynx in herpes 
gingivostomatitis; the infection usually occurs in young children. 
High fever is common, pain is intense, and intake of oral fluids is 
often impaired, which may lead to dehydration. In addition, HSV may 
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CHAPTER 1 Sore Throat 


(See Nelson Textbook of Pediatrics, p. 2019) 


SECTION 1 Respiratory Disorders 


TABLE 1.1 


Infection 

Bacterial (see Tables 1.2, 1.3) 

Viral (see Tables 1.2, 1.3) 

Fungal (see Table 1.3) 

Neutropenic mucositis (invasive anaerobic mouth flora) 
Tonsillitis 

Epiglottitis 

Uvulitis 

Peritonsillar abscess (quinsy) 

Retropharyngeal abscess (prevertebral space) 

Ludwig angina (submandibular space) 

Lateral pharyngeal space cellulitis-abscess 

Buccal space cellulitis 

Suppurative thyroiditis 

Lemierre syndrome (septic jugular thrombophlebitis) 
Vincent angina (mixed anaerobic bacteria—gingivitis—pharyngitis) 


Etiology of Sore Throat 


Irritation 
Cigarette smoking 
Inhaled irritants 
Reflux esophagitis 


Chemical toxins (caustic agents) 
Paraquat ingestion 

smog 

Dry hot air 

Hot foods, liquids 


Other 

Tumor, including Kaposi sarcoma, leukemia 

Granulomatosis with polyangiltis (formerly Wegener granulomatosis) 

Sarcoidosis 

Glossopharyngeal neuralgia 

Foreign body 

stylohyoid syndrome 

Behcet disease 

Kawasaki syndrome 

Posterior pharyngeal trauma—pseudodiverticulum 

Pneumomediastinum with air dissection 

Hematoma 

systemic lupus erythematosus 

Bullous pemphigoid 

syndrome of periodic fever, aphthous stomatitis, pharyngitis, cervical 
adenitis (PFAPA) 


manifest as pharyngitis in adolescents. Approximately 35% of new- 
onset HSV-positive adolescent patients have herpetic lesions; most 
teenage patients with HSV pharyngitis cannot be distinguished from 
patients with other causes of pharyngitis. The classic syndrome of 
herpetic gingivostomatitis in infants and toddlers lasts up to 2 weeks; 
data on the course of more benign HSV pharyngitis are lacking. The 
differential diagnosis of vesicular-ulcerating oral lesions is noted in 
Table 1.6. 

A common cause of a local and large lesion of unknown etiology 
is aphthous stomatitis (Fig. 1.1). PFAPA (periodic fever, aphthous 
stomatitis, pharyngitis, and cervical adenitis) is an idiopathic periodic 
fever syndrome that occurs predictably every 2-8 weeks. The onset of 
PFAPA is usually before the age of 5 years. In addition to aphthous 
stomatitis and pharyngitis, PFAPA is characterized by high fever lasting 
4-6 days. Individual episodes resolve spontaneously but may respond 


TABLE 1.2 Infectious Etiology 


of Pharyngitis 


Definite Causes 

Streptococcus pyogenes (Group A streptococci) 
Corynebacterium diphtheriae 
Arcanobacterium haemolyticum 
Neisseria gonorrhoeae 

Epstein-Barr virus 

Parainfluenza viruses (types 1—4) 
Influenza viruses 

Rhinoviruses 

Coronavirus 

Adenovirus (types 3, 4, 7, 14, 21, others) 
Respiratory syncytial virus 

Herpes simplex virus (types 1, 2) 


Probable or Occasional Causes 
Group C streptococci 

Group G streptococci 

Chlamydia pneumoniae 

Chlamydia trachomatis 

Mycoplasma pneumoniae 


TABLE 1.3 Additional Potential Pathogens 
Associated with Sore Throat 


Bacteria 

Fusobacterium necrophorum (Lemierre syndrome) 
Neisseria meningitidis 
Yersinia enterocolitica 
Tularemia (oropharyngeal) 
Yersinia pestis 

Bacillus anthracis 
Chlamydia psittaci 
secondary syphilis 
Mycobacterium tuberculosis 
Lyme disease 
Corynebacterium ulcerans 
Leptospira species 
Mycoplasma hominis 


Virus 

Coxsackievirus A, B 

Cytomegalovirus 

Viral hemorrhagic fevers 

Human immunodeficiency virus (HIV) (primary infection) 
Human herpesvirus 6 

Measles 

Varicella 

Rubella 


Fungus 
Candida species 
Histoplasmosis 
Cryptococcosis 
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SECTION 1 Respiratory Disorders 


TABLE 1.5 Red Flags Associated with 
Sore Throat 


Toxic appearance 

shock 

Fever >2 wk 

Duration of sore throat >2 wk 

Trismus 

Drooling 

Cyanosis 

Hemorrhage 

Asymmetric tonsillar swelling or asymmetric cervical adenopathy 
Respiratory distress (airway obstruction or pneumonia) 

Suspicion of parapharyngeal space infection 

Suspicion of diphtheria (bull neck, uvula paralysis, thick membrane) 
Apnea 

severe, unremitting pain 

“Hot potato” voice 

Chest or neck pain 

Weight loss 


FIGURE 1.1 Aphthous stomatitis (“canker sore”). (From Reilly BM. 
Sore throat. In: Practical Strategies in Outpatient Medicine. 2nd ed. 
Philadelphia: WB Saunders; 1991.) 


to oral prednisone or cimetidine. There are reports of improvement 
after tonsillectomy. In most patients PFAPA completely resolves before 
puberty without sequelae. The diagnosis is based on clinical criteria 
after excluding cyclic neutropenia, other periodic fever syndromes, 
infections, and malignancy. 

Infants and toddlers with measles often have prominent oral find- 
ings early in the course of the disease. In addition to high fever, cough, 


coryza, and conjunctivitis, the pharynx may be intensely and diffusely 
erythematous, without tonsillar enlargement or exudate. The presence 
of Koplik spots, the pathognomonic white or blue-white enanthem of 
measles, on the buccal mucosa near the mandibular molars provides 
the evidence of the correct diagnosis before the rash develops. Measles 
can be complicated by pneumonia and encephalitis. In the United 
States, widespread use of the measles vaccine has virtually eliminated 
transmission of natural measles infection except among unvaccinated 
subpopulations (children <12 months old, families who have refused 
immunization). Most cases are imported by unimmunized visitors 
from countries with endemic measles. 


INFECTIOUS MONONUCLEOSIS 
® Pathogenesis 


Acute exudative pharyngitis commonly occurs with infectious mono- 
nucleosis caused by primary infection with the Epstein-Barr virus 
(EBV). Mononucleosis is a febrile, systemic, self-limited lymphopro- 
liferative disorder that is usually associated with hepatosplenomegaly 
and generalized lymphadenopathy. Acute pharyngitis may be mild 
or severe, with significant tonsillar hypertrophy (possibly producing 
airway obstruction), erythema, and impressive tonsillar exudates. 
Regional lymph nodes may be particularly enlarged and slightly tender. 
Infectious mononucleosis usually occurs in adolescents and young 
adults; EBV infection is generally milder or subclinical in preado- 
lescent children. In U.S. high school and college students, attack rates 
are 200-800 per 100,000 per year. EBV is transmitted primarily by 
saliva. 


® Clinical Features 


After a 2-4 week incubation period, patients with infectious mono- 
nucleosis usually experience an abrupt onset of malaise, fatigue, fever, 
and headache, followed closely by pharyngitis. The tonsils are enlarged 
with exudates and cervical adenopathy. More generalized adenopathy 
with hepatosplenomegaly often follows. Fever and pharyngitis typi- 
cally last 1-3 weeks, and lymphadenopathy and hepatosplenomegaly 
resolve over 3-6 weeks. Malaise and lethargy can persist for several 
months and can affect school or work performance. 


® Diagnosis 

Laboratory studies of diagnostic value include atypical lymphocytosis; 
these lymphocytes are primarily EBVspecific, cytotoxic T lymphocytes 
that represent a reactive response to EBV-infected B lymphocytes. A 
modest elevation of serum transaminase levels, reflecting EBV hepati- 
tis, is common. Tests useful for diagnosis include detection of hetero- 
phile antibodies that react with bovine erythrocytes (most often 
detected by the monospot test) and a specific antibody against EBV 
viral capsid antigen (VCA), early antigen (EA), and nuclear antigen 
(EBNA). Acute infectious mononucleosis is usually associated with 
a positive heterophile test result and antibody to VCA and EA 
(Fig. 1.2). 

The findings of acute exudative pharyngitis together with hepato- 
megaly, splenomegaly, and generalized lymphadenopathy suggest 
infectious mononucleosis. Early in the disease and in cases without 
liver or spleen enlargement, differentiation from other causes of phar- 
yngitis, including streptococcal pharyngitis, is difficult. Indeed, a small 
number of patients with infectious mononucleosis have a throat 
culture positive for group A streptococci. (They are likely streptococcal 
carriers; see subsequent text.) An indistinguishable syndrome can 
occur with cytomegalovirus, but differentiation is rarely of clinical 
importance. Serologic evidence of mononucleosis should be sought 
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SECTION 1 


Respiratory Disorders 
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FIGURE 1.2 Schematic representation of the evolution of antibodies to various Epstein-Barr virus antigens 
in patients with infectious mononucleosis. The titers are geometric mean values expressed as reciprocals 
of the serum dilution. The minimal titer tested for viral capsid antigen (VCA) and early antigen antibodies 
was 1:10; for Epstein-Barr nuclear antigen, it was 1:2.5. The immunoglobulin (Ig)/M response to capsid 
antigen was divided because of the significant differences noted according to age. (From Jenson HB, Ench 
Y, Sumaya CV. Epstein-Barr virus. In: Rose NR, de Macario EC, Folds JD, et al, editors. Manual of Clinical 
Laboratory Immunology. 5th ed. Washington, DC: American Society for Microbiology; 1997. p. 634-43.) 


when splenomegaly or other features are present or if symptoms persist 
longer than expected. 

Primary infection with human immunodeficiency virus (HIV) 
may produce a mononucleosis-like illness with sore throat, fever, 
lymphadenopathy, rash, myalgias, and hepatosplenomegaly. Early 
infection may be detected by viral RNA or DNA load because immu- 
noglobulin (Ig)M or IgG titers may have not yet developed. 


GROUP A STREPTOCOCCAL INFECTION 


In the evaluation of a patient with sore throat, the primary concern 
in the United States is usually accurate diagnosis and treatment of 
pharyngitis caused by group A streptococci (GAS) or Streptococcus 
pyogenes, which accounts for about 15% of all episodes of pharyngitis. 
The sequelae of GAS pharyngitis, especially acute rheumatic fever 
(ARF) and acute glomerulonephritis (AGN), at one time resulted in 
considerable morbidity and mortality in the United States and con- 
tinue to do so in other parts of the world. Prevention of ARF in par- 
ticular depends on timely diagnosis of streptococcal pharyngitis and 
prompt antibiotic treatment. Group A streptococci are characterized 
by the presence of group A carbohydrate in the cell wall, and they are 
further distinguished by several cell wall protein antigens (M, R, T). 
These protein antigens, especially the M protein, a virulence factor, are 
useful for studies of epidemiology and pathogenesis but are not used 
in clinical care. 


® Epidemiology 

GAS pharyngitis is endemic in the United States; epidemics occur 
sporadically. Episodes peak in the late winter and early spring. Rates 
of GAS pharyngitis are highest among children aged 5-11 years old. 


Spread of GAS in classrooms and among family members is common, 
especially in the presence of crowded living conditions. Transmission 
occurs primarily by the inhalation of organisms in large droplets or by 
direct contact with respiratory secretions. Pets do not appear to be a 
frequent reservoir. Untreated streptococcal pharyngitis is particularly 
contagious early in the acute illness and for the first 2 weeks after the 
organism has been acquired, but antibiotic therapy effectively prevents 
disease transmission. Within 24 hours of institution of therapy with 
penicillin, it is difficult to isolate GAS from patients with acute strep- 
tococcal pharyngitis, and infected children can return to school. 

Molecular epidemiology studies of streptococcal pharyngitis have 
shown that the prevalent M protein types vary among communities 
and over time. Numerous distinct strains of GAS can circulate simul- 
taneously in a community during the peak season. GAS M proteins 
can be identified in research studies by using PCR to establish the 
specific M protein gene (emm gene); M protein identification is not 
available for use in clinical care. Children with streptococcal pharyn- 
gitis can serve as a local reservoir for strains that cause invasive disease 
(e.g., Sepsis, streptococcal toxic shock syndrome, cellulitis, necrotizing 
fasciitis) in the same geographic area and season. 


$ Clinical Features 


The classic patient presentation of acute streptococcal pharyngitis 
involves a sudden onset of fever and sore throat. Headache, malaise, 
abdominal pain, nausea, and vomiting occur frequently. Cough, rhinor- 
rhea, conjunctivitis, stridor, diarrhea, discrete ulcerated lesions, and 
hoarseness are distinctly unusual and suggest a viral etiology. 
Examination of the patient reveals marked pharyngeal erythema. 
Petechiae may be noted on the palate, but they can also occur in viral 
pharyngitis, especially mononucleosis. Tonsils are enlarged, symmet- 
ric, and red, with patchy exudates on their surfaces. The papillae of the 
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tongue may be red and swollen, hence the designation “strawberry 
tongue.” Anterior cervical lymph nodes are often tender and enlarged. 
Combinations of these signs can be used to assist in diagnosis; in 
particular, tonsillar exudates in association with fever, palatal pete- 
chiae, and tender anterior cervical adenitis strongly suggest infection 
with GAS. However, other diseases can produce this constellation of 
findings, including infectious mononucleosis. Some or all of these 
classic characteristics may be absent in patients with streptococcal 
pharyngitis. Symptoms usually resolve within 5 days even in the 
absence of antibiotic therapy. Younger children can have a syndrome 
called streptococcosis—coryza with crusting below the nares, more 
generalized adenopathy, and a more chronic course. When rash accom- 
panies the illness, accurate clinical diagnosis is easier. Scarlet fever, 
so-called because of the characteristic fine, diffuse red rash, is essen- 
tially pathognomonic for infection with group A streptococci. Scarlet 
fever is rarely seen in children younger than 3 years old or in adults. 


Scarlet Fever 


The rash of scarlet fever is caused by infection with a strain of GAS 
that contains a bacteriophage encoding for production of an erythro- 
genic (redness producing) toxin, usually erythrogenic (also called 
pyrogenic) exotoxin A (designated SPE A). Scarlet fever is simply GAS 
pharyngitis with a rash and should be explained as such to patients 
and their families. Although patients with the streptococcal toxic shock 
syndrome are also infected with GAS that produces SPE A, most GAS 
pharyngeal infections are not associated with development of severe 
invasive or systemic disease. 

The rash of scarlet fever has a texture like sandpaper and blanches 
with pressure. It usually begins on the face, but after 24 hours, it 
becomes generalized. The face is red, especially over the cheeks, and 


CHAPTER 1 Sore Throat 


the area around the mouth often appears pale in comparison, giving 
the appearance of circumoral pallor. Accentuation of erythema occurs 
in flexor skin creases, especially in the antecubital fossae (Pastia lines). 
The erythema begins to fade within a few days. Desquamation begins 
within a week of onset on the face and progresses downward, often 
resembling that seen after mild sunburn. On occasion, sheet-like des- 
quamation occurs around the free margins of the fingernails; this is 
usually coarser than the desquamation seen with Kawasaki disease. The 
differential diagnosis of scarlet fever includes Kawasaki disease, 
measles, and staphylococcal toxic shock syndrome (Table 1.7). 


® Diagnosis 

Although signs and symptoms may strongly suggest acute streptococ- 
cal pharyngitis, laboratory diagnosis is strongly recommended, even 
for patients with scarlet fever (Fig. 1.3). Scoring systems for diagnosing 
acute GAS pharyngitis on clinical grounds have not proved very satis- 
factory. Using clinical criteria alone, physicians overestimate the likeli- 
hood that patients have streptococcal infection. The throat culture on 
blood agar plate has traditionally been used to diagnose streptococcal 
pharyngitis. Plating a swab of the posterior pharynx and tonsils on 
sheep blood agar, identifying B-hemolytic colonies, and testing them 
for the presence of sensitivity to a bacitracin-impregnated disk has 
long been the “gold standard” diagnostic test, but it takes 24-48 hours 
to obtain results. Rapid antigen detection tests (RADTs) that take less 
than 15 minutes can detect the presence of the cell wall group A car- 
bohydrate antigen after acid extraction of organisms obtained by 
throat swab. RADTs are highly specific (generally >95%) when com- 
pared to throat culture. In comparison to hospital or reference labora- 
tory throat culture results, the sensitivities of these tests are generally 
75-85% and can be lower. The low sensitivity of these tests, coupled 


TABLE 1.7 Differential Diagnosis of Scarlet Fever 


Scarlet Fever Kawasaki Disease 


Agent Group A streptococci Unknown 
All (peak, 5-15 yr) 


Prodrome No No 


Age range Usually <5 yr 


Enanthem No 
Mouth 


Occasionally 

Strawberry tongue, 
exudative pharyngitis, 
palatal petechiae 


Erythema; red, cracked lips, 
strawberry tongue 


Fine, red, “sandpaper,” 
membranous 
desquamation, 
circumoral pallor, 
Pastia lines 


Variable polymorphic; 
erythematous face, trunk, 
and diaper area; tips of 
fingers and toes 
desquamate 

10-28 days after onset 


Cervical adenitis, Coronary artery disease; 

gallbladder hydrops, fever >5 days; 

fever conjunctival (nonpurulent) 
injection; tender, swollen 
hands and feet; cervical 
adenopathy (size 
>1.5 cm); thrombocytosis; 

pyuria (sterile); gallbladder 

hydrops 


Measles 
Measles virus 
<2 yr, 10-20 yr 


Fever, coryza, cough, 


conjunctivitis 
Koplik spots 
Diffusely red, no 

cracked lips 


Maculopapular; 
progressing from 
forehead to feet; 
may desquamate 


“Toxic” appearance; 
dehydration; 
encephalitis, 
pneumonia; fever 


Staphylococcal 
Toxic Shock 
Syndrome 


Staphylococcus aureus 
All (especially >10 yr) 
Usually no 


No 
Usually normal 


Diffuse erythroderma; 
desquamates 


Shock (hypotension, 
including orthostatic); 
encephalopathy; 
diarrhea; headache 


Staphylococcal 
Scalded Skin 
Syndrome 


Š. aureus 
Usually <5 yr 
No 


Limited 
Erythema 


Erythema, painful bullous 
lesions; positive 
Nikolsky sign; 
desquamates 


Fever, cracked lips; 
conjunctivitis 
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Signs and Symptoms Compatible with GAS 


Viral 
pharyngitis 

Symptomatic 
therapy 

(No antibiotics) 


Scarlet fever? 


GAS pharyngitis FD test 


Confirm with rapid test, 


throat culture, or 
molecular test; treat 
with antibiotics 


Throat culture 
or 
Molecular test 


Not GAS : = GAS 
a Negative Positive 
pharyngitis | Positive pharyngitis 
Viral pharyngitis ua pean 
ibi 
GAS 
pharyngitis 


Symptomatic therapy 
(No antibiotics) 


Sore throat persists 
>7 days? 


1) Repeat testing for GAS 


2) Mono test 


Viral pharyngitis 


Symptomatic therapy 
(No antibiotics) 


Viral pharyngitis 
No antibiotics 


FIGURE 1.3 Management of patients with sore throat. GAS, group A 
streptococci. 


with their excellent specificity, has led to the recommendation that two 
throat swabs be obtained simultaneously from patients with suspected 
GAS pharyngitis. One swab is used for a rapid test. When the RADT 
result is positive, it is highly likely that the patient has GAS pharyngitis, 
and the extra swab can be discarded. When the RADT is negative, GAS 
may nonetheless be present; thus, the extra swab should be processed 
for culture. The sensitivity of rapid tests can be improved by restricting 
testing to patients most likely to have acute GAS pharyngitis and avoid- 
ing testing patients more likely to have viral pharyngitis. This takes 
advantage of the spectrum effect (or spectrum bias) associated with 
many clinical tests including RADTs and throat cultures; the pretest 
probability of having the disease affects test results. One of the best 
validated scoring systems for children was developed by Mclsaac, et al. 
Patients with greater likelihood of GAS infection tend to have more 
Mclsaac criteria (fever, cervical adenopathy, tonsillar exudates, no 
cough, 3-15 years old), but the positive predictive value of the highest 
MclIsaac score is only about 60% (‘Table 1.8). In contrast, a score <2 is 


TABLE 1.8 Distribution of Mclsaac 

Scores in a Study of Pediatric Patients 

With Pharyngitis 

GAS Culture- 

Positive’ n (%) 

3 (7%) 

37 (19%) 
118 (20%) 
162 (29%) 
163 (45%) 
70 (62%) 


Number of 
Patients (%) 


42 (2%) 
200 (11%) 
576 (31%) 


Miclsaac Score 


365 (20%) 


0 
1 
2 
3 552 (30%) 
4 
5 113 (6%) 


*Mclsaac criteria: Fever (temperature >38°C), tender anterior cervical 
adenopathy, tonsillar swelling or exudates, absence of cough, and 
age <15 years. One point is awarded for each criterion. 

"Hospital laboratory throat culture result. 

GAS, group A streptococci. 

From Tanz RR, Gerber MA, Kabat W, et al. Performance of a rapid 
antigen detection test and throat culture in community pediatric 
offices: implications for management of pharyngitis. Pediatrics. 
2009;123:437-444. 


associated with a negative predictive value of about 80%. The presence 
of viral symptoms such as cough, rhinorrhea, conjunctivitis, laryngitis, 
stridor, croup, or diarrhea decreases the likelihood that the illness is 
due to GAS. Patients with a negative RADT result should not be treated 
before culture verification unless there is a particularly high suspicion 
of GAS infection (e.g., scarlet fever, peritonsillar abscess, or tonsillar 
exudates in addition to tender cervical adenopathy, palatal petechiae, 
fever, and recent exposure to a person with GAS pharyngitis). 

Molecular “PCR-like” tests for GAS are available for use in hospital 
and reference laboratories. Some are cleared by the Food and Drug 
Administration (FDA) for use in physician office laboratories, particu- 
larly those offices that are certified to perform CLIA-moderate tests. 
These simplified molecular tests use methods that amplify the DNA of 
a specific GAS gene. They take less than 1 hour to perform and are 
reported to have both sensitivity and specificity 299% when compared 
to standard throat culture and PCR. They can be used as a “stand- 
alone” test for GAS or as a confirmatory test when the RADT is nega- 
tive. There are three concerns with these molecular tests: (1) they are 
so sensitive it is likely they will identify more patients who are carriers 
than would ordinarily be identified by RADT and/or culture; (2) unless 
rigorous technique is followed they may be prone to contamination 
with exogenous GAS DNA from other swabs, a particular concern in 
physician offices when performed by staff who are not trained labora- 
tory technologists; and (3) they are much more expensive than throat 
culture, and their costs may not be covered by all insurance plans. 

Testing patients for serologic evidence of an antibody response to 
extracellular products of GAS is not useful for diagnosing acute phar- 
yngitis. Because it generally takes several weeks for antibody levels to 
rise, streptococcal antibody tests are valid only for determining past 
infection. Specific antibodies that are often measured in the appropri- 
ate clinical setting include antistreptolysin O (ASO), anti-DNase B, and 
antihyaluronidase (AHT). When antibody testing is desired in order to 
evaluate a possible poststreptococcal illness, more than one of these 
tests should be performed to improve sensitivity. 


$ Treatment 


Treatment begun within 9 days of the onset of GAS pharyngitis is 
effective in preventing acute rheumatic fever (ARF). Therapy does not 
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TABLE 1.9 Recommended Treatment Regimens for Acute Streptococcal Pharyngitis 


Dose/Route 

Standard Treatment 
Amoxicillin 50 mg/kg up to 1000 mg/Oral 
Penicillin V 
and adults)/Oral 


Benzathine penicillin G 600,000 U (weight <27 kg)/IM 


1.2 million U (weight =27 kg)/IM 


Oral Dose 


Treatment for Penicillin-Allergic Patients 
Clarithromycin 


Azithromycin’ 


on days 2-5 

Clindamycin 

900 mg/day 

Cephalosporins’ 
Cephalexin 
Cefadroxil 


250 mg (500 mg for adolescents 


15 mg/kg/day up to 500 mg/day 
12 mg/kg on day 1 then 6 mg/kg/d 


21 mg/kg/day 20 mg/kg/day up to 


40 mg/kg/day up to 1000 mg/day 
30 mg/kg/day up to 1000 mg/day 


Duration Frequency 


10 days Once daily 
10 days bid 


N/A Once 
N/A 


Duration Frequency 


10 days bid 


5 days Once daily 


10 days tid 


10 days bid 
10 days Once daily 


*Based on Infectious Diseases Society of America 2012 and AAP Red Book recommendations. 

"Maximum dose for children is 500 mg/day. Adult dosage: 500 mg the first day, 250 mg the subsequent 4 days. 

*First-generation cephalosporins (e.g., cephalexin and cefadroxil) are preferred but all cephalosporins are effective. Dosage and frequency vary 
among agents. Avoid use in patients with history of immediate (anaphylactic) hypersensitivity to penicillin or other B-lactam antibiotics. 


appear to affect the risk of acute poststreptococcal glomerulonephritis 
(AGN). Antibiotic therapy also reduces the incidence of suppurative 
sequelae of GAS pharyngitis, such as peritonsillar abscess and cervical 
adenitis. In addition, treatment produces a more rapid resolution of 
signs and symptoms and terminates contagiousness within 24 hours. 
For these reasons, antibiotics should be instituted as soon as the diag- 
nosis is supported by laboratory studies. 

There are numerous antibiotics available for treating streptococcal 
pharyngitis (Table 1.9). The drugs of choice are penicillin and amoxi- 
cillin. Despite the widespread use of penicillin to treat streptococcal 
and other infections for many decades, resistance of GAS to penicillin 
or any other B-lactam antibiotic has not developed. Amoxicillin has 
been demonstrated to be effective in eradicating GAS when given by 
mouth once daily for 10 days. The convenience of once-daily dosing 
and palatability make amoxicillin an attractive approach despite its 
somewhat broader spectrum of antimicrobial activity. Penicillin can 
be given by mouth twice daily for 10 days or intramuscularly as a single 
injection of benzathine penicillin. Intramuscular benzathine penicillin 
alleviates concerns about patient compliance. A less painful parenteral 
alternative is benzathine penicillin in combination with procaine peni- 
cillin. Intramuscular procaine penicillin alone is not effective for pre- 
vention of ARF because adequate levels of penicillin are not present in 
blood and tissues for a sufficient time. Other B-lactams, including 
semisynthetic derivatives of penicillin and the cephalosporins, are at 
least as effective as penicillin for treating streptococcal pharyngitis. The 
broader spectrum of the cephalosporins and their higher cost relegate 
them to second-line status. The decreased dosing frequency of amoxi- 
cillin and some cephalosporins may improve patient adherence. 

Patients who are allergic to penicillin can receive a cephalosporin 
if they have not had an immediate hypersensitivity reaction. Erythro- 
mycin or another non-B-lactam antibiotic, such as clarithromycin, 
azithromycin, or clindamycin, can be used. Resistance of GAS to mac- 
rolides has increased dramatically in many areas of the world where 
erythromycin has been widely used. Macrolide resistance also affects 
azithromycin and can affect clindamycin. Although this resistance has 


not yet emerged as a major problem in the United States, where the 
rate of macrolide resistance among GAS is generally 5-8%, there is 
much local variation. GAS resistance to clindamycin is in the range of 
1-2%. Of note, both macrolide and clindamycin resistance are more 
common in Canada than in the United States. Sulfa drugs (including 
sulfamethoxazole combined with trimethoprim), tetracyclines, and 
chloramphenicol should not be used for treatment of acute streptococ- 
cal pharyngitis because they do not eradicate GAS. 


Suppurative Complications 


Antibiotic therapy has greatly reduced the likelihood of developing 
suppurative complications caused by spread of GAS from the pharynx 
or middle ear to adjacent structures. Peritonsillar abscess (“quinsy”) 
manifests with fever, severe throat pain, dysphagia, “hot potato voice,’ 
pain referred to the ear, and bulging of the peritonsillar area with 
asymmetry of the tonsils and sometimes displacement of the uvula 
(Fig. 1.4; see also Table 1.4). There can be peritonsillar cellulitis without 
a well-defined abscess cavity. Trismus may be present. When an abscess 
is found clinically or by an imaging study such as a computed tomo- 
graphic (CT) scan, surgical drainage is indicated. Peritonsillar abscess 
occurs most commonly in older children and adolescents. 
Retropharyngeal abscess represents extension of an infection from 
the pharynx or peritonsillar region into the retropharyngeal (prever- 
tebral) space, which is rich in lymphoid structures (Figs. 1.5 and 1.6; 
see also Table 1.4). Children younger than 4 years old are most often 
affected. Fever, dysphagia, drooling, stridor, extension of the neck, and 
a mass in the posterior pharyngeal wall may be noted. Surgical drain- 
age is often required if frank suppuration has occurred. Spread of GAS 
via pharyngeal lymphatic vessels to regional nodes can cause cervical 
lymphadenitis. The markedly swollen and tender anterior cervical 
nodes that result can suppurate. Otitis media, mastoiditis, and sinusitis 
also may occur as complications of GAS pharyngitis. Additional para- 
pharyngeal suppurative infections that may mimic streptococcal 
disease are noted in Table 1.4. Furthermore, any pharyngeal infectious 
process may produce torticollis if there is inflammation that extends 
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FIGURE 1.4 Peritonsillar abscess (quinsy, sore throat). The left tonsil 
is asymmetrically inflamed and swollen; there is displacement of the 
uvula to the opposite side. The supratonsillar space (arrow) is also 
swollen; this is the usual site of the surgical incision for drainage. 
Prominent unilateral cervical adenopathy typically coexists. (From Reilly 
BM. Sore throat. In: Practical Strategies in Outpatient Medicine. 2nd 
ed. Philadelphia: WB Saunders; 1991.) 


to the paraspinal muscles and ligaments, producing pain, spasm, and, 
on occasion, rotary subluxation of the cervical spine. Oropharyngeal 
torticollis lasts less than 2 weeks and is not associated with abnormal 
neurologic signs or pain over the spinous process. Invasive sterile 
site or bacteremic infection with GAS is unusual as sequelae to 
pharyngitis. 


Nonsuppurative Sequelae 


Nonsuppurative complications include acute rheumatic fever (ARF), 
acute glomerulonephritis (AGN), and possibly reactive arthritis/ 
synovitis. In addition, an association between streptococcal infection 
and neuropsychiatric disorders such as tic disorder, obsessive- 
compulsive disorder, and Tourette syndrome has been postulated. This 
possible association has been called PANDAS (pediatric autoimmune 
neuropsychiatric disorders associated with streptococci). The termi- 
nology has been modified to “pediatric acute-onset neuropsychiatric 
syndrome” (PANS) or “childhood acute neuropsychiatric syndrome” 
(CANS), in recognition that the etiologic role of GAS and benefit from 
antibiotic treatment have been difficult to establish, and it is likely that 
infections other than GAS infection are associated with the develop- 
ment, recurrence, or exacerbation of neuropsychiatric symptoms. 
Therapy with an appropriate antibiotic within 9 days of onset of 
symptoms is highly effective in preventing ARF. Except in certain geo- 
graphic areas (e.g., Salt Lake City) and populations (e.g., Hasidic 
Jewish communities) ARF is quite rare in North America. The impres- 
sive reduction in ARF prevalence in the United States since the mid- 
1960s may be related to reductions in the prevalence of so-called 
“rheumatogenic” GAS M types. The reason for the near disappearance 
of rheumatogenic types in the United States is unknown. Areas of the 
world with persistently high rates of ARF have different M types than 
the United States had in the past and has currently. AGN is not pre- 
vented by treatment of the antecedent streptococcal infection. Pharyn- 
gitis caused by one of the “nephritogenic” strains of GAS precedes 


FIGURE 1.5 Retropharyngeal abscess in a 3-year-old female with sore throat and fever. A, Lateral soft tissue 
neck radiograph reveals extensive soft tissue swelling displacing the airway anteriorly from the skull base 
to C6 (arrow). B, Sagittal reconstructed contrast-enhanced computed tomography confirms thickened, 
enhancing retropharyngeal soft tissues Indicating cellulitis. Region of hypoattenuating fluid is concerning for 
retropharyngeal abscess (asterisk). (From Lowe LH, Smith CJ. Infection and inflammation. In: Caffey’s Pedi- 
atric Diagnostic Imaging. 12th ed. Vol 1. Philadelphia: Elsevier; 138; Figure 15.4.) 
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FIGURE 1.6 In an adolescent, the retropharyngeal space normally 
does not exceed 7 mm when measured from the anterior aspect of the 
C2 vertebral body to the posterior pharynx. In infants the retropharyn- 
geal space is usually less than one width of the adjacent vertebral body. 
However, during crying, this distance may be three widths of the ver- 
tebral body. In addition, under normal circumstances, the retrotracheal 
space does not exceed 22 mm in adolescents when measured from 
the anterior aspect of C6 to the trachea. Dotted lines depict the “thumb- 
print” sign, noted on a lateral neck radiograph, made by a swollen 
epiglottis. (From Reilly BM. Sore throat. In: Practical Strategies in Out- 
patient Medicine. 2nd ed. Philadelphia: WB Saunders; 1991.) 


glomerulonephritis by about 10 days. Unlike ARF, which occurs only 
after GAS pharyngitis, AGN also can follow GAS skin infection. 


Treatment Failure and Chronic Carriage 


Treatment with penicillin cures GAS pharyngitis but does not eradicate 
GAS from the pharynx in as many as 25% of patients (Fig. 1.7). This 
causes considerable consternation among affected patients and their 
families. Resistance to penicillin is not the cause of treatment failure. 
A few such patients are symptomatic and are characterized as having 
clinical treatment failure. Re-infection with the same strain or a differ- 
ent strain is possible, as is intercurrent viral pharyngitis. Some of these 
patients may be chronic pharyngeal carriers of GAS who are suffering 
from a new superimposed viral infection; others may have been non- 
adherent to therapy. Many patients who continue to have positive tests 
for GAS despite antimicrobial treatment are asymptomatic and are 
identified only when follow-up throat swabs are obtained, a practice 
that is usually unnecessary in North America. Patients who adhered to 
therapy are at minimal risk for ARF. One explanation for asymptom- 
atic persistence of GAS after treatment is that these patients are chroni- 
cally colonized with GAS, were initially symptomatic because of a viral 
pharyngitis, and did not truly have acute streptococcal pharyngitis. 
Patients who are chronically colonized with GAS are called chronic 
carriers. Carriers do not appear to be at risk for ARF or for develop- 
ment of suppurative complications, and they are rarely sources of 
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FIGURE 1.7 Management of patients with repeated or frequent posi- 
tive rapid tests or throat cultures. GAS, group A streptococci; IM, 
intramuscular. 


spread of GAS in the community. There is no reason to exclude carriers 
from school. There is no easy way to identify chronic carriers prospec- 
tively among patients with symptoms of acute pharyngitis. The patho- 
physiology of chronic carriage is unknown. As resistance to penicillin 
is not a factor, many other causes have been hypothesized including 
non-adherence to antibiotic treatment, tolerance to antibiotics (sup- 
pression but lack of killing by antimicrobials), internalization of 
GAS by epithelial cells, and presence of B-lactamase-producing 
“co-pathogens,” but none has been proven. The clinician should con- 
sider the possibility of chronic GAS carriage when a patient or a family 
member has multiple test-positive episodes of pharyngitis, especially 
when symptoms are mild or atypical. A culture or other test is usually 
positive for GAS when the suspected carrier is symptom-free or is 
receiving antibiotic treatment (intramuscular benzathine penicillin is 
recommended in order to eliminate concerns about compliance). 

Carriers often receive multiple unsuccessful courses of antibiotic 

therapy in attempts to eliminate GAS. Physician and patient anxiety is 
common and can develop into “streptophobia.” Unproven and ineffec- 
tive therapies include tonsillectomy, prolonged administration of anti- 
biotics, use of B-lactamase-resistant antibiotics, and culture or 
treatment of pets. Available treatment options for the physician faced 
with a chronic streptococcal carrier include the following: 

1. Evaluate for GAS pharyngitis by throat swab each time the 
patient has pharyngitis with features that suggest streptococcal 
pharyngitis. Treat as acute GAS pharyngitis with amoxicillin or 
penicillin (or an alternative agent) each time a test is positive; 
this will prevent ARF if the GAS identified has been newly 
acquired. Avoid testing patients who do not have signs and 
symptoms suggestive of acute GAS pharyngitis. 
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2. Treating with one of the regimens effective for terminating 
chronic carriage. 

The first option is simple, as safe as amoxicillin and penicillin, and 
appropriate for most patients. The second option should be reserved 
for particularly anxious patients; those with a history of ARF or living 
with someone who had it; or those living or working in nursing homes, 
chronic care facilities, and hospitals. Two antibiotic treatment regi- 
mens have been demonstrated in randomized trials to be effective for 
eradication of the carrier state: 

° Intramuscular benzathine penicillin plus oral rifampin (10 mg/ 
kg/dose up to 300 mg, given twice daily for 4 days beginning on 
the day of the penicillin injection) 

° Oral clindamycin, given for 10 days (20 mg/kg/day up to 
450 mg, divided into three equal doses) 

Clindamycin is easier to use than intramuscular penicillin plus oral 
rifampin and may be somewhat more effective. Amoxicillin-clavulanate 
(40 mg amoxicillin/kg/day up to 2000 mg amoxicillin/day divided tid 
for 10 days) has also been used. Successful eradication of the carrier 
state makes evaluation of subsequent episodes of pharyngitis much 
easier, although chronic carriage can recur upon re-exposure to GAS. 


Recurrent Acute Pharyngitis 


Some patients seem remarkably susceptible to developing GAS phar- 
yngitis. The reasons for frequent bona fide acute GAS pharyngitis are 
obscure. In contrast to chronic carriers, appropriate antibiotic treat- 
ment of each episode results in eradication of the organism. 

The role of tonsillectomy in the management of patients with mul- 
tiple episodes of streptococcal pharyngitis is controversial. The pres- 
ence of tonsils is not necessary for GAS to infect the throat. Fewer 
episodes of sore throat were reported among patients treated with 
tonsillectomy (in contrast to patients treated without surgery) during 
the first 2 years after operation. Patients had experienced numerous 
episodes of pharyngitis over several years, and it appears that not all 
episodes were caused by GAS. By 2 years after tonsillectomy there was 
no difference between the groups in the frequency of pharyngitis. The 
postoperative complication rate among tonsillectomy patients was 
14%. Tonsillectomy cannot be recommended for treatment of recurrent 
pharyngitis except in unusual circumstances. It is preferable to treat 
most patients with penicillin or amoxicillin whenever symptomatic 
GAS pharyngitis occurs. Obtaining follow-up throat specimens for 
culture can help distinguish recurrent pharyngitis from chronic car- 
riage but is unnecessary in most instances. 


INFECTION WITH STREPTOCOCCI THAT ARE NOT 
GROUP A (NON-A STREPTOCOCCI) 


Certain B-hemolytic streptococci of serogroups other than group A 
cause acute pharyngitis. Well-documented epidemics of food-borne 
group C and group G streptococcal pharyngitis have been reported 
in young adults. In these situations, a high percentage of individuals 
who had ingested the contaminated food promptly developed acute 
pharyngitis, and throat cultures yielded virtually pure growth of the 
epidemiologically linked organism. There have been outbreaks of 
group G streptococcal pharyngitis among children. However, the role 
of non-A streptococcal organisms as etiologic agents of acute phar- 
yngitis in endemic circumstances has been difficult to establish. Group 
C and group G streptococci may be responsible for acute pharyngitis, 
particularly in adolescents. However, the exact role of these agents, 
most of which are carried asymptomatically in the pharynx of some 
children and young adults, remains to be fully characterized. When 
they are implicated as agents of acute pharyngitis, groups C and G 
organisms do not appear to necessitate treatment, inasmuch as they 


cause self-limited infections. Acute rheumatic fever is not a sequela 
to these infections but acute glomerulonephritis has been documented 
in rare cases after epidemic group C and group G streptococcal 
pharyngitis. 


FUSOBACTERIUM NECROPHORUM 


Fusobacterium necrophorum, an anaerobic gram-negative organism, is 
increasingly recognized as a cause of pharyngitis in older adolescents 
and adults (ages 15-30 years). Prevalence in studies in Europe is 
reported to be about 10% in patients with pharyngitis not caused by 
GAS, but large surveillance studies have not been performed. In a U.S. 
study of students at a university health clinic, F. necrophorum was 
detected by PCR in 20.5% of patients with pharyngitis and 9.4% of an 
asymptomatic convenience sample; some had more than one bacte- 
rium detected by PCR of throat swabs. Many of the pharyngitis patients 
with F. necrophorum had signs and symptoms indistinguishable from 
patients with increased likelihood for GAS pharyngitis: About one- 
third had fever, one-third had tonsillar exudates, two-thirds had ante- 
rior cervical adenopathy, and most did not have cough. The 
symptomatic overlap of F. necrophorum and GAS and the presence of 
asymptomatic carriage could complicate the clinical assessment of sore 
throat in adolescents but F. necrophorum is difficult to culture from 
the throat and neither a rapid test nor PCR is available for use in 
clinical care. 

F. necrophorum pharyngitis can be associated with development of 
septic thrombophlebitis of the internal jugular vein, known as 
Lemierre syndrome (Fig. 1.8). Approximately 80% of cases of Lemierre 
syndrome are due to this bacterium, but the proportion of patients 
infected or colonized with F. necrophorum who develop pharyngitis 
and Lemierre syndrome is unknown. Patients present initially with 
fever, sore throat, exudative pharyngitis, and/or peritonsillar abscess. 
The symptoms persist, severe neck pain and swelling develop, and the 
patient appears toxic. Septic shock may ensue along with metastatic 
complications, especially septic pulmonary emboli. Diagnosis is con- 
firmed by computed tomography or magnetic resonance imaging of 
the neck and isolation of the organism on anaerobic blood culture. 
F. necrophorum is usually sensitive in vitro to penicillin, but some 
isolates produce B-lactamases, and treatment failure with penicillin 
has been reported. Many expert clinicians use metronidazole, clinda- 
mycin, a B-lactam in combination with a B-lactamase inhibitor (such 
as ampicillin-sulbactam), or a carbapenem. The septic thrombophle- 
bitis of Lemierre syndrome can be polymicrobial; combination anti- 
biotic therapy may be beneficial. Some patients require surgical 
debridement and/or incision and drainage. The case-fatality rate may 
be as high as 4-9%. 


ARCANOBACTERIUM INFECTION 


Arcanobacterium haemolyticum is a gram-positive rod that has been 
reported to cause acute pharyngitis and scarlet fever-like rash, particu- 
larly in teenagers and young adults. Detecting this agent requires 
special methods for culture, and it has not routinely been sought in 
patients with scarlet fever or pharyngitis. The clinical features of A. 
haemolyticum are indistinguishable from GAS pharyngitis; pharyngeal 
erythema is present in almost all patients, patchy white to gray exu- 
dates in about 70%, cervical adenitis in about 50%, and moderate fever 
in 40%. Palatal petechiae and strawberry tongue may also occur. The 
scarlatiniform rash usually spares the face, palms, and soles. The rash 
is erythematous and blanches; it may be pruritic and demonstrate 
minimal desquamation. Erythromycin appears to be the treatment of 
choice. 
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FIGURE 1.8 Lemierre syndrome (Fusobacterium necrophorum infection) complicated by stroke in a 6-year- 


old female presenting with fever, difficulty swallowing, and nuchal rigidity. A, Axial contrast enhanced 
computed tomography image shows low-attenuation retropharyngeal fluid (asterisk). B, Magnetic resonance 
imaging 2 days later, performed because of acute left arm weakness, confirms lack of left internal jugular 
vein patency on magnetic resonance venogram. C, Diffusion-weighted image of the brain reveals multiple 
small foci of bright signal infarction secondary to emboli from thrombophelebitis, vasospasm, or both. (From 
Lowe LH, Smith CJ. Infection and inflammation. In: Caffey’s Pediatric Diagnostic Imaging. 12th ed. Vol 1. 


Philadelphia: Elsevier; 137; Figure 15.2.) 


EPIGLOTTITIS AND BACTERIAL TRACHEITIS 


Epiglottitis (or supraglottitis) is a life-threatening infection of the 
airway proximal to the vocal cords (Fig. 1.9; see also Fig. 1.6). Histori- 
cally, it was an infection in 1-4 year-old children caused by Haemophi- 
lus influenzae type b. It presents with acute onset of fever and severe 
sore throat. This disease progresses rapidly to airway compromise. 
Patients are often drooling and leaning forward with the neck extended. 
Some patients may have stridor, but a muffled voice is more common. 
Management depends on establishing a secure airway by intubation 
and treating with antibiotics. When epiglottitis is suspected, the oro- 
pharynx should not be visualized or manipulated except in a con- 
trolled environment (intensive care unit or operating room) by 
someone with expertise in management of the airway who is prepared 
to immediately intubate the patient. Vaccination against H. influenzae 
type b has nearly eliminated this disease in childhood; however, epi- 
glottitis caused by GAS, Streptococcus pneumoniae, Staphyloccocus 
aureus, and non-type b H. influenzae occurs occasionally. 

Bacterial tracheitis (bacterial croup, bacterial laryngotracheitis) is 
a rare complication of viral croup. S. aureus is the most common 
superinfecting bacteria identified. Patients have a history of prolonged 
croup symptoms that become dramatically worse with fever and signs 
of airway obstruction. While sore throat may have been present at the 
onset of croup, it is not a prominent complaint once bacterial infection 
of the airway occurs. The clinical appearance of patients with bacterial 
tracheitis may mimic that of patients with epiglottitis. 


DIPHTHERIA 


Diphtheria is a very serious disease that is caused by pharyngeal infec- 
tion by toxigenic strains of Corynebacterium diphtheriae. It has become 
very rare in the United States and other developed countries as a result 
of immunization. The few diphtheria cases recognized annually in the 
United States usually occur in unimmunized individuals; the fatality 
rate is about 5%. 


FIGURE 1.9 Epiglottis in a 5-year-old boy with respiratory distress and 
drooling. A lateral soft tissue neck radiograph shows a markedly thick- 
ened epiglottis (white arrow), which is referred to as the “thumb” sign. 
The aryepiglottic folds (black arrow) also are thickened. (From Laya BF, 
Lee EY. Upper airway disease. In: Caffey’s Pediatric Diagnostic Imaging. 
12th ed. Vol 1. Philadelphia: Elsevier; 529; Figure 51.2.) 
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$ Pathogenesis 


The pathogenesis of diphtheria involves nasopharyngeal mucosal colo- 
nization by C. diphtheriae and toxin elaboration after an incubation 
period of 1-5 days. Toxin leads to local tissue inflammation and necro- 
sis (producing an adherent grayish membrane made up of fibrin, 
blood, inflammatory cells, and epithelial cells) and it is absorbed into 
the bloodstream. Fragment B of the polypeptide toxin binds particu- 
larly well to cardiac, neural, and renal cells, and the smaller fragment 
A enters cells and interferes with protein synthesis. Toxin fixation by 
tissues may lead to fatal myocarditis (with arrhythmias) within 10-14 
days and to peripheral neuritis within 3-7 weeks. 


® Clinical Features 


Acute tonsillar and pharyngeal diphtheria is characterized by sore 
throat, anorexia, malaise, and low-grade fever. The grayish membrane 
forms within 1-2 days over the tonsils and pharyngeal walls and occa- 
sionally extends into the larynx and trachea. Cervical adenopathy 
varies but may be severe and associated with development of a “bull 
neck.” In mild cases, the membrane sloughs after 7-10 days, and the 
patient recovers. In severe cases, an increasingly toxic appearance can 
lead to prostration, stupor, coma, and death within 6-10 days. Distinc- 
tive features include palatal paralysis, laryngeal paralysis, ocular palsies, 
diaphragmatic palsy, and myocarditis. Airway obstruction (from mem- 
brane formation) may complicate the toxigenic manifestations. 


® Diagnosis 

Accurate diagnosis requires isolation of C. diphtheriae on culture of 
material from beneath the membrane, with confirmation of toxin pro- 
duction by the organism isolated. Laboratories must be forewarned 
that diphtheria is suspected. Other tests are of little value. 


GONOCOCCAL PHARYNGITIS 


Acute symptomatic pharyngitis caused by Neisseria gonorrhoeae occurs 
occasionally in sexually active individuals as a consequence of 


oral-genital contact. In cases involving young children, sexual abuse 
must be suspected. The infection usually manifests as an ulcerative, 
exudative tonsillopharyngitis but may be asymptomatic and resolve 
spontaneously. Gonococcal pharyngitis occurs after fellatio in homo- 
sexual men and heterosexual women and is less readily acquired after 
cunnilingus. Gonorrhea rarely is transmitted from the pharynx to a 
sex partner, but pharyngitis can serve as a source for gonococcemia. 
Diagnosis requires culture on appropriate selective media (e.g., Thayer- 
Martin medium). Nucleic acid amplification tests (NAAT) may also 
detect the organism from pharyngeal and other sites. Examination and 
testing for other sexually transmitted infections and pregnancy are 
recommended. 


CHLAMYDIAL AND MYCOPLASMAL INFECTIONS 


Chlamydia species and Mycoplasma pneumoniae may cause phar- 
yngitis, although the frequency of these infections is unclear. Chla- 
mydia trachomatis has been implicated serologically as a cause of 
pharyngitis in as many as 20% of adults with pharyngitis, but 
isolation of the organism from the pharynx has proved more dif- 
ficult. Chlamydia pneumoniae has also been identified as a cause 
of pharyngitis. Because antibodies to this organism show some 
cross reaction with C. trachomatis, it is possible that infections 
formerly attributed to C. trachomatis were really caused by C. pneu- 
moniae. Diagnosis of chlamydial pharyngitis is difficult, whether by 
culture or serologically, and neither method is readily available to 
the clinician. 

M. pneumoniae most likely causes pharyngitis. Serologic (positive 
mycoplasma IgM) or, less often, culture methods can be used to iden- 
tify this infectious agent, which was found in 33% of college students 
with pharyngitis in one study. PCR is diagnostic but there is no need 
to seek evidence of these organisms routinely in pharyngitis patients 
in the absence of ongoing research studies of nonstreptococcal phar- 
yngitis. The efficacy of antibiotic treatment for M. pneumoniae and 
chlamydial pharyngitis is not known, but these illnesses appear to be 
self-limited. 


Sore throat is a common complaint. Most children with acute sore 
throat have a viral illness. Accurate diagnosis of acute streptococcal 
pharyngitis is essential because appropriate therapy ensures prevention 
of serious suppurative and nonsuppurative complications. Life- 
threatening infectious complications of oropharyngeal infections may 
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manifest with mouth pain, pharyngitis, parapharyngeal space infec- 
tious extension, and/or airway obstruction. Other red flags are pro- 
longed fever, prolonged sore throat, drooling, trismus, and severe, 
unremitting pain (see Table 1.5). 
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INTRODUCTION 


Cough is an important defense mechanism of the lungs and is a 
common symptom, particularly during winter months. In most 
patients, it is self-limited. However, cough can be ominous, indicating 
serious underlying disease, because of accompanying problems 
(hemoptysis) or because of serious consequences of the cough itself 
(e.g., syncope and hemorrhage). 


© Pathophysiology 


The cough reflex serves to prevent the entry of harmful substances into 
the tracheobronchial tree and to expel excess secretions and retained 
material from the tracheobronchial tree. Cough begins with stimula- 
tion of cough receptors, located in the upper and lower airways, and 
in many other sites such as the ear canal, tympanic membrane, sinuses, 
nose, pericardium, pleura, and diaphragm. Receptors send messages 
via vagal, phrenic, glossopharyngeal, or trigeminal nerves to the “cough 
center,’ which is in the medulla. Because cough is not only an invol- 
untary reflex activity but also one that can be initiated or suppressed 
voluntarily, “higher centers” must also be involved in the afferent limb 
of the responsible pathway. The neural impulses go from the medulla 
to the appropriate efferent pathways to the larynx, tracheobronchial 
tree, and expiratory muscles. 

The act of coughing (Fig. 2.1) begins with an inspiration, followed 
by expiration against a closed glottis (compressive phase), resulting in 
the buildup of impressive intrathoracic pressures (50-300 cm H,O). 
These pressures may be transmitted to vascular, cerebrospinal, and 
intraocular spaces. Finally, the glottis opens, allowing for explosive 
expiratory airflow (300 m/sec) and expulsion of mucus, particularly 
from the larger, central airways. The inability to seal the upper airway 
(tracheostomy) impairs, but does not abolish, the effectiveness of 
cough. Weak ventilatory muscles (muscular dystrophy) impair both 
the inspiratory and the compressive phase. 


$ History 


The patient history often provides the most important body of infor- 
mation about a child’s cough. A diagnosis can often be discerned with 
relative certainty from the family history, the environmental and expo- 
sure history, and the acute nature and characterization of the cough. 


Demographics 

The patient’s age (Table 2.1) helps to focus the diagnostic possibilities. 
Congenital anatomic abnormalities may be symptomatic from birth, 
whereas toddlers, who may have incomplete neurologic control over 
swallowing and often put small objects in their mouths, are at risk for 
foreign body aspiration; adolescents may experiment with smoking or 
inhaled drugs. Socioeconomic factors must be considered; a family that 
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cannot afford central heating may use a smoky wood-burning stove; 
spending time at a daycare center may expose an infant to respiratory 
viruses; and several adult smokers in a small home expose children to 
a high concentration of respiratory irritants. 


Characteristics of the Cough 


The various cough characteristics can help determine the cause of 
cough. The causes of acute, recurrent, and chronic coughs may be 
quite different from each other (Fig. 2.2; see also Table 2.1). A cough 
can be paroxysmal, brassy, productive, weak, volitional, and “throat- 
clearing,’ and it may occur at different times of the day (Tables 2.2 
and 2.3). 

The previous response or lack of response to some therapies for 
recurrent and chronic cough can provide important information (see 
Table 2.3). Furthermore, some coughs may be caused or worsened by 
medications (Table 2.4). 


Associated Symptoms 


A history of accompanying signs or symptoms, whether localized to 
the respiratory tract (wheeze, stridor) or elsewhere (failure to thrive, 
frequent malodorous stools) can give important clues (Table 2.5; see 
also Tables 2.2 and 2.3). It is essential to remember that the daily 
language of the physician is full of jargon that may be adopted by 
parents but with a different meaning from that understood by physi- 
cians. If a parent says that a child “wheezes” or “croups” or is “short 
of breath,” it is important to find out what the parent means by 
that term. 


Family and Patient's Medical History 


Because many disorders of childhood have genetic or nongenetic 
familial components, the family history can provide helpful 
information: 

° Are there older siblings with cystic fibrosis (CF) or asthma? 

° Is there a coughing sibling whose kindergarten class has been closed 
because of pertussis? 

° Is there an adolescent or adult with chronic cough (bronchitis) who 
may have pertussis or tuberculosis? 

° Was the child premature, and, if so, did he or she spend a month 
on the ventilator, and does he or she now have chronic lung disease 
(bronchopulmonary dysplasia)? 

° Did the toddler choke on a carrot or other food 3 months ago? 

e Did the child have RSV, bronchiolitis, or rhinovirus infection as an 
infant? 

e Did the child receive a bone marrow transplant a year ago? 

e Is the child immunized? 

° Did the infant have a tracheoesophageal fistula repaired in the 
neonatal period? 
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Sound 


Subglottic 
pressure 


Neg. flow phase Min. flow 
phase 


Pos. flow phase 


Expiratory 
phase 
(explosive) 


Glottis 
closure 


Inspiratory 


phase 


FIGURE 2.1 Cough mechanics, showing changes in expiratory flow 
rate, air volume, subglottic pressure, and sound recording during cough. 
(Modified from Yanagihara N, et al. The physical parameters of cough: 
the larynx in a normal single cough. Acta Otolaryngol. 1996;61: 
495-510.) 


® Physical Examination 

Inspection 

Initial inspection often reveals the seriousness of an illness: 

° Is the child struggling to breathe (dyspnea)? 

° Does the child have an anxious look? 

° Can the child be calmed or engaged in play? 

e Is the child’s skin blue (representing cyanosis) or ashen? 

° Does the child appear wasted, with poor growth that may indicate 

a chronic illness? 

The respiratory rate is often elevated with parenchymal lung 
disease or extrathoracic obstruction. Respiratory rates vary with the 
age of the child (Fig. 2.3) and with pulmonary infection, airway 
obstruction, activity, wakefulness and sleep, fever, metabolic acidosis, 
and anxiety. 

Odors may also give helpful clues. Does the examining room or the 
clothing smell of stale cigarette smoke? Is there a foul odor from a 
diaper with a fatty stool, which may suggest pancreatic insufficiency 
and CF? Is the child’s breath malodorous, as can be noticed in sinusitis, 
nasal foreign body, lung abscess, or bronchiectasis? 

Fingers. Cyanotic nail beds suggest hypoxemia, poor peripheral 
circulation, or both. The examiner looks for the presence of digital 
clubbing (Fig. 2.4), which makes asthma or acute pneumonia extremely 
unlikely. The absence of digital clubbing but a history of severe chronic 
cough in an older child makes CF unlikely. 


TABLE 2.1 


Age Group 
Infants 


Toddlers 


Children 


Adolescents 


Causes of Cough 


Acute 
Infection'* 
Aspiration’ 
Foreign body’ 


Infection’ 
Foreign body’ 
Aspiration” 


Infection’ 
Foreign body’ 


Infection! 


Recurrent 


Asthma’ 

CE 

GER' 

Aspiration’ 

Anatomic 
abnormality’ 

Passive 
smoking’ 


Asthma’ 
OF 
GER’ 
Aspiration’ 
Anatomic 
abnormality” 
Passive 
smoking” 
Asthma 
GF. 
GER’ 
Passive 
smoking” 


Asthma’ 

CF 

GER! 

Aspiration’ 

Anatomic 
abnormality? 


Chronic 
(>4 wk) 


Asthma’ 

GE 

GER' 

Aspiration’ 

Pertussis” 

Anatomic 
abnormality” 

Passive smoking’ 


Asthma’ 

GF 

GER! 

Aspiration? 

Pertussis’ 

Anatomic 
abnormality? 

Passive smoking’ 


Asthma’ 

CE 

GER? 

Pertussis’ 

Mycoplasma 

Psychogenic® 

Anatomic 
abnormality” 

Passive smoking’ 


Asthma! 
ce 
GER? 
Smoking’ 
Tuberculosis” 
Psychogenic’ 
Pertussis” 
Aspiration” 
Anatomic 
abnormality” 
Tumor’ 


*Infections include upper (pharyngitis, sinusitis, tracheitis, rhinitis, 
otitis) and lower (pneumonia, abscess, empyema) respiratory tract 
disease. 

"Anatomic abnormality includes tracheobronchomalacia, 
tracheoesophageal fistula, vascular ring, abnormal position or take-off 
of large bronchi. 

‘Common; 7less common; much less common. 

CF, cystic fibrosis; GER, gastroesophageal reflux. 


Chest, abdomen, and spine. The shape of the chest gives informa- 
tion. Is the anteroposterior (AP) diameter increased, which indicates 
hyperinflation of the lungs from obstruction of small airways (asthma, 
bronchiolitis, CF)? Is this diameter small, as can be seen with some 
restrictive lung diseases with small lung volumes (muscular dystrophy, 
spinal muscular atrophy)? The normal infant has a “round” chest con- 
figuration, with the AP diameter of the chest about 84% of the trans- 
verse (lateral) diameter. With growth, the chest becomes more flattened 
in the AP dimension, and the AP-to-transverse ratio is between 70% 
and 75%. Although obstetric calipers can be used to give an objective 
assessment of the AP diameter of the chest, most clinicians rely on their 


COUGH 


Consider Yes 
Foreign body 

Pulmonary embolism 

Inhaled irritant 


Sudden onset 


Consider 
Nasopharyngitis Fever, rhinorrhea 
Sinusitis Normal chest exam 


Laryngotracheitis 


Consider 
Viral, bacterial pneumonia 


ae Yes Fever, abnormal 
Hypersensitivity pneumonia 


chest exam, 
acute onset 


Consider 
Cystic fibrosis 
Asthma 
Tuberculosis Yes 
Mediastinal 
disease 
Habit 
Other (see below) 


Chronic cough 


Consider 

Cystic fibrosis Yes 

Immunodeficiency (HIV, 
agammaglobulinemia, 
combined immunodeficiency) 

Leukocyte disorders (e.g.,chronic granulomatous 
disease) 

Ciliary dyskinesia (dysmotile cilia syndrome, 
Kartagener syndrome) 

Anatomic disorders (sequestration, reflux, 
bronchiectasis, lobar emphysema, cystic 
adenomatoid malformation, aspiration) 

Sickle cell anemia 


FIGURE 2.2 Algorithm for differential diagnosis of cough. HIV, human 
immunodeficiency virus. 


Recurrent cough 
and pneumonia 


subjective assessment of whether the diameter is increased: Does the 
patient look “barrel-chested”? 

Intercostal, subcostal, suprasternal, and supraclavicular retractions 
(inspiratory sinking in of the soft tissues) indicate increased effort of 
breathing and reflect both the contraction of the accessory muscles of 
respiration and the resulting difference between intrapleural and extra- 
thoracic pressure. Retractions occur most commonly with obstructed 
airways (upper or lower), but they may occur with any condition 
leading to the use of the accessory muscles. Any retractions other than 
the mild normal depressions seen between an infant’s lower ribs indi- 
cate a greater than normal work of breathing. 
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TABLE 2.2 Clinical Clues About Cough 


Characteristic 
Staccato, paroxysmal 


Followed by “whoop” 


All day, never during 
sleep 


Barking, brassy 


Hoarseness 


Abrupt onset 

Follows exercise 

Accompanies eating, 
drinking 

Throat clearing 


Productive (sputum) 


Night cough 
Seasonal 


lmmunosuppressed 
patient 


Think of 


Pertussis, cystic fibrosis, foreign body, 
Chlamydia species, Mycoplasma species 


Pertussis 
Psychogenic, habit 


Croup, psychogenic, tracheomalacia, tracheitis, 
epiglottitis 

Laryngeal involvement (croup, recurrent 
laryngeal nerve involvement) 

Foreign body, pulmonary embolism 

Asthma 


Aspiration, gastroesophageal reflux, 
tracheoesophageal fistula 


Postnasal drip 

Infection 

Sinusitis, asthma 
Allergic rhinitis, asthma 


Bacterial pneumonia, Pneumocystis jiroveci, 
Mycobacterium tuberculosis, Mycobacterium 


avium—intracellulare, cytomegalovirus 


Dyspnea Hypoxia, hypercarbia 

Chlamydia psittaci (birds), Yersinia pestis 
(rodents), Francisella tularensis (rabbits), Ü 
fever (sheep, cattle), hantavirus (rodents), 


histoplasmosis (pigeons) 


Animal exposure 


Histoplasmosis (Mississippi, Missouri, Ohio 
River Valley), coccidioidomycosis (Southwest), 
blastomycosis (North and Midwest) 


Geographic 


Workdays with clearing Occupational exposure 


on days off 


Less easy to notice than intercostal retractions is their bulging out 
with expiration in a child with expiratory obstruction (asthma). Con- 
traction of the abdominal muscles with expiration is easier to notice 
and is another indication that a child is working harder than normal 
to push air out through obstructed airways. 

Inspection of the spine may reveal kyphosis or scoliosis. There is a 
risk of restrictive lung disease if the curvature is severe. 


Palpation 


Palpating the trachea, particularly in infants, may reveal a shift to one 
side, which suggests loss of volume of the lung on that side or extra- 
pulmonary gas (pneumothorax) on the other side. Placing one hand 
on each side of the chest while the patient breathes may enable the 
examiner to detect asymmetry of chest wall movement, either in 
timing or in degree of expansion. The former indicates a partial bron- 
chial obstruction, and the latter suggests a smaller lung volume, vol- 
untary guarding, or diminished muscle function on one side. Palpating 
the abdomen gently during expiration may allow the examiner to feel 
the contraction of the abdominal muscles in cases of expiratory 
obstruction. Hyperinflation may push the liver down making it pal- 
pable below the costal margin. 

Palpation for tactile fremitus, the transmitted vibrations of the 
spoken word (“ninety-nine” is the word often used to accentuate these 
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TABLE 2.3 Cough: Some Aspects of Differential Diagnosis 


Responds 
Responds Responds to 
Only to Inhaled to Steroids Failure 
Abrupt When Yellow Bronchodilator Antibiotics (by to 
Onset Awake Sputum (by History) (by History) History) Thrive 


Asthma =} JHF == — +- 


Digital 


Cause Clubbing 


Wheeze 


Cystic fibrosis 

Infection 

Aspiration 

Gastroesophageal 
reflux 

Foreign body 

Habit 


-+ -- 
-+ _ 
+ 


+ -- 


a 
R 

7 

we: 


++, very common and suggests the diagnosis; ++, common; +, uncommon; —, almost never and makes examiner question the diagnosis. 


TABLE 2.4 Drugs Causing Cough 


Drug 

Tobacco, marijuana 
B-Adrenergic blockers 
ACE inhibitors 
Bethanechol 
Nitrofurantoin 
Antineoplastic agents 


sulfasalazine 
Penicillamine 
Diphenylhydantoin 
Gold 

Aspirin, NSAIDs 
Nebulized antibiotics 


Inhaled/nebulized 
bronchodilators 


Theophylline, caffeine 


Mechanism 
Direct irritants 
Potentiate asthma 
(?) Possibly potentiate asthma 
Potentiates asthma 
(?) Via oxygen radicals vs via autoimmunity 


Various (including pneumonitis/fibrosis, 
hypersensitivity, noncardiogenic pulmonary 
edema) 


(?) Causes bronchiolitis obliterans 

(?) Causes bronchiolitis obliterans 
Hypersensitivity pneumonitis 

(?) Causes interstitial fibrosis 
Potentiate asthma 

(?) Direct irritant 


Increases tracheal/bronchial wall instability in 
airway malacia; or via reaction to vehicle 


Indirect, via worsened gastroesophageal reflux 


(relaxation of lower esophageal sphincter) 
Metabisulfite 


Cholinesterase 
inhibitors 


Induces allergic asthma 
Induce mucus production (bronchorrhea) 


ACE, angiotensin-converting enzyme; NSAIDs, nonsteroidal anti- 
inflammatory drugs. 


vibrations), helps determine areas of increased parenchymal density 
and hence increased fremitus (as in pneumonic consolidation) or 
decreased fremitus (as in pneumothorax or pleural effusion). 


Percussion 


The percussion note determined by the examiner’s tapping of one 
middle finger on the middle finger of the other hand, which is firmly 
placed over the patient’s thorax, may be dull over an area of consolida- 
tion or effusion and hyperresonant with air trapping. Percussion can 
also be used to determine diaphragmatic excursion. The lowest level 


TABLE 2.5 Nonpulmonary History 
Suggesting Cystic Fibrosis 


Maldigestion, malabsorption, steatorrhea (in 80-90%) 
Poor weight gain 

Family history of cystic fibrosis 

Salty taste to skin 


Rectal prolapse (up to 20% of patients) 
Digital clubbing 

Meconium ileus (in 10-15%) 

Intestinal atresia 

Neonatal cholestatic jaundice 

Male sterility 


60 


50 


Respiratory rate (breaths/min) 
GD 
O 


0 12 24 36 4 8 12 16 
Age (months) Age (years) 
FIGURE 2.3 Mean values (blue line) +2 standard deviations (red and 
yellow lines) of the normal respiratory rate at rest (during sleep in chil- 
dren younger than 3 years). There is no significant difference between 
the genders. (Data from Pasterkamp H. The history and physical exami- 


nation. In: Chernick V, ed. Kendig’s Disorders of the Respiratory Tract 
in Children. 6th ed. Philadelphia: WB Saunders; 1998:88.) 


NORMAL 


CLUBBING 


Phalangeal depth ratio 


IPD>DPD DPD>IPD 


Hyponychial angle 


abc<180° abc>195° 


Schamroth sign 


% AK 


FIGURE 2.4 Measurement of digital clubbing. The ratio of the distal 
ohalangeal depth (DPD) to the interphalangeal depth (IPD), or the pha- 
langeal depth ratio, is normally less than 1 but increases to more than 
1 with finger clubbing. The DPD/IPD ratio can be measured with cali- 
pers or, more accurately, with finger casts. The hyponychial angle is 
measured from lateral projections of the finger contour on a magnifying 
screen and is normally less than 180 degrees but greater than 195 
degrees with finger clubbing. Schamroth sign is useful for bedside 
assessment. The dorsal surfaces of the terminal phalanges of similar 
fingers are placed together. With clubbing, the normal diamond-shaped 
aperture or “window” at the bases of the nail beds disappears, and a 
prominent distal angle forms between the end of the nails. In normal 
subjects, this angle is minimal or nonexistent. (From Pasterkamp H. 
The history and physical examination. In: Chernick V, ed. Kendig’s 
Disorders of the Respiratory Tract in Children. 6th ed. Philadelphia: WB 
Saunders; 1998.) 
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of resonance at inspiration and expiration determines diaphragmatic 
motion. 


Auscultation 


Because lung sounds tend to be higher-pitched than heart sounds, the 

diaphragm of the stethoscope is better suited to pulmonary ausculta- 

tion than is the bell, whose target is primarily the lower-pitched heart 
sounds (Table 2.6). The adult-sized stethoscope generally is superior 
to the smaller pediatric or neonatal diaphragms, even for listening to 

small chests, because its acoustics are better (Figs. 2.5 and 2.6). 
Adventitious sounds come in a few varieties, namely, stridor, crack- 

les, rhonchi, and wheezes. Other sounds should be described in clear, 

everyday language. 

° Stridor is a continuous musical sound usually heard on inspiration 
and is caused by narrowing in the extrathoracic airway, as with 
croup or laryngomalacia. 

° Crackles are discontinuous, representing the popping open of 
air-fluid menisci as the airways dilate with inspiration. Fluid in 
larger airways causes crackles early in inspiration (congestive 
heart failure). Crackles that tend to be a bit lower in pitch 
(“coarse” crackles) than the early, higher-pitched (“fine”) crackles 
are associated with fluid in small airways (pneumonia). Although 
crackles usually signal the presence of excess airway fluid (pneu- 
monia, pulmonary edema), they may also be produced by the 
popping open of noninfected fibrotic or atelectatic airways. Fine 
crackles are not audible at the mouth, whereas coarse crackles 
may be. Crackles is the preferred term, rather than the previ- 
ously popular “rales.” 

° Rhonchi, or “large airway sounds,’ are continuous gurgling or bub- 
bling sounds typically heard during both inhalation and exhalation. 
These sounds are caused by movement of fluid and secretions in 
larger airways (asthma, viral URI). Rhonchi, unlike other sounds, 
may clear with coughing. 


TABLE 2.6 Physical Signs of Pulmonary Disease 


Disease 
Process 


Consolidation 
(pneumonia) 


Bronchospasm 


Atelectasis 


Mediastinal 
Deviation 


No 


Shift toward 


Chest 
Motion 


Reduced over 
area, splinting 


Hyperexpansion 
with limited 
motion 


Reduced over 


Fremitus 
Increased 


Normal or 
decreased 


Decreased 


Percussion 
Dull 


Hyperresonant 


Dull 


Breath 
Sounds 


Bronchial or 
reduced 


Normal to 
decreased 


Reduced or 


Adventitious 
Sounds 


Crackles 


Wheezes, crackles 


None or crackles 


Voice Signs 

Egophony, * 
whispering 
pectoriloquy 
increased’ 

Normal to 
decreased 


None 


lesion area absent 
Resonant, None None None 


tympanitic 


Tension deviates Reduced over None 
trachea and PMI area 
to opposite side 


Pneumothorax 


Deviation to Reduced over Dull 
opposite side area 


Pleural 
effusion 


Friction rub; splash, if 
hemopneumothorax 


*Egophony is present when e sounds like a. 

"Whispering pectoriloguy produces clearer sounding whispered words (e.g., “ninety-nine”). 

PMI, point of maximal impulse. 

Modified from Dantzker D, Tobin M, Whatley R. Respiratory diseases. In: Andreoli TE, Carpenter CJ, Plum F, Smith LH, eds. Cecil Essentials of 
Medicine. Philadelphia: WB Saunders; 1986:126-180. 
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° Wheezes are continuous musical sounds (lasting longer than 200 
msec), caused by vibration of narrowed airway walls, as with 
asthma, and perhaps vibration of material within airway lumens. 
These sounds are much more commonly heard during expiration 
than inspiration. 


® Diagnostic Studies 

Radiography 

The chest radiograph is often the most useful diagnostic test in the 
evaluation of the child with cough. Table 2.7 highlights some of the 
radiographic features of the most common causes of cough in pediat- 
ric patients. Radiographic findings are often similar for a number of 
disorders, and thus these studies may not indicate a definitive diagno- 
sis. Chest radiographs are normal in children with psychogenic (habit) 
cough and in children with sinusitis or gastroesophageal reflux (GER) 
as the primary cause of cough. A normal chest radiograph indicates 
the unlikelihood of pneumonia caused by respiratory syncytial virus 
(RSV), influenza, parainfluenza, adenovirus, Chlamydia species, or 
bacteria. Although children with cough resulting from cystic fibrosis 
(CF), Mycoplasma species, tuberculosis, aspiration, a bronchial foreign 
body, or an anatomic abnormality usually have abnormal chest radio- 
graphs, a normal radiograph does not exclude these diagnoses. Hyper- 
inflation of the lungs is commonly seen on chest radiographs of infants 
with RSV bronchiolitis or Chlamydia pneumonia, and a lobar or round 
(coin lesion) infiltrate is the radiographic hallmark of bacterial pneu- 
Left monia. The diagnosis of sinusitis cannot be sustained with normal 
sinuses on radiograph or computed tomography (CT) scan. 


Posterior 


Anterior 


FIGURE 2.5 Projections of the pulmonary lobes on the chest surface. 
The upper lobes are white, the right-middle lobe is black, and the lower Hematology/Immunology 
lobes are purple. (From Pasterkamp H. The history and physical exami- 


nation. In: Chernick V, ed. Kendig s Disorders of the Respiratory Tract PaO Wai ERO E E Comping vel p O 


in Children. 6th ed. Philadelphia: WB Saunders: 1998.) entities for a differential diagnosis. For example, a WBC count of 
Inspiration 
Expiriation 
Tracheal 
Bronchial 


Bronchovesicular — 


Vesicular 
Characteristic Tracheal Bronchial Bronchovesicular Vesicular 
Intensity Very loud Loud Moderate Soft 
Pitch Very high High Moderate Low 
I:E ratio* 1:1 1:3 1:1 3:1 
Description Harsh Tubular Rustling, but tubular Gentle rustling 


Normal locations Extrathoracic trachea Manubrium Over mainstem bronchi Most of peripheral lung 


*Ratio of duration of inspiration to expiration. 


FIGURE 2.6 Characteristics of breath sounds. Tracheal breath sounds are very harsh, loud, and high-pitched; 
they are heard over the extrathoracic portion of the trachea. Bronchial breath sounds are loud and high-pitched; 
normally, they are heard over the lower sternum and sound like air rushing through a tube. The expiratory 
component is louder and longer than the inspiratory component; a definite pause is heard between the two 
phases. Bronchovesicular breath sounds are a mixture of bronchial and vesicular sounds. The inspiratory (l) 
and expiratory (E) components are equal in length. They are usually heard only in the first and second inter- 
spaces anteriorly and between the scapulae posteriorly, near the carina and mainstem bronchi. Vesicular 
breath sounds are soft and low-pitched; they are heard over most of the lung fields. The inspiratory component 
is much longer than the expiratory component; the latter is softer and often inaudible. (From Swartz MH, ed. 
The chest. In: Textbook of Physical Diagnosis: History and Examination. Philadelphia: WB Saunders; 1989.) 
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SECTION 1 Respiratory Disorders 


35,000 with 85% lymphocytes strongly suggests pertussis, but not 
every child with pertussis presents such a clear hematologic picture. 
The presence of a high number or large proportions of immature 
forms of WBCs suggests an acute process, such as a bacterial infection. 
Immunoglobulins provide supportive evidence for a few diagnoses, 
such as chlamydial infection, which rarely occurs without elevated 
serum concentrations of immunoglobulins G and M. 


Bacteriology/Virology 


Specific bacteriologic or virologic diagnoses can be made in a number 
of disorders causing cough, including RSV, influenza, parainfluenza, 
adenovirus, and Chlamydia pneumonia. In most cases, the viruses can 
be rapidly identified with amplification of the viral gnome through 
polymerase chain reaction (PCR). In bacterial pneumonia, the offend- 
ing organism can be cultured from the blood in a small proportion 
(10%) of patients. A positive culture provides definitive diagnosis, but 
a negative culture specimen is not helpful. Throat cultures are seldom 
helpful (except in CF) in identifying lower respiratory tract bacterial 
organisms. Sputum cultures and Gram stains may help guide initial 
empirical therapy in older children with pneumonia or purulent bron- 
chitis, but their ability to identify specific causative organisms with 
certainty (with the exception of CF) has not been shown clearly. 

Infants and young children usually do not expectorate but rather 
swallow their sputum. Specimens obtained via bronchoscopy may be 
contaminated by mouth flora, but heavy growth of a single organism 
in the presence of polymorphonuclear neutrophils certainly supports 
the organism’s role in disease. If pleural fluid or fluid obtained directly 
from the lung via needle aspiration is cultured, the same rules apply: 
Positive cultures are definitive, but negative cultures are not. 


Other Tests 


A number of specific tests can help to establish diagnoses in a child 
with cough (see Table 2.7). These include a positive response to bron- 
chodilators in a child with asthma; visualizing the red, swollen epiglot- 
tis in epiglottitis (to be done only under very controlled conditions); 
the bronchoscopic visualization of the peanut, plastic toy, or other 
offender in foreign body aspiration; a positive purified protein 


TABLE 2.8 Laboratory Tests for Cystic Fibrosis 


Usefulness Test 


Sweat chloride test 
DNA analysis 


Definitive 

Suggestive Throat or sputum culture” positive for mucoid 
Pseudomonas aeruginosa 

Sinus radiographs 

Pansinusitis 

Positive IRT newborn screen 


Fecal elastase 
Pulmonary function tests: 


Supportive 


derivative (PPD) or Quantiferon assay in tuberculosis; and several 
studies of the esophagus in GER. Several imaging techniques, such as 
CT or magnetic resonance imaging (MRI), can help to delineate 
various intrathoracic anatomic abnormalities, pulmonary embolism, 
and bronchiectasis. Multiple tests can be employed to confirm the 
diagnosis of CF (Table 2.8). 


© Differential Diagnosis and Treatment 

Infection 

Infections are the most common cause of acute cough in all age groups 
and are responsible for some chronic coughs. The age of the patient 
has a large impact on the frequency of the type of infection. 

Infections in infants. Viral upper respiratory infections (common 
cold); croup (laryngotracheobronchitis); viral bronchiolitis, particu- 
larly with RSV or human metapneumovirus; and viral pneumonia 
are the most frequently encountered respiratory tract infections and 
hence the most common causes of cough in infancy. Viral illness 
may predispose to bacterial superinfection (croup and Staphylococcus 
aureus tracheitis or influenza and H. influenzae or S. aureus 
pneumonia). 

Viral upper respiratory infections (URI). Viral URI symptoms 
and signs usually include stuffy nose with nasal discharge, sore throat, 
and sneezing. There may be fever, constitutional signs (irritability, 
myalgias, and headache), or both. Cough is common and may persist 
for 5-7 days. The mechanism by which URIs cause cough in children 
is undetermined. In adults, it is generally thought that “postnasal 
drip’—that is, nasal or sinus secretions draining into the posterior 
nasopharynx—causes cough and, in fact, may be one of the most 
frequent causes of cough. Indeed, sinus CT in older patients with URIs 
often reveals unexpected involvement of the sinus mucosa. Other 
authorities believe that cough in a child with a URI indicates involve- 
ment (inflammation or bronchospasm) of the lower respiratory tract. 
Over-the-counter cough and cold medications are commonly used. 
Evidence of efficacy of these medications for children with URI is 
lacking. Because of the known risk for unintentional overdose from 
these medications, their use is not recommended in children under age 
4 years. 


Sensitivity Specificity Cost 
99+ 95+ $96 
.85—.90 99 $962 
.70-.80 .85 $183 


$179 
$1 


$587 
$100-$800 


Obstructive pattern, especially small airways and especially 


if patient is poorly responsive to bronchodilator 
Chest radiograph: 


$160 


Hyperinflation, + other findings; especially with right upper 


lobe infiltrate/atelectasis 
Throat or sputum culture”: 
Positive for Staphylococcus aureus 
Positive for Haemophilus influenzae 


*Throat is usually deep pharyngeal culture. 
IRT, immunoreactive trypsinogen. 


$183 


Common viral pathogens include rhinovirus, RSV, coronaviruses, 
and parainfluenza viruses. The differential diagnosis includes allergic 
rhinitis, which often demonstrates clear nasal secretions with eosino- 
phils and pale nasal mucosa, and sinusitis, which presents with muco- 
purulent nasal secretions containing neutrophils and erythematous 
mucosa. 

Croup (laryngotracheobronchitis). Infectious croup (see Chapter 
3) is most common in the first 2 years of life. Its most dramatic com- 
ponents are the barking (“croupy”) cough and inspiratory stridor, 
which appear a few days after the onset of a cold. In most cases, the 
patient has a low-grade fever, and the disease resolves within a day or 
two. In severe cases, the child can be extremely ill and is at risk for 
complete laryngeal obstruction. There may be marked intercostal and 
suprasternal retractions and cyanosis. Stridor at rest signifies significant 
obstruction. Diminishing stridor in a child who is becoming more 
comfortable is a good sign, but diminishing stridor in and of itself is 
not necessarily good: If the child becomes fatigued because of the 
tremendous work of breathing through an obstructed airway and can 
no longer breathe effectively, smaller-than-needed tidal volumes make 
less noise. 

It is important to distinguish croup from epiglottitis in the child 
with harsh, barking cough and inspiratory stridor because the natural 
histories of the two diseases are quite different (see Table 2.7). Epiglot- 
titis occurs more commonly in unimmunized toddlers than in infants 
(see Chapter 3). 

Treatment of mild croup is usually not needed. For decades, pedia- 
tricians have recommended putting a child with croup in a steamy 
bathroom or driving to the office or emergency department with the 
car windows rolled down. It is likely that these remedies are effective 
because of the heat exchange properties of the upper airway; air that 
is cooler or more humid than the airway mucosa will serve to cool the 
mucosa, thus causing local vasoconstriction and probably decreasing 
local edema. 

In a child who has stridor at rest, evaluation is indicated. Symp- 
tomatic, often dramatic relief through decreased laryngeal edema can 
usually be achieved with aerosolized racemic epinephrine (2.25% solu- 
tion, 0.25 to 0.5 mL/dose). It is essential to remember that the effects 
of the epinephrine are transient, lasting only a few hours, although the 
course of the illness is often longer. The result is that when the racemic 
epinephrine’s effect has worn off, the child’s cough and stridor will 
probably be as bad or even worse than before the aerosol was admin- 
istered. This is not a “rebound” effect: The symptoms are not worse 
because of the treatment but, rather, because of the natural progression 
of the viral illness. Repeating the aerosol will probably again have a 
beneficial effect. A child who responds favorably to such an aerosol 
needs to be observed for several hours because further treatment may 
be needed. A single dose of dexamethasone (0.6 mg/kg orally, intra- 
muscularly, or intravenously) reduces the severity and hastens recov- 
ery. Aerosolized steroids (budesonide) may also be effective in patients 
with mild to moderately severe croup. 

Bronchiolitis. Bronchiolitis is a common and potentially serious 
lower respiratory tract disorder in infants (see Chapter 3). It is caused 
usually by RSV but on occasion by parainfluenza, influenza, human 
metapneumovirus, adenovirus, enterovirus, and human rhinovirus. It 
mostly occurs in the winter months, often in epidemics. RSV bronchi- 
olitis is seen uncommonly in children older than 4 years. Typically, 
“cold-like” symptoms of rhinorrhea precede the harsh cough, increased 
respiratory rate, and retractions. Respiratory distress and cyanosis can 
be severe. The child’s temperature is seldom elevated above 38°C. 

The chest is hyperinflated, widespread crackles are audible on 
inspiration, and wheezing marks expiration. The chest radiograph 
invariably reveals hyperinflation, as depicted by a depressed 
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diaphragm, with an enlarged retrosternal air space in as many as 60% 
of patients, peribronchial thickening in approximately 50%, and con- 
solidation and/or atelectasis in 10-25%. 

The diagnosis is confirmed with demonstration of RSV by PCR of 
nasopharyngeal secretions. In most cases, no treatment is needed 
because the disease does not interfere with the infant’s eating or breath- 
ing. Apnea is acommon complication of RSV bronchiolitis in neonates 
and may necessitate close monitoring. In severe cases, often those in 
which there is underlying chronic heart, lung, or immunodeficiency 
disease, RSV can be life-threatening. In severe cases, hospital care with 
supplemental oxygen and intravenous fluids is indicated. Suctioning 
of secretions is an essential part of the treatment. Many other treat- 
ment modalities have been tried for hospitalized infants with bronchi- 
olitis. Aerosolized bronchodilators and systemic glucocorticoids do not 
seem to alter clinical outcome and are not recommended in most 
patients. Nebulized saline may reduce the length of hospitalization. Use 
of high-flow nasal cannula may reduce the need for more invasive 
forms of respiratory support in infants with impending respiratory 
failure. 

Viral pneumonia. Viral pneumonia can be similar to bronchiolitis 
in its manifestation, with cough and tachypnea, after a few days of 
apparent URI. There can be variable degrees of fever and of overall 
illness. Infants and children with viral pneumonia may appear rela- 
tively well or, particularly with adenovirus or influenza, may have a 
rapidly progressive course. Frequent symptoms include poor feeding, 
cough, cyanosis, fever (some patients may be afebrile), apnea, and 
rhinorrhea. Frequent signs include tachypnea, retractions, crackles, 
and cough. Cyanosis is less common. 

The most common agents causing viral pneumonia in infancy and 
childhood are RSV, influenza, and parainfluenza. Adenovirus is less 
common, but it is important because it can be severe and leave residua, 
including bronchiectasis and bronchiolitis obliterans. Adenovirus 
pneumonia is often accompanied by conjunctivitis and pharyngitis, in 
addition to leukocytosis and an elevated erythrocyte sedimentation 
rate (ESR); the ESR and leukocyte count are usually not elevated in 
other types of viral pneumonia. Additional viral agents include entero- 
viruses, human metapneumovirus and rhinovirus. Radiographs most 
often reveal diffuse, bilateral peribronchial infiltrates, with a predilec- 
tion for the perihilar regions, but occasionally lobar infiltrates are 
present. Pleural effusions are not common. On occasion, if an infant 
is extremely ill, bronchoscopy with bronchoalveolar lavage may be 
indicated to isolate the virus responsible for the pneumonia. 

Treatment is largely supportive, with oxygen and intravenous fluids. 
Mechanical ventilation may be necessary in a small minority of infants. 

In young infants, the afebrile pneumonia syndrome may be caused 
by Chlamydia, Ureaplasma, or Mycoplasma species; cytomegalovirus; 
or Pneumocystis jiroveci. In this syndrome, cough and tachypnea are 
common. Severe pneumonia may develop in neonates as a result of 
herpes simplex. 

Pertussis (whooping cough). Pertussis is a relatively common 
cause of lower respiratory tract infection in infants, children, adoles- 
cents, and adults, especially in those who are underimmunized or not 
immunized. The causative organism, Bordetella pertussis, has a tropism 
for tracheal and bronchial ciliated epithelial cells; thus the disease is 
primarily bronchitis, but spread of the organism to alveoli, or second- 
ary invasion by other bacteria, can cause pneumonia. The disease can 
occur at any age, from early infancy onward, although its manifesta- 
tions in young infants and in those who have been partially immunized 
may be atypical. 

Most commonly, pertussis has three stages: 

° Catarrhal, in which symptoms are indistinguishable from a 
viral URI 
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(See Nelson Textbook of Pediatrics, p. 2032.) 


(See Nelson Textbook of Pediatrics, p. 2091.) 
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° Paroxysmal, dominated by repeated forceful, paroxysmal coughing 
spells; spells may be punctuated by an inspiratory “whoop,” post- 
tussive emesis, or both 

° Convalescent, in which the intensity and frequency of coughing 
spells gradually diminish 
Each stage typically lasts 1-2 weeks, except the paroxysmal stage, 

which lasts many weeks. (Pertussis is known as the “100 day cough” in 

China.) Most children are entirely well between coughing spells, when 

physical findings are remarkably benign. Infants younger than 6 

months of age are at highest risk for complications. The majority of 

infants with pertussis need to be hospitalized. 

Diagnosis can be difficult because the definitive result—namely, 
culturing the organism from nasopharyngeal secretions—requires 
special culture medium (Bordet-Gengou, which must be prepared 
fresh for each collection). Culture specimens are much less likely to be 
positive during the paroxysmal stage than during the catarrhal stage, 
when the diagnosis is not being considered. PCR assay of an adequate 
nasopharyngeal (NP) specimen is the most commonly used test 
because of improved sensitivity and faster turnaround time compared 
to culture. An elevated WBC count, as high as 20,000-50,000, with 
lymphocytes predominating is suggestive of pertussis in infants 
and children but often absent in adolescents. Chest radiographic 
findings are nonspecific. Infants with severe disease may require 
hospitalization. 

Treatment is largely supportive, with oxygen, fluids, and small fre- 
quent feedings for patients who do not tolerate their normal feedings. 
Treatment with azithromycin decreases infectivity and may ameliorate 
the course of the disease if given during the catarrhal stage. 

Complications include those related to severe coughing (Table 2.9) 
and those specific to pertussis, such as seizures and encephalopathy. 
The risk of acquiring pertussis is markedly reduced by immunizations 
(three primary immunizations and regular booster immunizations). 
Neither pertussis infection nor immunization produces lifelong 
immunity. 

Chlamydial infection. Chlamydia trachomatis can cause pneumo- 
nia in young infants, particularly those aged 3-12 weeks. Cough, nasal 
congestion, low-grade or no fever, and tachypnea are common. Con- 
junctivitis is an important clue to chlamydial disease but is present in 
only 50% of infants with chlamydial pneumonia at the time of presen- 
tation. Affected infants may have a paroxysmal cough similar to that 
of pertussis, but post-tussive emesis is less common. Crackles are com- 
monly heard on auscultation, but wheezing is much less common than 
the overinflated appearance of the lungs on radiographs would suggest. 
The organism may be recovered from the nasopharynx by culture or 
antigen testing. The complete blood cell count may reveal eosinophilia. 
Chlamydial infection responds to oral erythromycin therapy. 

Ureaplasmal infection. Ureaplasma urealyticum pneumonia is dif- 
ficult to diagnose but causes cough in some infants. There are no 
particularly outstanding features to distinguish this relatively uncom- 
mon infection from viral pneumonias. 

Bacterial pneumonia. Bacterial pneumonia is relatively less 
common in infants than is viral pneumonia but can cause severe 
illness, with cough, respiratory distress, and fever. Chest radiographs 
are abnormal, and the WBC count is elevated. 

Treatment is with antibiotics effective against pneumococci, group 
A streptococci, and, if illness is severe, S. aureus. 

Infections in toddlers and children 
Viral URIs. In early childhood, as children attend daycare and 

nursery schools, they are constantly exposed to respiratory viruses to 

which they have little or no immunity (e.g., RSV, rhinoviruses, adeno- 
viruses, parainfluenza, and enteroviruses). Young children may have as 
many as 6-8 or even more URIs in a year. The remarks concerning 


colds and cough in infants (see previous discussion) apply to this older 
age group. The differential diagnosis of rhinorrhea is noted in 
Table 2.10. 

Sinusitis. The sinuses may become the site for viral and subse- 
quent secondary bacterial infection spreading from the nasopharynx 
(Fig. 2.7). The signs and symptoms are usually localized, including 
nasal congestion, a feeling of “fullness” or pain in the face (Fig. 2.8), 
headache, sinus tenderness, day or night cough, and fever. Maxillary 
toothache, purulent nasal discharge for more than 10 days, and a posi- 
tive transillumination (opacification) are important clues. Sinus radio- 
graphs or (more accurate) CT scan may facilitate the diagnosis of 
sinusitis by demonstrating opacification of the sinus with mucosal 
thickening. Sinusitis is thought to be a cause of cough in adults and 
can probably be listed, with lower certainty, as a cause of cough in 
children. 

Sinusitis is frequently seen in other conditions known to cause 
cough, especially CF, asthma, ciliary dyskinesia, and granulomatosis 
with polyangiitis with or without eosinophilia. It may be difficult to 
ascertain whether the cough is a direct result of the sinus infection or 
the underlying problem (purulent bronchitis in the child with CF or 
ciliary dyskinesia, exacerbation of asthma). In the first two situations, 
it may not matter because treatment is the same. In the case of the 
child with asthma, it is important to treat the asthma with broncho- 
dilating and antiinflammatory agents, as well as to treat the infected 
sinuses with antibiotics. 


TABLE 2.9 Potential Complications 
of Cough 


Rib fractures 

Vertebral fractures 

Rupture of rectus abdominis muscle 

Asymptomatic elevation of serum creatine 
phosphokinase 


Musculoskeletal 


Chest wall pain” 
Bronchoconstriction 
Pneumomediastinum 
Pneumothorax 

Mild hemoptysis 
Subcutaneous emphysema 
Irritation of larynx and trachea 


Pulmonary 


Cardiovascular Rupture of subconjunctival,* nasal,“ and anal veins 
Bradycardia, heart block 


Transient hypertension 


Central nervous 
system 


Cough syncope 
Headache 
Subarachnoid hemorrhage 


Gastrointestinal Hernias (ventral, inguinal) 
Emesis 
Rectal prolapse 


Pneumoperitoneum 


Anorexia* 

Malnutrition 

Sleep loss* 

Urinary incontinence 

Disruption of surgical wounds 

Vaginal prolapse 

Displacement of intravenous catheters 


Miscellaneous 


*Common. 
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(See Nelson Textbook of Pediatrics, p. 2014.) 


TABLE 2.1O Differential Diagnosis of Rhinorrhea 


Etiology 

Viral 

Allergic 

Vasomotor 

Sinusitis 

Rhinitis medicamentosusa 
Response to stimuli 


Frequency 


Common 
Common 
Common 
Common 
Common 
Common 


Duration* 


Acute 


Acute/Chronic 


Chronic 
Chronic 
Chronic 
Acute 


Discharge 


Purulent 
Clear 
Variable 
Purulent 
Variable 
Clear 
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Comment 

Polymorphonuclear neutrophils in smear 
Eosinophils in smear, seasonal 

? Environmental triggers 

Sinus tenderness 

Medication use 

Odors, exercise, cold air, pollution 


Nasal polyps Uncommon Chronic 


Granulomatous disease Uncommon Chronic 


Cerebrospinal fluid fistula Uncommon Chronic 


Foreign body Uncommon Chronic 


Tumor Uncommon Chronic 


Choanal atresia, stenosis Uncommon Chronic 


Nonallergic eosinophilic rhinitis syndrome Uncommon Chronic 
septal deviation Unknown Chronic 


Drugs Uncommon Chronic 


Hypothyroidism Uncommon Chronic 


Cluster headache Uncommon Intermittent 


Horner syndrome Uncommon Chronic 


*Less than 1 week is considered acute. 


Y 


WEG 
af 


ASI 


Z 


Variable Consider cystic fibrosis 


Bloody sarcoid, Granulomatosis with polyangiitis, midline 


granuloma 
Watery Trauma, encephalocele 
Purulent Often malodorous 


Clear to bloody Angiofibroma, hemangioma, rhabdomyosarcoma, 


lymphoma, nasopharyngeal carcinoma, neuroblastoma 
Clear to purulent Congenital 
Clear Eosinophils in smear 
Clear Congenital, trauma 


Variable Cocaine, glue and organic solvents, angiotensin- 


converting enzyme inhibitors, B blockers 
Clear 
Clear Associated tearing, headache 
Clear Ptosis, miosis, anhidrosis 


FIGURE 2.7 The paranasal sinuses. 7, Frontal. 2, Ethmoid. 3, Maxillary. 4, Sohenoid. (From Smith RP. 
Common upper respiratory tract infections. In: Reilly B, ed. Practical Strategies in Outpatient Medicine. 2nd 


ed. Philadelphia: WB Saunders; 1991.) 


The treatment of sinusitis involves the use of oral antibiotics active 
against the common pathogens (1.e., Streptococcus pneumoniae, non- 
typable H. influenzae, Moraxella catarrhalis, and, in rare cases, anaero- 
bic bacteria or Streptococcus pyogenes). Treatment regimens include the 
use of amoxicillin, amoxicillin-clavulanate, cefuroxime, cefpodoxime, 
or cefdinir. Amoxicillin is considered the initial agent of choice. 
Oral (pseudoephedrine, phenylephrine) or topical (phenylephrine, 


oxymetazoline) decongestants may be of benefit by increasing the 
patency of the sinus ostia, which permits drainage of the infected and 
obstructed sinuses. Oral antihistamines may benefit patients with an 
allergic history. Treatment with antimicrobial agents should continue 
for at least 7 days after the patient has responded. This may require 
14-21 days of therapy. Many patients with presumed sinusitis recover 
without antibiotic therapy. 
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Complications of acute sinusitis include orbital cellulitis, abscesses 
(orbital, cerebral), cranial (frontal) osteomyelitis (Pott puffy tumor), 
empyema (subdural, epidural), and thrombosis (sagittal or cavernous 
sinus). 

Pneumonia. The features discussed for viral pneumonia in infants 
are relevant for viral pneumonia in older children. The differentiation 
of viral or atypical pneumonia from classical bacterial pneumonia is 
noted in Table 2.11. Adenovirus and influenza pneumonia may present 
similar to bacterial pneumonia in severity and acuteness. 

Bacterial pneumonia is more common in toddlers and older 
children than in infants. The most common pathogen is S. pneu- 
moniae. (Table 2.12). Cough may not be as prominent a presenting 
Ethmoid symptom or sign as tachypnea and grunting. Raised respiratory rates 

(>50 in infants 2-12 months old, >40 in children 1-5 years old) 

plus retractions and grunting with or without hypoxia (oxygen satu- 
Maxillary ration <90%) have a high specificity and sensitivity for pneumonia. 
Chest pain, abdominal pain, headache, or any combination of these 
symptoms may occur. Upper lobe pneumonia may produce meningeal 
signs, and lower lobe involvement may cause abdominal pain and 
an ileus. 

Examination of the chest shows tachypnea but may be otherwise 
surprisingly normal. In older children, there may be localized dullness 
to percussion, with crackles or amphoric (bronchial) breath sounds 
over a consolidated lobe. The chest radiograph may be normal in the 
first hours of the illness, inasmuch as the radiographic findings often 
lag behind the clinical manifestations. Nonetheless, both anterior- 
sites of acute sinusitis. (From Smith RP. Common upper respiratory posterna : ane ii i. on meman k re tooi tobat pd 
tract infections: In: Reilly B, ed. Practical Strategies in Outpatient Medi- solidation is usual, with or without pleural effusion. In infants, the 
cine. 2nd ed. Philadelphia: WB Saunders; 1991.) pattern may be more diffuse and extensive. 


Sphenoid 


Frontal 


FIGURE 2.8 Typical pain locations in patients with various anatomic 


TABLE 2.11 Differentiation of Classical Bacterial Pneumonia from Viral and 
Atypical Pneumonias 


Bacterial Viral/Atypical 
History Precedent URI Headache, malaise, URI, myalgias 
Course Often biphasic illness Often monophasic 
Onset Sudden Gradual 
Temperature High fever Low-grade fever 
Rigors Common Uncommon 
Vital signs Tachypnea, tachycardia Usually normal 
Pain Pleuritic Unusual 
Chest examination Crackles, signs of consolidation Consolidation unusual 
Pleural effusion Common Uncommon 


Sputum Productive, purulent, many PMNs, one dominant scant, no organisms; PMNs or mononuclear cells 
Organism on Gram stain 


ESR Elevated Usually normal 


WBC count Elevated; left shift Often normal: predominant lymphocytes 


Chest radiography Lobar consolidation, round infiltrate, parapneumonic Diffuse, bilateral, patchy, interstitial or bronchopneumonia; lower lobe 
effusion; may be “bronchopneumonia” involvement common; chest radiograph may look worse than patient's condition 


Progression May be rapid Rapid if Legionella species, hantavirus, SARS, herpesvirus, adenovirus 


Diagnosis Blood, sputum, and pleural fluid specimens for culture; Viral, chlamydial culture or PCR detection; acute and convalescent titers; BAL if 
antigen detection possible; BAL if progressive progressive 


* Atypical pneumonias include Chlamydia pneumoniae, Mycoplasma pneumoniae, Legionella species (L. pneumophila, L. micdadei), Q fever, 
osittacosis. 

BAL, bronchoalveolar lavage; ESR, erythrocyte sedimentation rate; PMNs, polymorphonuclear neutrophils; SARS, severe acute respiratory 
syndrome; URI, upper respiratory tract infection; WBC, white blood cell. 


TABLE 2.12 Causes of Infectious Pneumonia 


Bacterial 


Common 


Streptococcus pneumoniae see Table 2.11 
Neonates 
see Table 2.11 


Adolescents; summer-fall 
epidemics 


Adolescents (see Table 2.11) 
Infants 


Group B streptococci 
Group A streptococci 
Mycoplasma pneumoniae* 


Chlamydia pneumoniae* 
Chlamydia trachomatis 
Mixed anaerobes Aspiration pneumonia 


Gram-negative enteric Nosocomial pneumonia 


Uncommon 


Haemophilus influenzae type B see Table 2.11 


Staphylococcus aureus Pneumatoceles; infants 
Moraxella catarrhalis 

Neisseria meningitidis 
Francisella tularensis Animal, tick, fly contact 
Nocardia species Immunosuppressed persons 
Chlamydia psittaci” Bird contact 
Yersinia pestis Plague 


Legionella species" Exposure to contaminated water; 


nosocomial 


Viral 
Common 
Respiratory syncytial virus see Table 2.11 


Parainfluenza types 1-4 Croup, Type 3 and 4 seen in the 


summer 
Influenza A, B High fever; winter months 
Adenovirus Can be severe; occurs all year 
round 
Human metapneumovirus Similar to RSV 
Rhinovirus Rhinorrhea 
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Uncommon 
Enterovirus 


Herpes simplex 
Cytomegalovirus 
Measles 
Varicella 
Hantavirus 
SARS agent 


Fungal 
Histoplasma capsulatum 


Cryptococcus neoformans 
Aspergillus species 
Mucormycosis 
Coccidioides immitis 
Blastomyces dermatitidis 


Rickettsial 
Coxiella burnetii* 


Rickettsia rickettsiae 


Mycobacterial 
Mycobacterium tuberculosis 


Mycobacterim avium—intracellulare 


Parasitic 
Pneumocystis jiroveci 


Eosinophilic 


Neonates 

Neonates 

Infants, immunosuppressed persons 
Rash, coryza, conjunctivitis 
Adolescents 

southwestern United States 

Asia 


Geographic region; bird, bat contact 
Bird contact 

Immunosuppressed 
Immunosuppressed 

Geographic region 

Geographic region 


Q fever, animal (goat, sheep, cattle) 
exposure 


Tick bite 


See Table 2.14 
Immunosuppressed persons 


Immunosuppressed, steroids 


Various parasites (e.g., Ascaris, 
Strongyloides species) 


*Atypical pneumonia syndrome (see Table 2.11); atypical in terms of extrapulmonary manifestations, low-grade fever, patchy diffuse infiltrates, 
poor response to penicillin-type antibiotics, and negative soutum Gram stain. 


SARS, severe acute respiratory syndrome. 


Some clinical and radiographic features may be suggestive of the 
bacterial cause of pneumonia. Children (especially infants) with staph- 
ylococcal pneumonia are more likely to have a rapid overwhelming 
course. Staphylococcal pneumonia may be accompanied by more 
extensive radiographic abnormalities, including multilobar consolida- 
tion, pneumatocele formation, and extensive pleural (empyema) fluid. 
The presence of a pleural effusion is not helpful in indicating the spe- 
cific bacterial diagnosis because other bacterial pneumonias may be 
accompanied by pleural effusion. Pleural effusions may represent a 
reactive parapneumonic effusion or an empyema. Pleural fluid may be 
characterized as transudate, exudate, or empyema (‘Table 2.13). If the 
effusion is of sufficient size, as demonstrated by a lateral decubitus 
radiograph or ultrasonography, a thoracentesis may be indicated to 
differentiate the nature of the effusion and to identify possible patho- 
gens. For young children who require sedation for thoracentesis and 
who have an effusion needing drainage, a primary chest tube place- 
ment is preferred over thoracentesis to decrease the risks from multiple 
procedures with sedation. 


Differentiating among the causes of bacterial pneumonia can be 


done with certainty only with positive cultures from blood, pleural 
fluid, fluid obtained by direct lung tap, or, in rare cases, sputum. 
Current or previous antibiotic treatment diminishes the yield of such 
cultures. Bronchoscopy with or without lavage may yield helpful speci- 
mens from the progressively ill child or the child who has not responded 
promptly to empirical antibiotics. 

Treatment of uncomplicated presumed bacterial pneumonia is with 
antibiotics. Ampicillin is the drug of choice for the previously healthy 
child who requires hospitalization with lobar pneumonia who is fully 
immunized. If the child is not fully immunized, either cefotaxime or 
ceftriaxone is indicated. For the critically ill child, vancomycin and 
cefotaxime/ceftriaxone may be considered for possible drug-resistant 
S. pneumoniae and methicillin-resistant S aureus (MRSA). Many chil- 
dren with pneumonia do well with oral antibiotics and respond within 
hours to the first dose. Repeated or follow-up chest radiographs may 
remain abnormal for 4-6 weeks after appropriate treatment and are 
not indicated for a single episode of uncomplicated pneumonia (ie., 
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TABLE 2.13 Differentiation of Pleural Fluid 


Transudate Exudate Complicated Empyema 


Purulent 
>5000 


Appearance Clear 
<1000 
Cell type Lymphocytes, monocytes PMNs PMNs 
LDH <200 U/L >200 U/L >1000 U/L 
Pleural/serum LDH ratio <0.6 >0.6 >0.6 
Protein >3 g 


Cloudy 


Cell count >1000 


Unusual Common Common 
Pleural/serum protein ratio 5 >0.5 2015 

Very low* (<40 mg/dL) 
</.20 


>85% positive unless patient received prior antibiotics 


Glucose” Normal Low 
pH* Normal (7.40-7.60) 7.20-7.40 
Gram stain Usually positive 


Negative 


*Low glucose or pH may be seen in malignant effusion, tuberculosis, esophageal rupture, pancreatitis (positive pleural amylase), and 
rheumatologic diseases (e.g., systemic lupus erythematosus). 
LDH, lactate dehydrogenase; PMNs, polymorphonuclear neutrophils. 


no effusion, no abscess, and good response to treatment). Mycoplasma 
pneumoniae is a common cause of pneumonia among school-aged 
children. The disease often occurs in community outbreaks in the fall. 
The illness typically begins with extrapulmonary symptoms (i.e., sore Test (5 TU) 

throat, myalgias, headache, fever), which then progress to include Cutaneous Induration >5 mm 

cough, which can be paroxysmal at times. Patients do not often appear e Close exposure to known or suspected active TB 
acutely ill, but cough may persist for weeks. There may be no specific 
abnormalities on the chest examination, although a few crackles may 
be heard, and about one third of younger patients wheeze. 

The radiographic findings in mycoplasmal pneumonia can mimic 
almost any intrathoracic disease; scattered infiltrates with nonspecific 
“dirty” lung fields, predominantly perihilar or lower lobes, are common, 
and lobar infiltrates and pleural effusion are occasionally seen. Labora- 
tory data (complete blood cell count, ESR, sputum culture) may not 
be helpful. A rise in antimycoplasma immunoglobulin G over 1-2 
weeks may be demonstrated but is seldom helpful in guiding therapy. 
A positive immunoglobulin M response may be useful, although it can 
persist in serum for several months and, consequently, may not indi- 
cate current infection. PCR is helpful. The cold agglutinin test yields 
positive results in about 70% of patients with mycoplasmal pneumo- 
nia, but they are also positive in other conditions, including adenovirus 
infection. The more severe the illness is, the greater is the frequency of 
positive cold agglutinins. The diagnosis is often made from the history 
of an older child who has a lingering coughing illness in the setting of 
a community outbreak, unresponsive to most (nonerythromycin) 
antibiotic regimens. 

Treatment with azithromycin, clarithromycin, or erythromycin in 
children <8 years old or tetracycline or doxycycline in children 28 
years old usually shortens the course of illness. Extrapulmonary 
complications of mycoplasmal infection include aseptic meningitis, 
transverse myelitis, peripheral neuropathy, erythema multiforme, 
myocarditis, pericarditis, hemolytic anemia, and bullous otitis media 
(myringitis). In patients with sickle cell anemia, severe respiratory 
failure and acute chest syndrome may develop. Infection with Chla- 


TABLE 2.14 Definitions of Positive 
Tuberculosis (TB) by Mantoux Skin 


Chest radiograph consistent with TB (old or active) 

Clinical evidence of TB 

Children receiving immunosuppresive therapy or with immunosuppressive 
conditions 


Cutaneous induration 210 mm 

Children at increased risk 

e Age < 4yr of age 

e Medical high risks (chronic renal failure, malnutrition, diabetes mellitus, 
lymphoma) 


Children with likelihood of increased exposure 


Children born in high-prevalence regions of the world 

Children who travel to high-prevalence regions of the world 

Children frequently exposed to adults who are HIV infected, homeless, 
users of illicit drugs, residents of nursing homes, incarcerated, or 
institutionalized 


Cutaneous Induration 215 mm 
e All children >4 yr of age without any identifiable risk 


*BCG vaccination status not relevant. 

BCG, bacille Calmette-Guérin; HIV, human immunodeficiency virus; 
TU, tuberculin units. 

Data from American Academy of Pediatrics. Tuberculosis. In: 
Kimberlin DW, Brady MT, Jackson MA, Long SS, eds. 2015 Red 
Book: Report of the Committee on Infectious Diseases. 30th ed. Elk 
Grove Village, IL: American Academy of Pediatrics; 2015:806. 


mydia pneumoniae mimics respiratory disease resulting from M. pneu- 
moniae, inasmuch as it occurs in epidemics, is seen in older children, 
and produces an atypical pneumonia syndrome and pharyngitis. 
Tuberculosis. Tuberculosis is uncommon in developed countries; 
95% of the disease burden worldwide is in developing countries. 
Tuberculosis must be considered in the child with chest disease that is 
not easily explained by other diagnoses, especially if the child lives in 
or has migrated from an endemic area of the world or has been exposed 


to an adult with active tuberculosis. Nonetheless, tuberculosis is an 
infrequent cause of cough in children, even in those with active disease. 
The diagnosis is made primarily by skin testing (purified protein 
derivative [PPD]) or a positive Quantiferon test; a history of contact 
with a person who has tuberculosis; and recovery of the organism from 
sputum, bronchoalveolar lavage, pleural fluid or biopsy, or morning 
gastric aspirates (‘Table 2.14). The yield from these procedures is rela- 
tively low, even from children with active pulmonary tuberculosis. 


The patterns of disease in normal hosts include primary pulmonary 
tuberculosis, with subsequent inactivation usually noted in young chil- 
dren and reactivation pulmonary disease among adolescents. Primary 
pulmonary disease is often noted as a lower or middle lobe infiltrate 
during the period of T lymphocyte reaction to the initial infection. 
Before resolution, the Mycobacterium tuberculosis infection may dis- 
seminate to the better oxygenated upper lobes and extrathoracic sites, 
such as bone, or the central nervous system. If the immune response 
contains the initial infection, the radiographic findings may be indis- 
tinguishable from those of any other pneumonic process. With altered 
immune function, however, there may be progressive local disease, 
dissemination to miliary pulmonary disease, or early reactivation 
(months to 5 years) at distal sites, which produces tuberculous men- 
ingitis or osteomyelitis. Reactivation of upper lobe pulmonary disease 
may produce cavities that are similar to the disease among adults. 
Cavitary and endobronchial lymph node involvement are highly infec- 
tious, in contrast to the much less contagious nature of the hypersen- 
sitivity reaction noted in primary pulmonary disease. 


Aspiration 

Inhaling food, mouth or gastric secretions, or foreign bodies into the 
tracheobronchial tree causes acute, recurrent, or chronic cough. Inter- 
ference with normal swallowing disrupts the coordination of swallow- 
ing and breathing that prevents aspiration. Structural causes of 
disordered swallowing include esophageal atresia (in neonates), stric- 
tures, webs, or congenital stenoses. Mediastinal lesions (tumors, lymph 
nodes), including vascular rings, may compromise the esophageal 
lumen and esophageal peristalsis, increasing the likelihood of aspira- 
tion. Functional disorders include central nervous system dysfunction 
or immaturity, dysautonomia, achalasia, and diffuse esophageal spasm. 
Prior neck surgery, including tracheostomy, may alter normal swallow- 
ing. Tracheoesophageal fistula and laryngeal clefts are congenital 
malformations with direct physical connections between the tracheo- 
bronchial tree and the upper gastrointestinal tract; thus oral contents 
enter the lungs directly. 

Making the diagnosis of aspiration as the cause of cough may be 
difficult. Barium contrast studies during swallowing may help charac- 
terize these disorders if barium enters the trachea. Because most 
patients aspirate sporadically, a normal barium swallow does not rule 
out aspiration. Radionuclide studies can be helpful if ingested radio- 
labeled milk or formula is demonstrated over the lung fields at several- 
hour intervals after the meal. Bronchoscopy and bronchoalveolar 
lavage that recover large numbers of lipid-laden macrophages suggest 
that aspiration has taken place; however, the finding is neither sensitive 
nor specific for aspiration. 

Treatment depends largely on the cause of aspiration. Because 
many patients who aspirate do so because of lack of neurologic control 
of swallowing and breathing, it is often difficult to prevent. Even gas- 
trostomy feedings cannot prevent aspiration of oral secretions. In 
extreme cases, tracheostomy with ligation of the proximal trachea has 
been employed. This not only prevents aspiration but also prevents 
phonation, and it must be considered only in unusual situations. 
Aspiration pneumonia is often treated with intravenous ampicillin- 
sulbactam or clindamycin to cover mouth flora of predominant anaer- 
obes. Additional coverage against gram-negative organisms may be 
indicated if the aspiration is nosocomial. 


Foreign Body 


Any child with cough of abrupt onset should be suspected of having 
inhaled a foreign body into the airway. Toddlers, who by nature put all 
types of things into their mouths and who have incompletely matured 
swallowing and airway protective mechanisms, are at high risk. Infants 
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with toddlers or young children in the household who may “feed” the 
baby are also at risk. In older children, it is usually possible to obtain 
an accurate history of the aspiration event. These events are described 
as choking, gagging, and coughing while something (e.g., peanuts, 
popcorn, small toys, sunflower seeds) is in the mouth. The child may 
come to the physician with cough and wheeze immediately after the 
event, with a clear history and a straightforward diagnosis. In many 
children with a tracheobronchial foreign body, however, the initial 
episode is not recognized; these children may not come to medical 
attention for days, weeks, or even months. The initial episode may be 
followed by a relatively symptom-free period lasting days or even 
weeks, until infection develops behind an obstructed segmental or 
lobar bronchus. At this point, cough, perhaps with hemoptysis, with 
or without wheeze, recurs. 

On physical examination early after an aspiration episode, there is 
cough, wheeze, or both, often with asymmetry of auscultatory findings. 
There may be locally diminished breath sounds. Later, localized wheeze 
or crackles may be detected. The triad of wheezing, coughing, and 
decreased breath sounds is present in fewer than 50% of patients. The 
presence of laryngotracheal foreign bodies often manifests with stridor, 
retractions, aphonia, cough, and normal radiographs. 

Chest radiographs may be normal in 15% of patients with intra- 
thoracic foreign bodies but should be obtained in both inspiration 
and expiration because in some cases the only abnormality is unilateral 
or unilobar air trapping, which is occasionally more clearly identified 
with an expiratory radiograph. In this view, an overdistended lung 
that had appeared normal on the inspiratory view does not empty, 
but the normal, unobstructed lung empties normally. This phenom- 
enon causes a shift of the mediastinum toward the emptying lung, 
away from the side with the obstructing foreign body (Fig. 2.9). In 
other patients, localized infiltrate or atelectasis may be present behind 
the obstructing object. In a few patients, it may be possible to identify 
the foreign body itself; nonetheless, most inhaled food particles are 
not radiopaque and cannot be seen on radiographs. Aspiration is 
usually unilateral (80%); 50-60% of the objects are in the right lung 
(the lobe depends on body position—supine versus standing—but is 
often the right middle lobe). The definitive diagnostic and therapeutic 
maneuver is bronchoscopy; either the flexible or rigid open-tube bron- 
choscope enables direct visualization of the object; the rigid instru- 
ment also enables its removal. 


Gastroesophageal Reflux 


GER is a common cause of cough in all age groups (see Chapter 12). 
The typical patient is an infant in the first 6 months of life who spits 
up small amounts of milk frequently after feedings. This “regurgitant 
reflux” most commonly resolves by 1 year of age. However, many tod- 
dlers and children continue to have reflux, although it may be “silent” 
or nonregurgitant (without spitting up). 

In most people with GER, it is merely a nuisance or not noticed. In 
some there are sequelae, and this condition is designated gastroesopha- 
geal reflux disease (GERD). One manifestation is cough; the mecha- 
nisms for the cough are not fully understood. Aspiration of refluxed 
material is one mechanism for cough but is probably not very common 
in neurologically intact children. A major mechanism for GERD with 
cough is mediated by vagal esophagobronchial reflexes (bronchocon- 
striction), stimulated by acid in the esophagus. Whether acid in the 
esophagus is sufficient stimulus to cause bronchoconstriction by itself 
or whether it merely heightens bronchial reactivity to other stimuli is 
not yet clear. Many children with reactive airways disease have cough 
or wheeze that is difficult to control until their concurrent GER is also 
treated. Many episodes of cough caused by GERD occur in children 
with asthma that is difficult to control. 
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FIGURE 2.9 A, Normal inspiratory chest radiograph in a toddler with a peanut fragment in the left main 
bronchus. B, Expiratory radiograph of the same child showing the classic air trapping on the involved side. 
(From Schroeder JW Jr, Holinger LD. Foreign bodies in the airway. In: Kliegman RM, Stanton BF, St Geme 
JW Ill, Schor N, eds. Nelson Textbook of Pediatrics. 20th ed. Philadelphia: Elsevier; 2016:2040, Fig. 387.2.) 


The diagnosis of GERD must also be considered in the child with 
chronic or recurrent cough with no other obvious explanation. The 
child who coughs after meals or at night, when the supine position 
may provoke GER, should be evaluated for GER. If GER is confirmed, 
the next step is a therapeutic trial of antireflux therapy. 

Treatment in a child whose cough is related to GER may be accom- 
plished by treating the reflux (see Chapter 12) or by a combination of 
antireflux and antiasthma treatment (see Chapter 3). On occasion, the 
cough may be abolished by stopping all antiasthma medications. In 
such cases, the cough was a manifestation of reactive airways with 
esophageal acidification as the trigger for bronchospasm; the esopha- 
geal acidification was caused by the bronchodilator effects on the lower 
esophageal sphincter. 


Asthma 


Cough is frequently the sole or most prominent manifestation of 
asthma; wheezing may be entirely absent. In fact, asthma is almost 
certainly the most common cause of recurrent and chronic cough in 
childhood (see Chapter 3). Some of the features that characterize the 
cough of a child with asthma are listed in Table 2.15. Treatment for 
asthma manifesting as cough is the same as the treatment for asthma. 


Cystic Fibrosis 

Cystic fibrosis (CF) is a common cause of recurrent or chronic cough 
in infancy and childhood. CF occurs in 1 in 2000-3000 live births 
among white persons, is far less common among African Americans 
(1 in 15,000), and is rare among Native Americans and Asians. Early 
diagnosis improves the prognosis for untreated CF; if untreated, many 
patients die in infancy or early childhood. With current state-of-the-art 
care, median length of survival is upper 30s. 

CF is a genetic disorder, inherited as an autosomal recessive trait. 
The CF gene is on the long arm of chromosome 7; more than 1900 
mutations have been identified at the CF locus. Of these mutations, 
one (AF508, indicating a deletion, A, of a single phenylalanine, F, at 
position 508 of the protein product) is the most common, responsible 
for 70-75% of all CF chromosomes. The mutation affects the gene’s 
protein product, termed cystic fibrosis transmembrane regulator 


TABLE 2.15. Asthma as a Cause of 
Cough: History 


Any age (even infants) 

Coexistence of allergy increases likelihood, but absence of allergy does not 
decrease likelihood 

Wheeze need not be present 


TCough with upper respiratory infections 
TCough with (and especially after) exercise 
TCough with hard laughing or crying 
TCough with exposure to cold 
TCough with exposure to cigarette smoke 
Usually a history of dramatic response to inhaled B-agonists 


(CFTR), which acts as a chloride channel and affects other aspects of 
membrane transport of ions and water. Not all the consequences of 
the defective gene and protein have been determined. In general, 
however, the defective gene product results in the long-observed clini- 
cal manifestations of the disease, including thick, viscid mucus in the 
tracheobronchial tree, leading to purulent bronchiolitis and bronchitis 
with subsequent bronchiectasis, pulmonary fibrosis, and respiratory 
failure; pancreatic duct obstruction, leading to pancreatic insufficiency 
with steatorrhea and failure to thrive; and abnormally high sweat chlo- 
ride and sodium concentrations. The airway disease in CF is character- 
ized by infection, inflammation, and endobronchial obstruction. The 
infection begins with S. aureus, H. influenzae, Escherichia coli, Klebsiella 
species, or combinations of these organisms but eventually is domi- 
nated by nonmucoid or mucoid Pseudomonas aeruginosa. Other 
organisms, such as Burkholderia cepacia, Stenotrophomonas malto- 
philia, Alcaligenes xylosoxidans, Aspergillus fumigatus, or nontubercu- 
lous mycobacteria may also appear; their significance remains 
undetermined. In some patients, B. cepacia has been associated with 
rapid deterioration and death, and in others, Aspergillus species has 
caused allergic bronchopulmonary aspergillosis (ABPA). The airway 
inflammation in all patients with CF appears to be the result of toxic 
substances, including elastase, released by neutrophils as they respond 


to the endobronchial infection and by similar enzymes released by the 
invading organisms. 

CF may manifest at birth with meconium ileus (10-15% of patients), 
or later, with steatorrhea and failure to thrive despite a voracious 
appetite, in an apparent effort to make up for the calories that are lost 
in the stool (see Chapter 11). The most common presenting symptom 
is cough, which may appear within the first weeks of life or may be 
delayed for decades. The cough can be dry, productive, or paroxysmal. 
Cough may respond to antibiotics or perhaps steroids, but it is less 
likely to improve with bronchodilators (see Tables 2.3 and 2.5). 
Although CF is a genetic disease, there is often no family history. Fur- 
thermore, in atypical cases, patients may not have pancreatic insuffi- 
ciency (~10% of patients) and thus may not demonstrate steatorrhea 
and failure to thrive. In addition, malabsorption may not be evident 
in the neonatal period. 

There is no such thing as a child who looks “too good” to have CF; 
common abnormalities found on physical examination are noted in 
Table 2.16. One of the most important physical findings is digital club- 
bing. In most patients with CF, clubbing develops within the first few 
years of life. Although the list of conditions associated with digital 
clubbing (Table 2.17) is long, they are less common than CF, or the 
incidence of digital clubbing with these conditions is low. There is 
some relationship between the degree of pulmonary disease severity 
and the degree of digital clubbing. A child who has had years of severe 
respiratory symptoms without digital clubbing is not likely to have CF. 

The diagnosis is confirmed by a positive sweat test or confirming 
the presence of two CF mutations on chromosome 7. The sweat test, 
if not performed correctly in a laboratory with extensive experience 
with the technique (as, for example, in an accredited CF center), yields 
many false-positive and false-negative results. The proper technique is 
to use quantitative analysis of the concentration of chloride in the 
sweat produced after pilocarpine iontophoretic stimulation. Chloride 
concentrations higher than 60 mmol/L are considered positive, and 
those lower than 40 mmol/L are negative (normal). Healthy adults 
have slightly higher sweat chloride concentrations than do children, 
but the same guidelines hold for positive tests in adults. The non-CF 
conditions yielding elevated sweat chloride concentrations are listed in 
Table 2.18. False-negative results of sweat tests can be seen in CF chil- 
dren presenting with edema or hypoproteinemia and in samples from 


TABLE 2.16 Physical Examination 
Features of Cystic Fibrosis 


General 
Low weight for height (>50% of patients) 
Head, eyes, ears, nose, and throat 
Nasal polyps (20%) 
Chest 
Cough 
Barrel chest (Tanteroposterior diameter) 
Intercostal, suprasternal retractions 
Crackles, especially upper lobes 
Wheeze 
Abdomen 
Hepatomegaly (10%) 
Right lower quadrant fecal mass (5-10%) 
Extremities 
Digital clubbing (80%) 
Reproductive tract 
Bilateral atresia or absence of vas deferens (>95% of males) 
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children with an inadequate sweat rate. Sweat testing can be performed 
at any age. Newborns within the first few weeks of life may not produce 
a large enough volume of sweat to analyze (75 mg minimum), but in 
those who do (the majority), the results are accurate. Indications for 
sweat testing are noted in Table 2.19. 

In patients for whom sweat testing is difficult (e.g., because of 
distance from an experienced laboratory, small infants who have not 
produced enough sweat, patients with extreme dermatitis, or patients 
with intermediate-range sweat chloride concentrations), DNA muta- 
tion testing can be useful. Demonstration of two known CF mutations 
confirms the diagnosis. Finding one or no known mutation makes the 
diagnosis less likely but is not exclusive, inasmuch as there are patients 


TABLE 2.17 Causes of Digital Clubbing 
in Children 


Pulmonary 
Cystic fibrosis ++ 
Non-—cystic fibrosis bronchiectasis + 
Ciliary dyskinesia 
Bronchiolitis obliterans 
Interstitial lung diseases 
Empyema 
Lung abscess 
Malignancy 
Tuberculosis 
Pulmonary arteriovenous fistula 


Cardiac 

e Cyanotic congenital heart disease ++ 
e Bacterial endocarditis + 

e Chronic congestive heart failure 


Gastrointestinal 
Crohn disease 
Ulcerative colitis 
Celiac disease + 
severe gastrointestinal hemorrhage 
small bowel lymphoma 
Multiple polyposis 


Hepatic 
e Billary cirrhosis 
e Chronic active hepatitis 


Hematologic 
e Thalassemia 
e Congenital methemoglobinemia 


Miscellaneous 
Familial 
Thyroid deficiency 
Thyrotoxicosis 
Chronic pyelonephritis 
Heavy metal poisoning 
scleroderma 
Lymphoid granulomatosis 
Hodgkin disease 
Human immunodeficiency virus 


++, very common cause of digital clubbing; +, common cause of 
digital clubbing. 
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TABLE 2.18 Conditions Other Than Cystic 
Fibrosis with Elevated Sweat Chloride 


Adrenal insufficiency (untreated) 
Ectodermal dysplasia 

Autonomic dysfunction 

Hypothyroidism 

Malnutrition, including psychosocial dwarfism 
Mucopolysaccharidosis 

Glycogen storage disease (type |) 
Fucosidosis 

Hereditary nephrogenic diabetes insipidus 
Mauriac syndrome 
Pseudohypoaldosteronism 

Familial cholestasis 

Nephrosis with edema 


TABLE 2.19 


Pulmonary Indications 
Chronic or recurrent cough 
Chronic or recurrent pneumonia (especially RUL) 
Recurrent bronchiolitis 
Atelectasis 
Hemoptysis 


Indications for Sweat Testing 


Staphylococcal pneumonia 

Pseudomonas aeruginosa in the respiratory tract (in the absence of such 
circumstances as tracheostomy or prolonged intubation) 

Mucoid P. aeruginosa in the respiratory tract 


Gastrointestinal Indications 
Meconium ileus 
Neonatal intestinal obstruction (meconium plug, atresia) 
Steatorrhea, malabsorption 
Hepatic cirrhosis in childhood (including any manifestations such as 
esophageal varices or portal hypertension) 
Pancreatitis 
Rectal prolapse 
Vitamin K deficiency states (hypoprothrombinemia) 


Miscellaneous Indications 
Digital clubbing 
Failure to thrive 
Family history of cystic fibrosis (sibling or cousin) 
salty taste when kissed; salt crystals on skin after evaporation of sweat 
Heat prostration, especially under seemingly inappropriate circumstances 
Hyponatremic hypochloremic alkalosis in infants 
Nasal polyps 
Pansinusitis 
Aspermia 


RUL, right upper lobe. 

From Kercsmar CM. The respiratory system. In: Behrman RE, 
Kliegman RM, eds. Nelson Essentials of Pediatrics. 2nd ed. 
Philadelphia: WB Saunders; 1994:451. 


with not-yet-characterized mutations. Furthermore, commercial labo- 
ratories do not identify all of the mutations. 

Recovery of mucoid Pseudomonas aeruginosa from respiratory tract 
secretions is strongly suggestive of CF. Similarly pansinusitis is nearly 
universal among CF patients but is quite uncommon in other children. 


All 50 states are using a neonatal screen for CF. The CF screen assays 
include measuring serum immunoreactive trypsinogen (IRT) levels, 
which are elevated in most infants with CF for the first several weeks 
of life, and DNA analysis for CFTR mutations. The main drawback of 
the IRT assay is that it has relatively poor specificity; as many as 90% 
of the positive results on the initial screen are false-positive results. If 
an infant’s IRT screen is positive, the test should be repeated, or DNA 
analysis for the 23 most common CFTR mutations should be per- 
formed. At 2-3 weeks of age, which is when the IRT is repeated, the 
false-positive rate has fallen dramatically but is still quite high (25%). 
Definitive testing with the sweat chloride test needs to be carried out 
on infants with positive screening results. 

Laboratory data that may support the diagnosis of CF include low 
levels of fecal elastase. This suggests pancreatic insufficiency, which 
occurs most commonly in CF but can be seen in other diseases. The 
test is not perfect for confirming CF as some CF patients have sufficient 
pancreatic function. Pulmonary function test findings with an obstruc- 
tive pattern, incompletely responsive to bronchodilators, are consistent 
with CF but, of course, can be seen in other conditions. Conversely, 
some patients with CF also have asthma and may show a marked 
response to a bronchodilator. Complications of CF that should suggest 
the diagnosis are noted in Table 2.20. 

The treatment of patients with CF requires a comprehensive 
approach, best performed in, or in conjunction with, an approved CF 
center. Several studies have shown survival to be significantly better in 
center-based care than in non—center-based care. 


Anatomic Abnormalities 


Table 2.21 lists the main anatomic abnormalities that cause cough. 

Vascular rings and slings. Vascular rings and slings are often asso- 
ciated with inspiratory stridor because the abnormal vessels compress 
central airways, most commonly the trachea (see Chapter 3). The 
patient may also have difficulty swallowing if the esophagus is 
compressed. 

The diagnosis may be suspected from plain radiographs of the 
chest, especially those showing tracheal deviation and a right-sided 
aortic arch. Further support for the diagnosis can be found at bron- 
choscopy (which shows extrinsic compression of the trachea or a main 
stem bronchus), barium esophagram (which shows esophageal com- 
pression), or both. The definitive diagnosis is made with computed 
tomographic angiography or magnetic resonance angiography. Treat- 
ment is surgical. 

Pulmonary sequestration. Pulmonary sequestration is relatively 
unusual, occurring in 1 in 60,000 children. It occurs most commonly 
in the left lower lobe and can manifest in several ways (Fig. 2.10; see 
also Table 2.21). The chest radiograph usually shows a density in the 
left lower lobe; this density often appears to contain cysts (Fig. 2.11). 
The feature distinguishing a sequestered lobe from a complicated 
pneumonia is that the blood supply arises from the aorta and not the 
pulmonary circulation. Doppler ultrasonography and CT angiography 
provide the definitive diagnosis. The treatment is surgical removal. 

Congenital pulmonary airway malformation (CPAM). Congenital 
pulmonary airway malformations (formerly known as congenital cyst- 
adenomatoid malformations or CCAMs) are rare. They manifest in 
infancy with respiratory distress in nearly 50% of cases; the other half 
may manifest as cough with recurrent infection later in childhood or 
even adulthood. The chest radiograph reveals multiple cysts, separated 
by dense areas. Chest CT scans can help make the diagnosis with near 
certainty. Surgical removal is the treatment of choice if the lesion is 
symptomatic. 

Congenital lobar emphysema. Congenital lobar emphysema 
occurs in one of 50,000 live births. It can manifest dramatically with 


TABLE 2.2O Complications of 
Cystic Fibrosis 


Pulmonary Complications 
Bronchiectasis, bronchitis, bronchiolitis, pneumonia 
Atelectasis 
Hemoptysis 
Pneumothorax 
Nasal polyps 
Sinusitis 
Reactive airways disease 
Cor pulmonale 
Respiratory failure 
Mucoid impaction of the bronchi 
Allergic bronchopulmonary aspergillosis 


Gastrointestinal Complications 
Meconium ileus 
Meconium peritonitis 
Distal intestinal obstruction syndrome (meconium ileus equivalent) 
(nonneonatal obstruction) 
Rectal prolapse 
Intussusception 
Volvulus 
Appendicitis 
Intestinal atresia 
Pancreatitis 
Biliary cirrhosis (portal hypertension: esophageal varices, hypersplenism) 
Neonatal obstructive jaundice 
Hepatic steatosis 
Gastroesophageal reflux 
Cholelithiasis 
Inguinal hernia 
Growth failure 
Vitamin deficiency states (vitamins A, D, E, K) 
Insulin deficiency, symptomatic hyperglycemia, diabetes 


Other Complications 
Infertility 
Edema/hypoproteinemia 
Dehydration/heat exhaustion 
Hypertrophic osteoarthropathy/arthritis 
Delayed puberty 
Amyloidosis 


From Kercsmar CM. The respiratory system. In: Behrman RE, 
Kliegman RM, eds. Nelson Essentials of Pediatrics. 2nd ed. 
Philadelphia: WB Saunders; 1994:451. 


Recurrent cough and fever 


Incompletely resolved pneumonia 


Breathlessness from birth 


Incidental radiological finding 


Incidental autopsy finding 


FIGURE 2.10 Different modes of presentation of sequestered lobe 
and number of children with each problem. (From Phelan PD, Olinsky 
A, eds. Respiratory Illness in Children. Oxford: Wiley-Blackwell; 1994.) 
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respiratory distress in the neonatal period or later (Fig. 2.12), with 
cough or wheeze, or as an incidental finding on a chest radiograph. 
Radiography shows localized overinflation, often dramatic, with com- 
pression of adjacent lung tissue and occasionally atelectasis of the 
contralateral lung because of mediastinal shift away from the involved 
side. The appearance on chest CT scan is typical, with widely spaced 
blood vessels (as opposed to congenital cysts, for example, which have 
no blood vessels within the overinflated area). Bronchoscopy can docu- 
ment patent bronchi and should probably be performed in older chil- 
dren in whom congenital lobar emphysema can be confused with 
acquired overinflation of a lobe as the result of bronchial obstruction, 
as with a foreign body. If the disease is symptomatic, treatment is 
surgical. 

Tracheoesophageal fistula. Tracheoesophageal fistula is common, 
with an incidence of about one in 5000 live births. Of these fistulas, 
the large majority (85%) are associated with esophageal atresia; 
only 3% are the isolated, H-type fistula (a patent esophagus with 
fistulous tract connecting the esophagus and trachea). A neonate 
with esophageal atresia experiences respiratory distress, excessive 
drooling, and choking and gagging with feeding. The H-type fistula 
causes more subtle signs and may be undiagnosed for months or 
even years. The child may have only intermittent feeding trouble, 
especially with liquids. There may be recurrent lower respiratory 
tract infections. 

The diagnosis is not challenging in the infant with esophageal 
atresia; a nasogastric tube cannot be passed, and swallowed barium 
outlines the trachea. In the older child with H-type fistula, a barium 
esophagogram may or may not reveal the fistula. Bronchoscopy and 
esophagoscopy should permit direct visualization of the fistula; 
however, the opening may be hidden in mucosal folds. 

Treatment is surgical. Many children born with tracheoesophageal 
fistula have recurrent cough and lower respiratory tract infection for 
many years, even after successful surgical correction. The cough is 
characteristically the harsh cough of tracheomalacia, which is present 
at the site of the fistula. The infections result from several causes, 
including GER, with or without aspiration, and altered mucociliary 
transport. Treatment involves regular chest physiotherapy and early 
and aggressive use of antibiotics whenever there is evidence of increased 
pulmonary symptoms. 

Hemangiomas. Hemangiomas may be present within the airway 
and can cause cough, rarely with hemoptysis. Stridor (if the hemangi- 
oma is high in the airway) and respiratory distress (if the hemangioma 
is large) may also occur. In rare cases, with very large airway hemangio- 
mas, there may even be dysphagia from extrinsic compression. Chil- 
dren with cutaneous hemangiomas in the mandibular or neck region 
(“beard” distribution) are at risk for an airway hemangioma. 

The diagnosis is made with bronchoscopy. These lesions may 
resolve spontaneously over the first year or so. However, if they cause 
symptoms, it may not be advisable or possible to wait for them to 
resolve. 

Many airway hemangiomas regress with steroid treatment; 
however, due to the side effect profile, propranolol is considered the 
treatment of choice. Asthma is a contraindication for propranolol 
treatment due to its beta-blocking effect and potential to worsen 
asthma. Laser ablation may be indicated in some refractory cases that 
do not respond to first-line treatment. In the case of a large subglottic 
hemangioma, a tracheostomy is performed and maintained until the 
mass regresses. 

Enlarged lymph nodes. Enlarged mediastinal lymph nodes, such as 
those resulting from tuberculosis, leukemia, other hematologic malig- 
nancies, or other infections, are occasionally a cause of cough in chil- 
dren (Table 2.22; see also Table 2.21). These nodes are usually seen on 


TABLE 2.21 


Condition 
Vascular ring/sling 


Pulmonary sequestration 


Congenital pulmonary airway 
malformation 


Congenital lobar emphysema 


Tracheoesophageal fistula, cleft 


Airway hemangioma 


Mediastinal lymph nodes 


Bronchial stenosis 
Bronchogenic cysts 
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Other Symptoms 
stridor; dysphagia, emesis 


Fever, dyspnea; may be asymptomatic 


Respiratory distress; recurrent infection 


Respiratory distress; wheeze; may be 
asymptomatic 


Gagging, choking with feeds; respiratory 
distress (especially with esophageal 
atresia) 


stridor; wheeze; dysphagia; hemoptysis 
stridor 


Wheeze; recurrent pneumonia 
Wheeze, stridor 


CT, computed tomography; MRI, magnetic resonance imaging. 


Anatomic Abnormalities Causing Cough 


Diagnostic Evidence 


Radiographic: deviated trachea, right-sided arch 

Barium swallow: esophageal indentation 

Bronchoscopy: extrinsic compression 

MRI/angiography: definitive 

Radiographic: left lower lobe density, usually 
with cysts 

Angiography: blood supply from aorta 


Radiographic: multiple cysts alternating with 
solid areas 


Radiographic: localized overinflation, other 
lobes (even other lung) collapsed 

Bronchoscopy to rule out foreign body 

Barium esophagram: barium in tracheobronchial 
tree 

Bronchoscopy: direct visualization 

Bronchoscopy 


Radiographic: hilar nodes; compressed tracheal 
air column 

Bronchoscopy 

Radiographic: hyperinflation of one lung; visible 
mass (carina, posterior mediastinum) 

Bronchoscopy: extrinsic compression 

CT: often definitive 


Treatment 
Surgical 


Surgical 


Surgical 


Surgical (if symptomatic) 


Surgical 


Propranolol, steroids; laser; 
occasionally tracheostomy 
required 


Treat cause 


Balloon dilatation; surgery 
Surgical 


FIGURE 2.11 Anterior-posterior and lateral chest radiographs showing a left lower lobe pulmonary seques- 
tration (bold arrow) in a 15-year-old girl. 


<1 month 


1—6 months 
6—12 months 
1—5 years 


>5 years 


Repiratory 
distress 


Wheeze 
Cough 


Incidental radiological findings 


Left upper 
lobe 


Right upper lobe 
Right middle lobe 


FIGURE 2.12 Different modes of presentation of congenital lobar 
emphysema. A, Age at presentation. B, Symptoms at presentation. C, 
Involved lobe. Numbers refer to the number of children in each cate- 
gory. (From Phelan PD, Olinsky A, eds. Respiratory Illness in Children. 
Oxford: Wiley-Blackwell; 1994.) 


Intrathoracic Mass Lesions 


TABLE 2.22 


Anterior Mediastinum 
Thymus tumor 
T-cell lymphoma 
Teratoma 
Thyroid lesions 
Pericardial cyst 
Hemangioma 
Lymphangioma 


Hilar-—Middle Mediastinum 
Tuberculosis 
Histoplasmosis 
Coccidiomycosis 
Acute lymphocytic leukemia/lymphoma 
Hodgkin disease 
Sarcoidosis 
Hiatal hernia 
Pericardial cyst 
Bronchogenic or enteric cyst 


Posterior Mediastinum 
Neuroblastoma/ganglioneuroma 
Other neural tumors 
Neuroenteric lesions 
Esophageal lesions (duplication) 
Vertebral osteomyelitis 
Diaphragmatic hernia 
Meningocele 
Aortic aneurysm 
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plain radiographs of the chest. The x-ray study or bronchoscopy may 
show extrinsic compression of the trachea. Treatment is directed at the 
underlying cause. 

Bronchial stenosis. Occasionally bronchial stenosis, either con- 
genital or acquired, may cause cough. The diagnosis is made with 
bronchoscopy, after suspicion has been raised by the child having 
recurrent infiltrates in the same lobe, especially with localized wheeze. 

Treatment may be difficult. In some cases, endoscopic balloon dila- 
tation or airway stent placement is successful; in others, surgical resec- 
tion of stenotic areas may be necessary. 

Bronchogenic cysts. Bronchogenic cysts are uncommon, but they 
can cause cough, wheeze, stridor, or any combination of these. They 
may also cause recurrent or persistent pneumonia if they block a 
bronchus sufficiently to interfere with normal drainage of the segment 
or lobe. Radiography may show localized overinflation if the cyst 
causes a ball-valve—type obstruction. The cyst itself may or may not be 
seen on plain radiographs. Bronchoscopy reveals extrinsic compres- 
sion of the airway. CT studies often definitively show the lesion. Surgi- 
cal removal is indicated. 


Habit (Psychogenic) Cough 

On occasion, a school-aged child may develop a cough that lasts 
for weeks, often after a fairly typical cold. This cough occurs only 
during wakefulness, never during sleep. In many cases, the cough 
is harsh and foghorn-like. It often disrupts the classroom, and the 
child is asked to leave. The child is otherwise well and may seem 
rather unbothered by the spectacle created. There is no response to 
medications. It seems that this type of cough, previously termed 
“psychogenic,” or “psychogenic cough tic,’ but now called habit cough, 
has given the child valuable attention. This attention then serves as 
the sustaining force, and the cough persists beyond the original 
airway inflammation. In the small minority of cases, there may be 
deep-seated emotional problems of which the cough is the physical 
expression. 

During the history or physical examination, the child appears 
completely well and may cough when attention is drawn to the 
child or when the word “cough” is uttered. The physical examination 
findings are otherwise completely normal, as are laboratory values. 
Because this may occur in any child, evidence of mild reactive airways 
disease (history or pulmonary function testing) does not rule out 
the diagnosis. Once a physician has seen a child with this problem, 
it is usually possible to make the diagnosis with certainty on enter- 
ing the examining room or, indeed, from the hallway outside the 
room. 

Treatment can prove more difficult. The child and family should be 
reassured that the child is well. Suggestion therapy empowers and 
encourages the patient to suppress the cough for short increments of 
time. The goal is for them to gradually lengthen the cough-free inter- 
vals. Speech therapy may be helpful (Table 2.23). 


TABLE 2.23 Speech Therapy Techniques 
for Treating Habit Cough 


Increase abdominal breathing 

Reduce muscle tension in neck, chest, and shoulders 

Interrupt early cough sensation by swallowing 

Substitute gentle cough for racking cough 

Interrupt cough sequence with diaphragm breathing and tightly pursed lips 
Increase the patient's awareness of initial sensations that would trigger cough 
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Other Causes of Cough 


Table 2.24 lists several miscellaneous causes of cough in children. 

Bronchiectasis. Bronchiectasis is defined as an abnormal dilation 
of the subsegmental bronchi and is usually associated with chronic 
cough and purulent sputum production. It occasionally occurs after 
severe pneumonias (bacterial or viral); it eventually develops in nearly 
all patients with CF. Diagnosis may, on occasion, be made with plain- 
chest radiographs, but high-resolution CT scanning is the diagnostic 
procedure of choice. Treatment of bronchiectasis consists of airway 
clearance with chest physiotherapy with postural drainage or high- 
frequency chest wall oscillation, occasionally bronchodilators and 
mucolytic agents, and antibiotic therapy during exacerbations. Surgical 
resection may be indicated in cases that are progressive and localized 
when medical therapy has failed. The prognosis of bronchiectasis 
depends on the underlying cause. CF-associated bronchiectasis is a 
major cause of CF-related morbidity and mortality; whereas, non-CF 
bronchiectasis may remain stable or even regress with therapy. 

Ciliary dyskinesia. Conditions in which the cilia do not function 
properly (immotile cilia or ciliary dyskinesia) lead to cough, usually 
because infection (and bronchiectasis) occurs in the absence of normal 
mucociliary transport. Treatment is similar to that for CF, with regular 
chest physiotherapy and frequent and aggressive use of antibiotics at 
the first sign of airways infection, most commonly increased cough. 

Interstitial lung disease. Interstitial lung diseases are now classi- 
fied based on those that occur during the neonatal period and those 
that are not as prevalent in infancy. Interstitial lung diseases that mani- 
fest with cough include aspiration (chronic and recurrent) pneumo- 
nitis, hypersensitivity pneumonitis, bronchiolitis obliterans, and 
cryptogenic organizing pneumonia (formerly known as bronchiolitis 
obliterans organizing pneumonia or BOOP). Lung biopsy may be 
required for a diagnosis. 

Pulmonary hemosiderosis. Pulmonary hemosiderosis is a rare, and 
often fatal, condition of bleeding into the lung that can manifest with 
cough. If sputum is produced, it is often frothy and blood-tinged. 
There may be frank hemoptysis. However, the cough may be nonpro- 
ductive, or the sputum may be swallowed. Some cases are associated 
with milk hypersensitivity (Heiner syndrome), and affected children 
may have upper airway obstruction. Some cases are associated with 
collagen vascular disorders. Radiographs usually show diffuse fluffy 


TABLE 2.24 Miscellaneous Causes 
of Cough in Children 


Postnasal drip (?) 
Bronchiectasis 
Ciliary dyskinesia 
Interstitial lung disease 
Heart failure/pulmonary edema 
Pulmonary hemosiderosis 
Drug-induced (see Table 2.4) 
o,-Antitrypsin deficiency 
Graft-versus-host disease 
Bronchopulmonary dysplasia 
Tumor (bronchial adenoma, 
carcinoid; mediastinal) 
Alveolar proteinosis 
Tracheomalacia, bronchomalacia 
Spasmodic croup 


Cerumen impaction 

Irritation of external auditory canal 

Obliterative bronchiolitis 

Follicular bronchiolitis 

Mediastinal disease (nodes, 
pneumomediastinum) 

Nasal polyps 

Hypersensitivity pneumonitis 
(extrinsic allergic alveolitis) 

Thyroid lesions 

Subphrenic abscess 

Sarcoidosis 

Anaphylaxis 

Pulmonary embolism 

Lung contusion 


infiltrates, and there is invariably iron deficiency anemia. The diagnosis 
is based on lung biopsy findings. 

Tumors. Tumors causing cough are rare in childhood. Cough 
occurs because of bronchial blockage, either extrinsic or endobronchial 
(see Table 2.22). The diagnosis is usually made from bronchoscopy, 
chest CT, or both. Treatment depends on the cell type, but it usually 
involves at least some surgical removal. Chemotherapy or radiation 
may be used in some cases. 

Tracheomalacia and bronchomalacia. Isolated tracheomalacia or 
bronchomalacia is uncommon but can cause cough in some children. 
The cough of tracheomalacia is typically harsh and brassy. Treatment 
is difficult but, fortunately, is seldom needed. 

Spasmodic croup. Some children, usually preschoolers, may epi- 
sodically awaken at night with stridor and a harsh, barking cough 
indistinguishable from that of viral croup. This entity is termed spas- 
modic croup and is of unclear origin. Viral and allergic causes have 
been postulated. GER may be the cause in some patients. 

Treatment with cool mist or racemic epinephrine is effective in 
most patients. If GER is the underlying cause, antireflux treatment is 
beneficial. 

Obliterative bronchiolitis. Obliterative bronchiolitis is very rare 
except in lung transplant recipients. In other instances, it may arise 
after adenovirus, measles, or influenza pneumonia; after exposure to 
certain toxins; or in other rare circumstances. Children may exhibit 
cough, respiratory distress, and exercise intolerance. 

The diagnosis is suggested by the pulmonary function test or radio- 
graphic evidence of small airways obstruction; however, these findings 
are not always present. Not all chest radiographs show overinflated 
lungs, and not all pulmonary function tests show decreased small 
airways function. 

The definitive diagnosis is histologic via open or transbronchial 
biopsy. No specific treatment is available. Most children with oblitera- 
tive bronchiolitis recover, but many progress to chronic disability or 


death. 


Hemoptysis 

The child who coughs out blood or bloody mucus presents special 
diagnostic and therapeutic challenges. Although hemoptysis is rela- 
tively uncommon in children, particularly among those without CF, 
many conditions can cause it (Table 2.25). It is important (and not 
always easy) to distinguish cases in which blood has originated in the 
tracheobronchial tree (true hemoptysis), the nose (epistaxis), and the 
gastrointestinal tract (hematemesis). Table 2.26 gives some guidelines 
to help localize sites of origin of blood that has been reported or sus- 
pected as hemoptysis. None of these guidelines is foolproof, partly 
because blood that has originated in one of these sites might well end 
up in another before being expelled from the body; for instance, blood 
from the nose can be swallowed and vomited or aspirated and 
expectorated. 

Infection is among the most common causes of hemoptysis. Lung 
abscess and tuberculosis need to be considered. Bronchiectasis can 
readily cause erosion into bronchial vessels, often made tortuous by 
years of local inflammation, and produce hemoptysis. Other infectious 
causes are less common and include necrotizing pneumonias and 
fungal and parasitic lung invasion. 

Foreign bodies in the airway can cause hemoptysis by direct irrita- 
tion, by erosion of airway mucosa, or by secondary infection. 

Pulmonary embolus is uncommon in children and adolescents, 
but it needs to be considered in the differential diagnosis of an adoles- 
cent with hemoptysis of unclear origin. Clues to the diagnosis of pul- 
monary embolus include a positive family history, severe dyspnea, 
chest pain, hypoxia, a normal chest radiograph, an accentuated second 


TABLE 2.25 Hemoptysis: Differential 
Diagnosis 


Infection Lung abscess 

Pneumonia* 

Tuberculosis 

Bronchiectasis* (cystic fibrosis, ciliary dyskinesia) 

Necrotizing pneumonia 

Fungus (especially allergic bronchopulmonary 
aspergillosis or mucormycosis) 

Parasite 

Herpes simplex 

Retained 

Heart (various) 

Primary pulmonary hypertension 

Eisenmenger syndrome 

Arteriovenous malformation 

Telangiectasia (Osler-Weber-Rendu) 

Pulmonary sequestration 

Bronchogenic cyst 

Henoch-Schénlein purpura 

Goodpasture syndrome 

systemic lupus erythematosus 

Sarcoidosis 

Granulomatosis with polyangiitis 

Idiopathic or with milk allergy (Heiner syndrome) 


Foreign body 
Congenital defect 


Autoimmune- 
inflammatory 


Pulmonary 
hemosiderosis 
Trauma Contusion™ 
Fractured trachea, bronchus 
After surgery 
After transbronchial lung biopsy* 
After diagnostic lung puncture* 
Benign (neurogenic, hamartoma, hemangioma, 
carcinoid) 
Malignant (adenoma, bronchogenic carcinoma) 
Metastatic (Wilms tumor, osteosarcoma, 
sarcoma) 
Cardiogenic 
Deep vein thrombosis 
Other Factitious 
Endometriosis 
Coagulopathy* 
Congestive heart failure 
After surfactant therapy in neonates 
Kernicterus 
Hyperammonemia 
Intracranial hemorrhage 
Epistaxis™ 
Idiopathic 


latrogenic 


Tumors 


Pulmonary embolus 


*A common cause of hemoptysis. 


heart sound, an abnormal compression ultrasonographic study of the 
leg veins, a positive Homans sign, a positive helical CT scan, and a 
high-probability lung ventilation-perfusion scan. 

The diagnosis of several causes of hemoptysis is straightforward. 
For example, hemoptysis that occurs immediately after a surgical or 
invasive diagnostic procedure in the chest should suggest an iatrogenic 
problem. The chest radiograph can help suggest lung abscess, pulmo- 
nary sequestration, bronchogenic cyst, or tumor. Chest CT can help 
with cases of arteriovenous malformations, and additional laboratory 
values can support the diagnosis of collagen vascular disease. 
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TABLE 2.26 Hemoptysis: Differentiating 
Sites of Origin of Blood 


Gastrointestinal 
Tract 


Nausea, vomiting, 
abdominal pain 


Nose 


With or without 
nosebleed 
dripping in 
back of throat 


Pulmonary 


History Cough, with or 
without 
gurgling in 
lung before 
episode 

TLiver, spleen, Blood in nose 

epigastric 

tenderness 


Physical Cough; localized 
crackles or 
decreased 
breath sounds; 


digital clubbing 


TABLE 2.27 Red Flags for Cough 


If associated with severe, acute 
Hemoptysis 
Dyspnea 
Hypoxemia 
If associated with chronic 
Failure to thrive 
Steatorrhea 
Decreased exercise tolerance 
Digital clubbing 
Persistence of 
Cough for 6 weeks or more 
Radiographic abnormality, especially if asymmetric 
Failure to respond to empirical therapy 
Antibiotics for presumed infection 
Bronchodilators for presumed reactive airways 


Bronchoscopy can sometimes localize a bleeding site, identify a cause 
(e.g., a foreign body or endobronchial tumor), or recover an offending 
bacterial, fungal, or parasitic pathogen. In many instances, bronchos- 
copy does not help except by excluding some possibilities, because 
either no blood or blood throughout the tracheobronchial tree is 
found. Bronchial artery angiography may help to identify the involved 
vessel or vessels. 

Treatment of hemoptysis depends on the underlying cause. It 
can be a terrifying symptom to children and their parents, and a 
calm, reassuring approach is essential. Because hemoptysis is seldom 
fatal in children, reassurance is usually warranted. Furthermore, 
hemoptysis most often resolves, and treatment of the bleeding itself 
is not often needed. What is required is treatment of the underlying 
cause of the hemoptysis, such as therapy for infection, removal of 
a foreign body, or control of collagen vascular disease. When death 
occurs from hemoptysis, it is more likely to be from suffocation 
than from exsanguination. In cases of massive bleeding, the rigid 
open-tube bronchoscope may help suction large amounts of blood 
while ventilating and keeping unaffected portions of lung clear of 
blood. Interventional radiologists treat as well as localize a bleeding 
site by injecting the offending vessel with occlusive substances (embo- 
lization). In extremely rare instances, emergency lobectomy may be 
indicated. 
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WHEN COUGH ITSELF IS A PROBLEM 


Cough itself seldom necessitates specific treatment. Nonetheless, 
cough is not always completely benign (see Table 2.9). Most complica- 
tions are uncommon, and most accompany only very severe cough, 
but some are serious enough to justify treatment of the cough itself. 
Cough suppressants include codeine and hydrocodone (two nar- 
cotics) and dextromethorphan (a nonnarcotic D-isomer of the codeine 
analog of levorphanol). Such agents should be used only for severe 


cough that may produce significant complications (see Table 2.9). For 
most diseases, suppressing the cough offers no advantage. Disadvan- 
tages include narcotic addiction and loss of the protective cough reflex 
with subsequent mucous retention and possible superinfection. 
Demulcent preparations (sugar-containing, bland soothing agents or 
honey) temporarily suppress the cough response from pharyngeal 
sources, and decongestant-antihistamine combinations may reduce 
postnasal drip. 


Cough is important because it is a symptom and sign of underlying 
disease that frequently merits treatment. In the acute setting, severe 
disease, including massive hemoptysis or profound dyspnea or hypox- 
emia, warrants immediate attention, rapid diagnosis, and rapid man- 
agement. Certain chronic conditions, including those that suggest CF 
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and those in which symptoms have persisted and interfere with a 
child’s daily activities and quality of life, warrant further evaluation 
and treatment. Finally, a child whose cough fails to respond to what 
should have been reasonable treatment should be referred to a pulmo- 
nary specialist (Table 2.27). 
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INTRODUCTION 


The main function of the respiratory system is to supply oxygen to 
meet the body's demands and remove excess carbon dioxide. Many 
processes are involved in ensuring that this occurs, including ventila- 
tion (gas delivery to and from the lungs), perfusion (blood supply to 
the lungs) and diffusion (the exchange of gases along the alveoli). 
Respiratory distress arises when there is impaired air exchange that 
leads to decreased ventilation and oxygenation, and can be caused by 
problems in any of these pathways. It is essential to identify and treat 
the cause of respiratory distress to prevent respiratory failure, which 
ensues if the respiratory effort is inadequate to provide appropriate 
tissue oxygenation and maintenance of blood pH. 

Respiratory distress occurs for a variety of reasons and with many 
levels of severity. It can be caused by a change in respiratory drive, 
impaired neuromuscular reserve, or increased ventilatory demand 
(Tables 3.1 and 3.2). 


® Diagnostic Approach 


Signs and symptoms of respiratory distress vary, depending on the 
severity and cause. The initial approach to a patient includes determin- 
ing the severity of illness then determining if immediate treatment is 
needed by first ensuring that airway, breathing, and circulation are 
intact. After these steps are completed, further work-up into the cause 
of respiratory distress may be done. A careful history and physical 
examination is often sufficient to elucidate the cause of respiratory 
distress. Not all causes of respiratory distress arise within the respira- 
tory tract. Heart failure, pulmonary edema, neuromuscular disorders, 
toxic ingestion, and central nervous system disorders may all manifest 
with respiratory signs and symptoms. In severe respiratory distress or 
suspicion of airway obstruction, a feeding trial should not be done as 
this may increase the risk of aspiration or further respiratory 
compromise. 


$ History 


An appropriate medical history is important in the child with acute 
respiratory distress. The chief complaint provides insight into the 
nature of the distress (i.e., cough, wheezing, stridor, dyspnea, and/ 
or chest pain). The onset, duration, and chronicity of symptoms 
should also be obtained. It is important to obtain data regarding 
any prodrome, exacerbating or ameliorating factors, history of trauma, 
previous occurrence of similar symptoms, and response to any therapy. 
Questions should also be directed toward any change in voice or 
cry, change with positioning, feeding problems, or any choking 
episode. The possibility of a foreign body should be raised, although 
this is often not observed. Past medical history of neonatal events 
(prematurity), previous endotracheal intubation, recurrent infections, 
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hospitalizations, noisy breathing, and prior gagging or choking 
episodes may also provide valuable information. A family history 
of asthma and allergies, travel, and environmental exposure (i.e., 
smoking, pets, or irritants) may also uncover etiologic clues. A review 
of systems with regard to systemic signs and symptoms associated 
with respiratory disease, such as fever, weight loss, night sweats, or 
dysphagia, is useful (Table 3.3). 


® Physical Examination 
Pulmonary Physical Examination 


The physical examination begins with measurement of vital signs, 
with attention paid to respiratory rate, pulse oximetry, heart rate, and 
blood pressure. Tachypnea is often the most prominent manifestation 
of respiratory distress. A respiratory rate of more than 50 breaths/min 
in infants 2-12 months of age, 40 breaths/min in children 1-5 years, 
and 30 breaths/min in children older than 5 years is abnormal. The 
physical examination should be performed in a warm, well-lit room, 
preferably with the child in the parent’s lap and the child’s chest 
exposed. It is essential to observe the child’s general appearance, sense 
of well-being, degree of dyspnea or cyanosis, and respiratory pattern, 
including nasal flaring, retractions, and accessory muscle use. Central 
cyanosis (lips, tongue, sublingual tissue as well as hands and feet), 
which is an abnormal blue discoloration, is related both to the degree 
of oxygen desaturation and the hemoglobin level (Table 3.4). Cyanosis 
is detected when the average amount of deoxygenated hemoglobin is 
5 g/dL. Any posture assumed in an effort to minimize the airway 
difficulties should be determined. The degree and location of retrac- 
tions should be noted. Retractions may be intercostal, subcostal, or 
suprasternal, and often signify worsening respiratory distress, particu- 
larly in the older child. Infants have a particularly compliant chest 
wall, and are therefore more predisposed to intercostal and sternal 
retractions; in older children, these features may be less prominent. 
Nasal flaring and accessory muscle use signify significant respiratory 
distress; and, as fatigue sets in, head bobbing and/or grunting can be 
noted, which requires prompt management as this may be a sign of 
impending respiratory failure. Altered mental status (either agitation 
or somnolence) may be indicative of severe respiratory distress, hypox- 
emia, hypercapnia, and impending respiratory failure. Palpation of 
the chest wall and cervical region may enable the examiner to detect 
the presence of subcutaneous emphysema indicative of pulmonary air 
leak. On percussion of the chest and back, a hyperresonant note during 
percussion of the chest wall indicates hyperinflation; whereas, dullness 
to percussion suggests atelectasis, pulmonary consolidation, or pleural 
effusion. 

Auscultation of the chest should focus on identifying the degree of 
air exchange and the presence, timing, and symmetry of adventitious 
breath sounds. Air entry should be evaluated over all discrete anatomic 
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(See Nelson Textbook of Pediatrics, p. 529.) 


TABLE 3.1 


Cause 
Common 


Uncommon 
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Age-Related Causes of Respiratory Distress 


Full-Term Neonate 


Meconium aspiration 
pneumonia 

Congenital heart disease 

Transient tachypnea 

Persistent fetal circulation 

Congenital pneumonia 


Pneumothorax 
Congenital anomalies 
Pneumopericardium 
Polycythemia 


Vocal cord paralysis 

Pleural effusions 

severe anemia 

Pulmonary hypoplasia 
Surfactant protein deficiency 
Pulmonary lymphangiectasia 


Infant- Toddler 


Viral pneumonia’ 

Bacterial pneumonia’ 
Aspiration’ 

Croup (infectious, spasmodic) 
Bronchiolitis 

Cystic fibrosis 
Laryngomalacia 


Asthma 


Congenital anomalies 
Epiglottitis 

Near drowning 
Pulmonary hemosiderosis 
Pulmonary hemorrhage 
Retropharyngeal abscess 
Trauma 

Hydrocarbon aspiration 
Smoke inhalation (burn) 
Airway hemangioma 
Papilloma of vocal cords 
Bacterial tracheitis 
Heart failure 

HIV associated! | 


Child 


Pneumonia’ 

Asthma 

Cystic fibrosis 

sickle cell acute chest crisis 
Aspiration’ 

Tonsillitis 


ARDS 

Anaphylaxis 

Interstitial lung disease’ 

Hemoptysis 

Retropharyngeal abscess 

Near drowning 

Hydrocarbon aspiration 

Trauma 

Pulmonary fibrosis 

Desquamating interstitial 
pneumonia 

Pulmonary alveolar 
proteinosis 

Smoke inhalation (burn) 

HIV associated" 


Adolescent 


Pneumonia” 

Asthma 

Sickle cell acute chest crisis 
Tonsillitis 

Peritonsillar abscess 

Cystic fibrosis 

Panic attack 


ARDS 

Spontaneous 
pneumothorax 

Pulmonary embolism 

Drug-induced** 

Interstitial lung disease’ 

Collagen vascular disease" 

Hypersensitivity pneumonitis” 

Allergic bronchopulmonary 
aspergillosis 

Alveolar proteinosis 

Trauma 

Anaphylaxis 

Smoke inhalation (burn) 

Scoliosis 


Bronchiectasis 
Mediastinal mass*° 
Hemoptysis 

HIV associated! 


*Congenital anomalies = tracheoesophageal fistula; choanal atresia; tracheal web-stenosis-atresia-cleft; diaphragmatic hernia; eventration of the 
diaphragm; congenital pulmonary airway malformation (previously called cystic adenomatoid malformation); lobar emphysema; cleft palate- 
macroglossia (Pierre Robin syndrome); thyroid goiter; pulmonary hypoplasia, including Potter syndrome (renal agenesis, oligohydramnios, 
pulmonary hypoplasia); lung cysts; chylothorax; pulmonary lymphangiectasia; asphyxiating thoracic dystrophy; vascular rings and slings; 
arteriovenous malformation; subglottic stenosis. 

Viral pneumonia: see Table 3.12 for common causes. 

*Pneumonia (infant-toddler): see Table 3.12 for common causes. 

‘Aspiration = gastric fluid or formula aspiration in gastroesophageal reflux, foreign body aspiration. 

'Pneumonia (child): see Table 3.12 for common causes. 

interstitial lung disease = idiopathic, rheumatoid, infection (P. carinii), Langerhans cell histiocytosis, hyoereosinophilia syndromes, Goodpasture 
syndrome, LIP, alveolar proteinosis, familial fibrosis, chronic active hepatitis, inflammatory bowel disease, vasculitis (granulomatosis with 
polyangiitis with or without eosiniphilia, hypersensitivity), graft-versus-host disease, pulmonary venoocclusive disease, sarcoidosis, leukemia, 
lymphoma, neurofibromatosis, tuberous sclerosis, Gaucher disease, Niemann-Pick disease, Weber-Christian disease, organic dusts (e.g., farmer's 
lung, humiditier/air-conditioner lung, bird feeder, pancreatic extract, rodent handler, cheese worker), Inorganic dusts (pneumoconiosis), irradiation. 
*Pneumonia (adolescent): see Table 3.12 for common causes. 

**Drugs = azathioprine, bleomycin, cyclophosphamide, methotrexate, nitrosoureas, busulfan, nitrofurantoin, penicillin, sulfonamides, 
erythromycin, isoniazid, hydralazine, phenytoin, carbamazepine, imipramine, naproxen, penicillamine, cromolyn sodium, mineral oil, paraquat, 
inhaled drugs (cocaine, hydrocarbons), talc, shoe spray. 

"Collagen vascular disease = rheumatoid arthritis, progressive systemic sclerosis, systemic lupus erythematosus, dermatomyositis, mixed 
connective tissue disease. 

Hypersensitivity pneumonia (also called extrinsic allergic alveolitis): see" above for some specific organic dusts (antigens). 

š Mediastinal masses = anterior (teratoma, T-cell lymphoma, thymus, thyroid), middle (lymph nodes-—infection—tumor-sarcoidosis, cysts), 
posterior (neuroenteric cysts—duplication, meningocele, neural tumors—neuroblastoma, ganglioneuroblastoma, neurofibroma, 
pheochromocytoma), and parenchymal tumors (hamartoma, arteriovenous malformation, carcinoid, adenoma; metastatic-osteogenic sarcoma, 
Wilms tumor). 

"HIV associated = P. jiroveci, LIP, CMV, Mycobacterium tuberculosis, atypical mycobacteria, measles, common bacterial pathogens. 

ARDS, acute respiratory distress syndrome; BPD, bronchopulmonary dysplasia; CMV, cytomegalovirus; HIV, human immunodeficiency virus; LIP, 
lymphocytic interstitial pneumonia; RDS, respiratory distress syndrome; RSV, respiratory syncytial virus. 


TABLE 3.2 Causes of Respiratory Distress 


Extrathoracic Intrathoracic 


Nervous System-Metabolic 
Intracranial hemorrhage 


Pulmonary 
Airway obstruction 
Acidosis 

Ingestion (aspirin) 
Ketoacidosis (diabetes) 


Parenchymal lesions: 
pneumonia, hemorrhage, 
malformation 

Air leaks: 
pneumomediastinum, 
pneumothorax 


Meningitis 

shock/sepsis 

Neuromuscular disease 
Diaphragmatic paralysis, paresis 
Psychologic (anxiety) 

Vocal cord dysfunction 

Panic attack 


Pleural effusion, empyema 

Acute respiratory distress syndrome 
Chest wall trauma 

Pulmonary embolus 

Foreign body (airway or esophagus) 
Tumor (cyst, adenoma) 

Cystic fibrosis 


Cardiac 
Myocarditis 


Lesions of Upper Airway 


Malacia 
Web Cardiomyopathy 

Cyst Shunt (left to right) 
Hemangioma Congestive heart failure 
Stenosis (glottic or choanal) Pulmonary edema 


Papillamatosis Pericardial effusion 


Miscellaneous 
Abdominal masses, distention 


Ascites 
Anemia 


locations bilaterally. Homologous segments of each lung should be 
examined sequentially to compare similar areas. The presence of 
adventitious sounds should be determined next. The most commonly 
encountered sounds are wheezing, stridor, crackles, and rhonchi 
(Table 3.5). 

Crackles (previously called “rales”) are intermittent, nonmusical 
low or higher pitched, largely inspiratory noises that are produced by 
the opening of airways closed during the previous expiration. 

Wheezing is a continuous, high-pitched musical noise, similar to a 
hiss or whistle. 

Rhonchi are continuous sounds that are lower pitched and more 
rumbling or sonorous. 

Stridor is a high-pitched musical noise generated by turbulent flow 
of air through the large upper airways. 

Determination of the timing (inspiration, expiration, or biphasic) 
and distribution of the adventitious sounds offers clues as to the 
site of airway and lung involvement. Wheezing that is continuous 
and heard equally over both lung fields is associated with diffuse 
airway narrowing and limitation of airflow, whereas unilateral or 
very localized wheezing or decreased breath sounds suggest seg- 
mental airway obstruction, such as that found with retained foreign 
body aspiration, mucus plugging, or atelectasis. Additionally, inspi- 
ratory stridor is characteristic of partial airway obstruction at or 
above the vocal cords, whereas biphasic or expiratory stridor is 
characteristic of airway obstruction in the subglottic space or trachea 
(Fig. 3.1). 
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Other Parts of the Physical Examination 


Other elements of the physical examination may have direct bearing 
on the respiratory system. Pulsus paradoxus, the difference between 
the systolic blood pressure obtained during inspiration and during 
exhalation, is exaggerated by airway obstruction and pulmonary 
hyperinflation. As pulmonary overinflation gets worse, pulsus para- 
doxus values increase and correlate well with the degree of airway 
obstruction. It is difficult to measure pulsus paradoxus in young chil- 
dren with rapid heart rates. A method that allows a reasonable approxi- 
mation of the pulsus paradoxus can be obtained by using a 
sphygmomanometer and noting the difference between the pressure at 
which the first sporadic faint pulse sounds and the pressure at which 
all sounds are heard. Values greater than 10 mm Hg are abnormal, and 
values greater than 20 mm Hg are consistent with severe airway 
obstruction. Although digital clubbing is occasionally seen as a normal 
and familial variant, its presence in a child with respiratory distress 
suggests an acute illness superimposed on an underlying chronic con- 
dition. The most common pulmonary causes of digital clubbing in 
pediatric patients are cystic fibrosis, bronchiectasis, and other destruc- 
tive pulmonary diseases. Digital clubbing is rarely seen in children with 
asthma. Other physical findings to observe include mouth breathing 
and morphologic features suggestive of craniofacial anomalies, such as 
maxillary hypoplasia, nasal septal deflection, micrognathia, retrogna- 
thia, absent nasal airflow (choanal obstructions), platybasia, or 
macroglossia. 


® Laboratory Tests 


The arterial blood gas analysis, obtained while the patient is breathing 
a known fraction of inspired oxygen (Fio,), is the “gold standard” for 
assessing oxygenation, ventilation, and acid-base status. In lieu of an 
arterial blood gas determination, capillary or venous blood gases may 
be utilized, but these are less helpful for evaluating oxygenation. Non- 
invasive measurement of oxygenation by pulse oximetry can provide 
valuable information. Oximetry measures the degree of hemoglobin 
saturation with oxygen and should not be confused with partial pres- 
sure of oxygen in the blood, as measured by blood gas analysis or 
estimated by transcutaneous measures. At or near sea level, hemoglo- 
bin oxygen saturation lower than 93% indicates that significant hypox- 
emia may be present, and saturations of 90% or lower are clearly 
abnormal. A blood gas analysis may be necessary to confirm the pres- 
ence and degree of hypoxemia, as well as information on acid-base 
status (pH) and ventilation (Paco,). Hemoglobin oxygen saturation, 
measured by pulse oximetry, cannot detect significant hypoxia, but it 
is relatively accurate at oxygen saturations of 70% or more. Various 
conditions, such as poor circulation, presence of carboxyhemoglobin 
or methemoglobin, nail polish, and improper sensor alignment and 
motion, can result in inaccurate oximetry measures. 

® Imaging 

Radiography 

A plain radiograph of the chest, taken in the posterior-anterior and 
lateral projections, should be obtained in any patient with respiratory 
distress in which an etiology has not been determined from the history 
and physical examination. Important information regarding the pres- 
ence of parenchymal infiltrates, effusion, airway obstruction, cardiac 
size, pulmonary vascular markings, extrapulmonary air leaks, and the 
presence of radiopaque foreign bodies may be obtained from this test. 
Radiopaque foreign bodies are generally seen easily on a radiograph. 
If there is a possibility of a radiolucent foreign body, inspiratory 
and expiratory chest radiographic studies must be performed. Dem- 
onstration of unilateral hyperinflation or a mediastinal shift during 
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TABLE 3.3 Focused History for a Patient with Respiratory Distress 


Component Comments and Examples 


Onset, duration, and chronicity Abrupt onset: suggests upper airway conditions such as foreign body, allergy, anaphylaxis, irritant exposure or pulmonary 
embolism 
Gradual onset: more consistent with process such as infection or heart failure 


Alleviating and provoking factors A child with respiratory distress caused by upper airway obstruction may have some degree of relief by assuming the 
“sniffing position” to maximize airway patency 


Treatment attempted A child with wheezing secondary to asthma may respond readily to inhaled bronchodilators, but a child with wheezing 
caused by foreign body aspiration may continue to show symptoms after treatment 


Respiratory symptoms Cold symptoms: may indicate viral upper respiratory infection 

Cough: “seal-like” or “barky” cough is commonly heard in patients with croup 

Eliciting descriptions of the difficulty breathing may provide clues to the underlying cause (e.g., supraclavicular or 
suprasternal retractions point to upper airway obstruction) 

Color change: Pallor may indicate anemia; cyanosis is indicative of decreased oxygen content in the blood, as seen in 
some forms of congenital heart disease and in methemoglobinemia 

Respiratory effort: Poor effort may be seen in patients with underlying muscular dystrophies 

Change in voice: Whereas muffled or hoarse voice points to upper airway pathology, lower airway disease does not 
typically change the character of the voice 


Systemic or associated symptoms Fever: Presence suggests an infectious cause 
Hydration status, including intake and output (urine, emesis, diarrhea, excessive perspiration, or high respiratory rate) 
Weight loss or failure to gain weight: may indicate systemic process (e.g., inborn error of metabolism) or the severity of 
respiratory distress is impairing growth (as seen in congestive heart failure) 
Abdominal pain: may suggest abdominal pathology such as obstruction or appendicitis or may represent referred pain 
from diaphragmatic irritation (as in basilar pneumonia) 

Past medical history Underlying disorders may predispose patients to certain conditions: For example, a patient with sickle cell disease and 
respiratory distress may be exhibiting signs of acute chest syndrome; a patient with known gastroesophageal reflux 
and coarse lung findings on examination could have an aspiration pneumonia 

Exposures or environmental factors For example, a patient involved in a fire may not only be affected by thermal injury to the airways but also systemic 
toxins such as carbon monoxide and cyanide 

A patient with allergy and a potential exposure to the allergen could be showing signs of anaphylaxis 

Trauma History of trauma suggests diagnoses such as pneumothorax, flail chest, cardiac tamponade, or abdominal injury 

Immunization status Children with incomplete or lack of immunization against Haemophilus influenzae type B are at increased risk for 
epiglottitis 

Last oral intake If advanced airway management becomes necessary [e.g., positive-pressure ventilation), the presence of stomach 
contents may increase the risk of pulmonary aspiration 


From Viteri SD, Sampayo EM. Respiratory distress. In: Florin TA, Ludwig S, eds. Netter’s Pediatrics. Philadelphia: Elsevier; 2011:17-23. 


expiration suggests localized bronchial obstruction, such as a retained 
foreign body. Lateral decubitus positioning of the patient during the 
radiographic procedure can reveal a pleural effusion in the lower 
CYANOSIS APPEARS AT* dependent lung. Ultrasonography of the chest is also useful in detect- 
ing pleural fluid and loculations within pleural effusions. 


TABLE 3.4 Cyanosis and 
Hemoglobin Concentration 


Oxygen Arterial Po, I I 
: : In patients with stridor, anteroposterior and lateral soft tissue 
Hemoglobin Saturation (mm Hg) 
` O I | radiographic studies of the neck and chest are frequently needed. These 
Concentration (g/dL) (%) Below: Below: ee 
should be obtained during inspiration, because the soft tissues of the 
60 31 pharynx may bulge with expiration, causing a false-positive finding of 
10 36 a soft tissue mass that may mimic a retropharyngeal infection. 
76 40 
90 45 Computed Tomography 
83 47 Computed tomography (CT) of the upper airway and chest can help 


detect the relationship of the vasculature to the airways (trachea and 
large central airways); pulmonary parenchymal lesions (infiltrates, 
8/ o4 abscesses, cysts) or lesions (abscesses, inflammation) in the airway; and 
88 56 central airway caliber. Rapid, fine-cut CT is a technique of high resolu- 
tion and short duration, which increases its acceptability for pediatric 
patients. It is the method of choice for noninvasive detection and 
evaluation of bronchiectasis and interstitial lung disease. Helical CT is 
a valuable method of detecting pulmonary embolism. 


85 o0 


* These figures assume that central cyanosis begins to appear when 
2.38 g/dL of deoxygenated hemoglobin accumulates in arterial blood. 
The corresponding PO; was obtained from standard hemoglobin 
dissociation curves for oxygen. 

From McGee S: Cyanosis. In Evidence-Based Physical Diagnosis. 3rd 
ed. Philadelphia: Elsevier; 2012: 71. 
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TABLE 3.5 Classification of Common Lung Sounds 


Acoustic Characteristics 


200-600 Hz 

Decreasing power with increasing Hz 
75-1600 Hz 

Flat until sharp decrease in power (900 Hz) 


Normal 


Adventitious 

Discontinuous, interrupted explosive sounds (loud, low in 
pitch), early inspiratory or expiratory 

Discontinuous, interrupted explosive sounds (less loud 
than above and of shorter duration; higher in pitch than 
coarse crackles or crackles), mid- to late inspiratory 

Continuous sounds (>250 msec, high-pitched; dominant 
frequency of 400 Hz or more, a hissing sound) 

Continuous sounds (>250 msec, low-pitched; dominant 
frequency <200 Hz, a snoring sound) 


American Thoracic 


Society Nomenclature Common Synonyms 


Normal Vesicular 


Bronchial 
Tracheal 


Bronchial 


Abnormal 
Coarse crackles 


Adventitious 
Coarse crackles 


Fine crackles Fine crackles, crepitation 


Wheezes sibilant rhonchus, high-pitched wheeze 


Rhonchi sonorous rhonchus, low-pitched wheeze 


From Davis JL, Murray JF. History and physical examination. In: Broaddus VC, Mason RJ, Ernst JD, et al. Murray and Nadel’s Textbook of 
Respiratory Medicine. 6th ed. Philadelphia: Saunders-Elsevier; 2016: 263-277e2. 


Stridor 


Inspiratory 
— Supraglottic/epiglottic 
— Vocal cords/glottic 
e Biphasic 
— Glottic 
— Subglottic 


Expiratory 
— Tracheal 
— Bronchial 


FIGURE 3.1 Stridor. Inspiratory stridor is characteristic of partial airway 
obstruction at or above the vocal cords (supraglottic/epiglottic and 
glottis areas). Biphasic stridor is characteristic at the glottis or subglottic 
areas, and is typically caused by a fixed obstruction. Expiratory stridor 
is characteristic of a high tracheal lesion as there is a decrease In airway 
diameter with expiration. (From Ida JB, Thompson DM. Pediatric stridor. 
Otolaryngol Clin North Am. 2014;47:795-819.) 


Magnetic Resonance Imaging 


Magnetic resonance imaging (MRI) of the pulmonary system may also 
be useful in elucidating the relationship of the great vessels to the 
airways and may be superior to CT for this purpose. MRI is less useful 
for imaging the lung parenchyma. The need for long imaging times 
often means sedation for young children, and this limits the utility of 
MRI imaging of the chest for some pediatric patients. Sedatives must 
be used very carefully, particularly in patients with respiratory distress, 
and only in monitored situations with the availability of experienced 
personnel and equipment to provide possible resuscitation. 


Fluoroscopy 


Fluoroscopic examination of the chest may be useful in determining 
the cause of respiratory distress. Real-time visualization of the 


diaphragm can determine whether paralysis or paresis of this major 
muscle of respiration is contributing to respiratory distress. Asym- 
metric chest wall motion or unilateral hyperinflation during the respi- 
ratory cycle suggests bronchial obstruction, such as that seen with a 
retained foreign body in the airways. An upper gastrointestinal (GI) 
series is useful to assess for abnormalities of swallowing causing aspi- 
ration, presence of tracheoesophageal fistula, or presence of a vascular 
ring. 


Endoscopy 


Endoscopy can provide direct visualization of the cause of the airway 
obstruction and lung lesions; its use involves manipulation of the 
airway, which should not be undertaken unless the personnel and 
equipment are present to manage possible worsening airway compro- 
mise. Flexible, direct laryngoscopy is widely used to visualize the upper 
airway without the need for sedation. Rigid bronchoscopy provides 
visualization of both the upper and lower airways; cardiopulmonary 
monitoring and intravenous access for sedative administration are 
required. In cases of significant upper airway obstruction necessitating 
intervention, or if there is any likelihood of a foreign body, direct 
laryngoscopy and rigid bronchoscopy in the operating room are the 
safest procedures that can secure the airway, provide a diagnosis, and 
accomplish treatment. 


CAUSES OF RESPIRATORY DISTRESS 
Wheezing 


Wheezing is best characterized as a continuous, musical sound most 
often heard on expiration, but it may occur in both phases of res- 
piration. The most common cause of acute wheezing in children is 
asthma. However, it is critical to rule out other causes of wheezing 
that necessitate different therapy (Table 3.6). Anatomic abnormalities 
of the airway, such as vascular ring, tracheobronchomalacia, ciliary 
dyskinesia, and foreign body aspiration, may cause airway obstruction 
and wheezing, especially in infants and young children. Viral infec- 
tions, notably those of respiratory syncytial virus (RSV), human 
metapneumovirus, adenovirus, parainfluenza, and influenza, are also 
common causes of wheezing in infants and young children. Infection 
with Mycoplasma species may produce airway hyperactivity in older 
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TABLE 3.6 Causes of Wheezing in Childhood 


Acute 


Reactive Airways Disease 
Asthma™ 

Exercise-induced asthma” 
Hypersensitivity reactions 
Anaphylaxis 


Bronchial Edema 

Infection® (bronchiolitis, ILD, pneumonia) 
Inhalation of irritant gases or particulates 
Increased pulmonary venous pressure 


Bronchial Hypersecretion 
Infection 
Inhalation of irritant gases or particulates 


Cholinergic drugs 


Aspiration 
Foreign body" 
Aspiration of gastric contents (reflux, H-type TEF) 


Chronic or Recurrent 

Reactive Airways Disease (Same as in Acute) 
Hypersensitivity Reactions, Allergic Bronchopulmonary 
Aspergillosis 


Dynamic Airways Collapse 
Bronchomalacia 

Tracheomalacia 

Vocal cord adduction* 


*Common. 
ILD, interstitial lung disease; TEF, tracheoesophageal fistula. 


Airway Compression by Mass or Blood Vessel 
Vascular ring/sling 

Anomalous innominate artery 

Pulmonary artery dilation (absent pulmonary valve) 

Bronchial or pulmonary cysts 

Lymph nodes or tumors 


Aspiration 

Foreign body 

Gastroesophageal reflux” 

Tracheoesophageal fistula (repaired or unrepaired) 


Bronchial Hypersecretion or Failure to Clear Secretions 
Bronchitis, bronchiectasis 

Cystic fibrosis 

Dyskinetic (immotile) cilia syndrome 

Immunodeficiency disorder 

Vasculitis 

Lymphangiectasia 

,-Antitrypsin deficiency 


Intrinsic Airway Lesions 
Endobronchial tumors 

Endobronchial granulation tissue 

Plastic bronchitis syndrome 

Bronchial or tracheal stenosis 
Bronchiolitis obliterans 

sequelae of bronchopulmonary dysplasia 
Sarcoidosis 


Congestive Heart Failure 


Modified from Kercsmar CM. The respiratory system. In: Behrman RE, Kliegman RM, eds. Nelson Essentials of Pediatrics. 2nd ed. Philadelphia: 


WB Saunders; 1994:445. 


children. Other entities to consider are cystic fibrosis, interstitial lung 
disease, or vocal cord dysfunction. In comparison with asthma, one 
key distinguishing feature of these diagnoses is that the wheezing 
does not respond to treatment with bronchodilators. 


Asthma 


Asthma is defined as airway obstruction that is reversible either spon- 
taneously or with the use of medication. Chronic airway inflammation 
and bronchial hyperresponsiveness are the likely causes of the 
airway obstruction. The airways of patients with even mild asthma 
demonstrate inflammation, manifested as mucosal edema, hypersecre- 
tion of mucus, smooth muscle constriction, and inflammatory cell 
infiltrate. Even when asthma symptoms are not present, airway inflam- 
mation may be demonstrated. Furthermore, bronchial hyperrespon- 
siveness, the tendency of airway smooth muscle to constrict in response 
to a variety of environmental stimuli, is present in virtually all children 
with asthma and may be exacerbated by airway inflammation. Airway 
remodeling, the deposition of collagen in the subepithelial basement 
membrane area, occurs in some but not all asthmatic patients. Fixed 
airway obstruction is a long-term complication that may occur as a 
result of airway remodeling. 


The diagnosis of asthma is made by a combination of history, 
physical examination and spirometry testing. For the child with acute 
wheezing and respiratory distress, a therapeutic trial of an inhaled 
-agonist is the best “diagnostic test” for reversible airway obstruction. 
Once the acute symptoms have improved, other diagnostic studies can 
be undertaken. Spirometry, particularly measurement of the forced 
expiratory volume in ] second (FEV,) and mid-maximal forced expira- 
tory flow rates (FEF,5_75.,), provides a good indication of airflow 
obstruction in the larger and smaller airways, respectively. If airway 
obstruction is detected in the resting state, a bronchodilator (typically 
albuterol) is administered, and spirometry is repeated. An improve- 
ment of 212% and 2200 mL in FEV, above baseline is considered 
significant and indicative of reversible airway obstruction (Fig. 3.2). If 
the baseline spirometry is normal, an inhalation challenge test, with 
either increasing doses of methacholine or hyperventilation of cold, 
dry air can provoke a statistically (but usually not clinically) significant 
decrease in FEV); a fall in FEV, of 10% or greater is considered diag- 
nostic of airway hyperresponsiveness and asthma. In children too 
young to perform spirometry (typically under the age of 5 years), 
the repeated nature of wheezing episodes and the improvement in 
symptoms after treatment with antiinflammatory agents and 
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(See Nelson Textbook of Pediatrics, p. 1095.) 


Spirometry 

FVC Litres 
FEV4 Litres 
FEV4/FVC 
FEF25-75% L/sec 
PEF L/sec 
PIF L/sec 


L/sec 
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Time 


FIGURE 3.2 Spirometry demonstrating a scooped flow volume loop seen in obstructive disease in asthma. 
Following bronchodilator use (PRED, predicted) there is a positive bronchodilator response of >12% in forced 
expiratory volume in 1 second (FEV,). FEF, forced expiratory flow rate; FVC, forced vital capacity; PEF, peak 
expiratory flow rate; PIF, peak inspiratory flow rate. (From South M, Isaacs D: Practical Paediatrics. 7th ed. 


Oxford: Churchill Livingstone; 2013.) 


bronchodilators, peripheral blood eosinophilia (>4%), a family history 
of atopy, and/or a personal history of atopy (eczema, food allergy, or 
allergic rhinitis) are strongly suggestive of the diagnosis of asthma. 
Other studies include measurement of total serum immunoglobulin E 
(IgE) levels. This immunoglobulin is often elevated in individuals with 
asthma and/or allergy, as well as in those predisposed to asthma. 

Patients with acute asthma typically present with shortness of 
breath, wheezing, cough, and increased work of breathing. Persistent 
cough may be the most prominent or even sole feature of acute asthma 
(see Chapter 2). Many asthma episodes are misdiagnosed as bronchitis 
(which is rare in children). Chest wall retractions and the use of acces- 
sory muscles indicate significant airway obstruction. Acute asthma 
exacerbations that are unresponsive to aggressive bronchodilator 
administration are termed status asthmaticus. The severity of asthma 
exacerbation may be assessed with the parameters presented in Table 
3.7. Common triggers of acute episodes include upper respiratory tract 
infections, exposure to cold air, exercise, allergens, pollutants, strong 
odors, and tobacco smoke. 

A brief history should be obtained for every child with acute asthma 
to determine the duration of symptoms, the character of previous 
episodes (severity, need for hospitalization, and need for intensive care, 
including mechanical ventilation), antecedent illness, symptoms, expo- 
sures, and both chronic and acute use of medications, including dose 
and time of last administration. History should also focus on identify- 
ing risk factors for severe asthma (Table 3.8) and classification of 
asthma type, which are based on age (Figs. 3.3, 3.4, and 3.5). It is also 
important to assess the degree of asthma control. The physical exami- 
nation should focus on respiratory rate, air exchange, degree and 


localization of wheezing, other adventitious lung sounds, mental 
status, presence of cyanosis, and degree of fatigue. A chest radiograph 
should be obtained for all patients with a first episode of wheezing to 
evaluate for other causes of wheezing. Patients with recurrent asthma 
should have a chest radiograph if there is evidence for a foreign body 
or pneumonia, or concern for a pneumothorax. Chest radiograph 
findings in asthma are nonspecific, but they usually show symmetric 
hyperinflation and increased peribronchial thickening. Spirometry has 
limited efficacy in the emergency management of status asthmaticus. 
Although peak expiratory flow rates are often measured, this test is a 
measure of large airway function only, is effort dependent, and may be 
unreliable in an anxious, untrained patient. The major value of peak 
flow measurements in acute asthma is to provide an objective trend 
indicative of improvement (or lack thereof) in airway caliber if fre- 
quent and scheduled treatments are needed. 

A complete blood cell count is not of use unless other complicating 
conditions (i.e., bacterial infection, anemia, hemoglobinopathy) are 
suspected. Serum electrolyte measurements are of little value unless 
dehydration is suspected. Hypokalemia is associated with the frequent 
administration of {$-agonists. 

Treatment of acute asthma should be instituted in any child with 
wheezing, dyspnea, cough, and no other immediately discernible cause 
of the symptoms. Patients with moderate to severe airway obstruction 
have significant hypoxemia as a result of ventilation-perfusion mis- 
match. Consequently, supplemental humidified oxygen should be 
administered to any child who has significant wheezing, accessory 
muscle use, or an oxygen saturation of <93%. The mainstay of treatment 
for an asthma exacerbation is the administration of an inhaled 
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TABLE 3.7 Severity of Asthma Exacerbations 


Symptoms 
Breathlessness 


Talks in 
Alertness 


Signs 
Respiratory rate 


Use of accessory muscles; 
suprasternal retractions 


Wheeze 


Pulse/minute 


Pulsus paradoxus 


Functional Assessment 


PEF percent predicted or 
percent personal best 


PaO, (on air) 


and/or PCO, 


Sao; (on air) at sea level 


Mild 


While walking 


Can lie down 
Sentences 
May be agitated 


Increased 


Usually not 


Moderate, often 
only end expiratory 


<100 


Absent <10 mm Hg 


210% 


Normal (test not 
necessary) 


<42 mm Hg (test not 
usually necessary) 


>95% (test not 


Moderate 


While at rest 
(infant—softer, shorter 
cry; difficulty feeding) 

Prefers sitting 

Phrases 


Usually agitated 


Severe 


While at rest 
(infant—stops feeding) 


Sits upright 
Words 
Usually agitated 


Increased Often >30/min 
Guide to rates of breathing in awake children: 
Age Normal rate 
<2 mo <60/min 

2-12 mo <50/min 

1-5 yr <40/min 

6-8 yr <30/min 
Commonly Usually 


Loud; throughout 
exhalation 


100-120 


Usually loud; throughout 
inhalation and exhalation 


>120 


Guide to normal pulse rates in children: 


Age 

2-12 mo 

1-2 yr 

2-8 yr 

May be present 
10-25 mm Hg 


~40-69% or response 
lasts <2 hr 


>60 mm Hg (test not 
usually necessary) 


<42 mm Hg (test not 
usually necessary) 


90-95% (test not usually 


Normal rate 
<160/min 

<120/min 

<110/min 

Often present 

>25 mm Hg (adult) 
20-40 mm Hg (child) 


<40% 


<60 mm Hg: possible 
cyanosis 

>42 mm Hg: possible 
respiratory failure 

<90% 


Respiratory Arrest 
Imminent 


Drowsy or confused 


Paradoxical thoracoabdominal 
movement 


Absence of wheeze 


Bradycardia 


Absence suggests respiratory 
muscle fatigue 


<25% 
Note: PEF testing may not be 
needed in very severe attacks 


usually necessary) necessary) 


Hypercapnia (hypoventilation) develops more readily in young children than in adults and adolescents. 


PaO», arterial oxygen pressure; PCO,, partial pressure of carbon dioxide; PEF, peak expiratory flow; SaO., oxygen saturation. 
From NHLBI/National Asthma Education and Prevention Program, Expert Panel Report 3: Guidelines for the Diagnosis and Management of 


Asthma. NIH Publication; 2007. 


fs-adrenergic agonist and systemic corticosteroids. Inhalation of $- 
agonist by nebulizer or metered-dose inhaler is the route of choice 
because the onset of action is rapid, sustained, and relatively free of 
significant side effects even in the most severely affected patients. Anti- 
cholinergic agents (ipratropium bromide), when combined with a 
{$-agonist as inhaled treatment, can provide additional bronchodilation. 
The effect is most marked in children who present to the emergency 
department with significant airway obstruction. With few exceptions, 
any patient who presents with wheezing responsive to bronchodilator 
therapy or any patient requiring hospital admission should receive 


corticosteroids. In severe respiratory distress, intravenous (IV) magne- 
sium or theophylline (or the intravenous formulation aminophylline) 
may be of benefit. A small percentage of children with acute asthma 
progresses to severe status asthmaticus and respiratory failure. A 
number of clinical signs and symptoms define respiratory failure in such 
severely affected patients: a Pao, less than 60 mm in room air or cyanosis 
in 40% Fio,, a Paco, of 40 mm or higher or rising and accompanied by 
respiratory distress, deterioration in clinical status in spite of aggressive 
treatment, a change in mental status, and fatigue. Patients meeting any 
of these criteria should be admitted to an intensive care unit. 


TABLE 3.8 Risk Factors for Death 
from Asthma 


Asthma History 

Previous severe exacerbation (e.g., intubation or ICU admission for asthma) 

Two or more hospitalizations for asthma in the past year 

Three or more ED visits for asthma in the past year 

Hospitalization or ED visit for asthma in the past month 

Using >2 canisters of SABA per month 

Difficulty perceiving asthma symptoms or severity of exacerbations by 
patient, family, and physician 

Other risk factors: lack of a written asthma action plan, sensitivity to 
Alternaria 


Social History 

Low socioeconomic status or inner-city residence 
Illicit drug use 

Major psychosocial problems 


Comorbidities 
Cardiovascular disease 
Other chronic lung disease 
Chronic psychiatric disease 


ED, emergency department; ICU, intensive care unit; SABA, 
short-acting B.-agonist. 

From National Heart, Lung and Blood Institute. Expert Panel Report 3 
[EPR 3]. Guidelines for the Diagnosis and Management of Asthma. 
Available at: http://www.nhibi.nih.gov/guidelines/asthma/asthgdin.htm 


Identification and treatment of chronic asthma requires careful 
assessment of the severity of the disease, according to frequency and 
intensity of symptoms, and subsequent grading into mild, moderate, 
and severe categories (see Figs. 3.3, 3.4, and 3.5). All patients except 
those with mild intermittent disease are best managed with chronic 
administration of an inhaled antiinflammatory agent (corticosteroids) 
and the intermittent use of an inhaled -agonist for treatment of acute 
wheezing episodes. Leukotriene receptor antagonists may be consid- 
ered as an alternative preventive therapy for mild asthma. Oral corti- 
costeroids are administered for short intervals to control more severe 
exacerbations. Avoidance of environmental triggers (allergens, tobacco 
smoke) is also paramount to successful management. 


Bronchiolitis 


Bronchiolitis is a common, acute viral infection of the distal lower 
respiratory tract, and is characterized as lower airway obstruction sec- 
ondary to airway edema, mucous and cellular debris. Impaired gas 
exchange can occur as a result of airway obstruction and ventilation- 
perfusion inequalities. RSV is the most important respiratory patho- 
gen in infants and young children. It has been identified as the etiologic 
agent in 5%-40% of pneumonias in young children. Other viruses, 
such as adenovirus, influenza, human metapneumovirus, and parain- 
fluenza, can also cause bronchiolitis. The most severe disease occurs in 
infants younger than 6 months. By 5 years of age, 95% of all children 
have serologic evidence of RSV infection. Reinfections are common in 
older children and adults, because immunity to RSV is short lived and 
incomplete. In older children and adolescents, infections with RSV are 
often limited to the upper respiratory tract. In temperate climates, RSV 
epidemics occur yearly, beginning in midwinter and persisting through 
early spring. 

In infected infants, upper respiratory tract symptoms usually 
precede the lower respiratory tract involvement by 3-7 days. Low-grade 
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fever, rhinitis, and pharyngitis are common signs in the initial phase 
of the disease. This then progresses to cough, increased work of breath- 
ing, and wheezing (see Chapter 2). Apnea may also occur, particularly 
in infants less than 3 months of age. Chest wall retractions and dyspnea 
are frequently observed, and adventitious sounds (wheezing, crackles) 
are appreciated on auscultation of the chest. Most children with bron- 
chiolitis demonstrate clinical improvement after 5-7 days, but the 
duration of illness can be as long as 21 days. Bacterial superinfection of 
the lower respiratory tract is rare. Approximately 30% of infants with 
bronchiolitis caused by RSV have recurrent episodes of wheezing 
caused by bronchial hyperactivity and are diagnosed with asthma. This 
is in part due to persistent inflammation of the distal respiratory tract 
produced by the viral infection. 

The clinical determination of the severity of the lower respiratory 
tract involvement in infants infected with bronchiolitis can be dif- 
ficult. Physical findings often associated with respiratory distress, such 
as tachypnea, intercostal retractions, and wheezing, are not necessarily 
correlated with the level of hypoxemia. Carbon dioxide retention 
secondary to alveolar hypoventilation is not a common finding in 
otherwise normal children, but hypercapnia and acute respiratory 
acidosis can be serious problems in infants with chronic pulmonary 
disease or congenital heart disease. Chest radiograph findings include 
a diffuse interstitial pneumonitis and bilateral lung overinflation; 
alveolar infiltrates or consolidation are present in approximately 20% 
of children. Infants with congenital heart disease, pulmonary hyper- 
tension, prematurity, and young age (<12 weeks) have an increased 
rate of severe disease and mortality; the course of illness is usually 
prolonged, and intensive care and mechanical ventilation are fre- 
quently needed. 

The diagnosis of bronchiolitis is usually made on clinical grounds. 
Bronchiolitis is most common in children under 2 years of age and 
should be suspected in the wheezing child who has current or anteced- 
ent upper respiratory tract infection symptoms in the late fall or winter 
months. The definitive diagnosis of RSV or other viral infection is 
based on the presence of the viral genome in respiratory secretions. 
This testing is often not needed if the clinical findings are consistent 
with bronchiolitis. Polymerase chain reaction (PCR) testing is specific, 
accurate, and has a short turnaround time in identifying the virus from 
nasopharyngeal swabs. 

Suctioning and supplemental oxygen remain the cornerstone of 
treatment for bronchiolitis. Unlike asthma, the wheezing accompany- 
ing bronchiolitis is often less responsive to bronchodilators. Nonethe- 
less, patients with significant hypoxia and hypercapnia may receive a 
trial treatment with aerosol bronchodilators to determine if this may 
improve symptoms, which may be continued if infants do show 
improvement. Infants with bronchiolitis do not respond to treatment 
with antiinflammatory agents, such as corticosteroids, so these are not 
recommended. Severely ill patients may require mechanical ventila- 
tion; heated, humidified, high-flow nasal cannula oxygen has been 
shown to decrease intubation rates and can be used in children with 
severe respiratory distress. Other modalities, such as hypertonic or 
normal saline aerosols, PEP (positive expiratory pressure) therapy, and 
chest physiotherapy have shown mixed results, but may be of benefit 
for patients who are hospitalized. Treatment with exogenous surfactant 
or helium-oxygen mixtures for severely ill infants requiring intubation 
and mechanical ventilation has yielded mixed results and remains 
experimental. 

Monthly administration (intramuscularly) of a humanized mono- 
clonal antibody (palivizumab) against RSV can reduce morbidity from 
bronchiolitis but does not completely prevent infection. Infants at high 
risk (infants who are premature, those with bronchopulmonary dys- 
plasia or other forms of chronic obstructive pulmonary disease, those 
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(See Nelson Textbook of Pediatrics, p. 2053.) 
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Classification of Asthma Severity 
(0—4 years of age) 


ansa C a T 


>2 days/week . 
Symptoms <2 days/week but not daily Daily 
awakenings 
Impairment 


Components of 
Severity 


Throughout 
the day 


>1x/week 


Short-acting 
beta,-agonist use 
for symptom 
control (not 
prevention of EIB) 


Interference with i u ce -s 
normal activity Minor limitation Some limitation | Extremely limited 
0-1/year 

>1 day AND risk factors for persistent asthma 


Consider severity and interval since last exacerbation. 


Frequency and severity may fluctuate over time. 
Exacerbations of any severity may occur in patients in any severity category. 


Step 3 and consider short course of 
Step 1 Step 2 oral systemic corticosteroids 


In 2—6 weeks, depending on severity, evaluate level of asthma control that is 
achieved. If no clear benefit is observed in 4—6 weeks, consider adjusting 
therapy or alternative diagnoses. 


Several times 
per day 


>2 days/week 


=e days Wó6k but not daily 


>2 exacerbations in 6 months requiring oral systemic 


F Pars corticosteroids, or >4 wheezing episodes/1 year lasting 


requiring oral 
systemic 
corticosteroids 


Recommended Step for 
Initiating Therapy 


Key: EIB, exercise-induced bronchospasm 
Notes 


e The stepwise approach is meant to assist, not replace, the clinical decisionmaking required to meet individual 
patient needs. 


e Level of severity is determined by both impairment and risk. Assess impairment domain by patient's/caregiver's 
recall of previous 2—4 weeks. Symptom assessment for longer periods should reflect a global assessment such as 
inquiring whether the patient’s asthma is better or worse since the last visit. Assign severity to the most severe 
category in which any feature occurs. 


e At present, there are inadequate data to correspond frequencies of exacerbations with different levels of asthma 
severity. For treatment purposes, patients who had =2 exacerbations requiring oral systemic corticosteroids in the 
past 6 months, or >4 wheezing episodes in the past year, and who have risk factors for persistent asthma may be 
considered the same as patients who have persistent asthma, even in the absence of impairment levels consistent 
with persistent asthma. 


FIGURE 3.3 Classifying asthma severity ages 0-4. (From NHLBI/National Asthma Education and Prevention 
Program, Expert Panel Report 3: Guidelines for the Diagnosis and Management of Asthma. NIH Publication; 


2007.) 


with complex congenital heart disease) who are younger than 2 years 
are most likely to benefit. 


Mycoplasma pneumoniae Infections 


One of the basic tenets regarding respiratory infections in children is 
that “bacteria do not make you wheeze.” Mycoplasma pneumoniae is an 
exception to that rule and should be considered in an older child who 
presents with new-onset wheezing. In addition, infections with M. 
pneumoniae can precipitate exacerbations in patients with asthma. 
Other clinical manifestations of M. pneumoniae infections include 
cough, fever/chills, rhinorrhea, and otitis media (see Chapter 2). Extra- 
pulmonary manifestations, such as hemolytic anemia, rash, cardiac 
disease, polyarthritis, transverse myelitis, and central nervous system 
(CNS) disease, may also be present. The incidence of M. pneumoniae 
infection peaks between the ages of 5 and 19 years; the organism 
usually does not produce disease in children younger than age 2. Infec- 
tions with M. pneumoniae tend to be seasonal, occurring most fre- 
quently during autumn and early winter. 

The findings of M. pneumonia on chest radiographs are variable. A 
diffuse, bilateral, reticular infiltrate is the classic appearance. However, 
lobar, alveolar, and interstitial infiltrates have also been described. 
Enlargement of hilar or peritracheal lymph nodes may also be evident. 


Pleural effusions (usually small) are found in 14% of patients with M. 
pneumoniae. Atypical pneumonia (diffuse infiltrates with nonlobar 
pattern; fever, malaise, myalgias) is often caused by M. pneumoniae but 
may also be caused by Chlamydia pneumoniae, Legionella species, and 
other related pathogens. PCR may help to confirm a diagnosis. Treat- 
ment is with azithromycin. Doxycycline or fluoroquinolones may also 
be used in older children. 


Vocal Cord Dysfunction 


A functional disorder that mimics asthma, vocal cord dysfunction is 
typically manifested as wheezing, dyspnea, and shortness of breath 
refractory to treatment with inhaled bronchodilators. Vocal cord dys- 
function should be considered in patients with wheezing who present 
with atypical findings or those who are difficult to treat. The wheezing 
is produced by adduction of the vocal cords during inspiration and 
expiration. The resultant high-pitched inspiratory and expiratory 
noises are transmitted to the chest, although the sounds are best appre- 
ciated over the larynx. Despite the patient’s apparent dyspnea, gas 
exchange is usually unaffected. Spirometry shows variable flattening of 
the inspiratory flow loop. The diagnosis is established by direct laryn- 
goscopy, which demonstrates paradoxical motion of the vocal cords. 
Speech therapy is the treatment of choice. 
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Classification of Asthma Severity 
(5—11 years of age) 


a w 


>2 days/week I Throughout 
Symptoms <2 days/week but not daily Daily the day 
Nighttime = >1x/week 
awakenings <2x/month 3—4x/month but nightly Often 7x/week 
Impairment 


Components of 
Severity 


Short-acting 
beta,-agonist use for >2 days/week : Several times 
symptom control (not| <? days/week | “but not daily Day per day 
prevention of EIB) 


Interference with ; ee Baas eae 
normal activity Minor limitation Some limitation Extremely limited 


e Normal FEV, 
between 
exacerbations 
Lung function |. FEV, >80% *FEV,;=>80% |° FEV, = 60-80% * FEV, <60% 
predicted predicted predicted predicted 
° FEV, /FVC >85% | FEV, /FVC >80% | ° FEV, /FVC = 75-80% | ° FEV, /FVC <75% 


0-1/year (see note) | >2/year (see note) =————:.U 


Consider severity and interval since last exacerbation. 
Frequency and severity may fluctuate over time for patients in any severity category. 


Exacerbations 
: requiring oral 
Risk systemic 
corticosteroids 
Recommended Step for 
Initiating Therapy 


Relative annual risk of exacerbations may be related to FEV.. 


Step 3, medium- | Step 3, medium-dose 
dose ICS option | ICS option, or step 4 
and consider short course of 
oral systemic corticosteroids 


In 2—6 weeks, evaluate level of asthma control that is achieved, and adjust therapy 
accordingly. 


Step 1 


Key: EIB, exercise-induced bronchospasm; FEV,, forced expiratory volume in 1 second; FVC, forced vital capacity; 
ICS, inhaled corticosteroids 


Notes 


e The stepwise approach is meant to assist, not replace, the clinical decisionmaking required to meet individual 
patient needs. 


e Level of severity is determined by both impairment and risk. Assess impairment domain by patient's/caregiver's 
recall of the previous 2—4 weeks and spirometry. Assign severity to the most severe category in which any feature 
occurs. 


e At present, there are inadequate data to correspond frequencies of exacerbations with different levels of asthma 
severity. In general, more frequent and intense exacerbations (e.g., requiring urgent, unscheduled care, 
hospitalization, or ICU admission) indicate greater underlying disease severity. For treatment purposes, patients 
who had =2 exacerbations requiring oral systemic corticosteroids in the past year may be considered the same as 
patients who have persistent asthma, even in the absence of impairment levels consistent with persistent asthma. 


FIGURE 3.4 Classifying asthma severity ages 5-11. (From NHLBI/National Asthma Education and Prevention 
Program, Expert Panel Report 3: Guidelines for the Diagnosis and Management of Asthma. NIH Publication; 


2007.) 


Foreign Body Aspiration 


Aspiration of a foreign body into the intrathoracic airways must be 
considered in the differential diagnosis of a child with the sudden onset 
of respiratory distress or wheezing. If both main stem bronchi or the 
trachea are obstructed (typically by larger foreign bodies), the patient 
may have asphyxia and sudden death; aspiration of foreign bodies in 
the distal airways often takes a more indolent course. Aspiration of 
foreign bodies is most common in children between 1 and 4 years of 
age, particularly in boys or in children with neurologic disorders or 
delayed development. It is rare in children younger than 6 months. The 
most common objects aspirated by children are small toy parts, coins, 
marbles, balloons, and food products (e.g., hot dogs, popcorn, seeds, 
nuts, grapes, carrots, and beans). Endobronchial aspiration of peanuts, 
raisins, popcorn kernels, or seeds tends to produce more difficulties 
than other kinds of foreign bodies (metallic or plastic objects) because, 
in addition to causing physical obstruction of the airway, vegetable 
matter produces an intense, local inflammatory response secondary to 
chemical and allergic bronchitis. Larger objects, such as coins, usually 
lodge in the esophagus. Esophageal foreign bodies can produce signifi- 
cant respiratory symptoms as a result of extrinsic compression of the 


posterior trachea. This compression can produce respiratory distress, 
stridor, and wheezing, especially in infants and young children. Dys- 
phagia and vomiting can be late symptoms associated with an esopha- 
geal foreign body. 

The typical clinical manifestation after the acute event is abrupt 
respiratory distress, characterized by choking, gagging, cyanosis, and a 
harsh, paroxysmal cough (see Chapter 2). However, because many 
aspiration events occur while children are unsupervised, the history of 
foreign body ingestion or aspiration is frequently not elicited. Chronic 
cough, dyspnea, hemoptysis, and wheezing may develop. Because the 
object is most frequently aspirated into the main stem or segmental 
bronchi (distal airway), the wheezing is typically unilateral. Physical 
examination may also reveal a decrease in breath sounds on the 
obstructed side, prolongation of the expiratory phase, and a tracheal 
shift. In some instances, retained foreign bodies in the airways can 
produce a persistent pneumonitis, and the chronic inflammatory 
response can result in bronchiectasis or lung abscess. Retained foreign 
body should be considered in a child with presumed asthma or pneu- 
monia who is not improving with appropriate treatment. 

The diagnosis of foreign body aspiration can be difficult to establish 
and necessitates a combination of clinical examination, radiographic 
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Classification of Asthma Severity 
>12 years of age 


Mild — | Moderate | Severe _ 


smo | sees | ia = 
Nighttime >1x/week 


Short-acting >2 days/week 
betas-agonist use for but not daily, and 
symptom control (not not more than 

prevention of EIB) 1x on any day 


a kal: WiN None Minor limitation Some limitation | Extremely limited 
normal activity 


e Normal FEV, 
between 
exacerbations 

e FEV, >80% 
predicted 


Components of 
Severity 


Several times 
per day 


Impairment <2 days/week 


Normal FEV,/FVC: 
8-19 yr 85% 

20-39 yr 80% 

40-59 yr 75% 

60-80 yr 70% 

e FEV, >60% but 
<80% predicted 


e FEV, /FVC reduced | ° FEV, /FVC 
e FEV, /FVC normal |° FEV, /FVC normal] 5% reduced >5% 


0-1/year (see note) | =2/year (see note) = 


Consider severity and interval since last exacerbation. 
Frequency and severity may fluctuate over time for patients in any severity category. 


* FEV, <60% 


L functi 
ung function predicted 


° FEV, >80% 
predicted 


Exacerbations 
requiring oral 
systemic 


p Relative annual risk of exacerbations may be related to FEV.. 


Step 3 Step 4 or 5 
Step 1 Step 2 and consider short course of 
In 2—6 weeks, evaluate level of asthma control that is achieved, and adjust therapy 
accordingly. 


oral systemic corticosteroids 
Key: FEV,, forced expiratory volume in 1 second; FVC, forced vital capacity; ICU, intensive care unit 


Recommended Step for 
Initiating Treatment 


Notes: 


e The stepwise approach is meant to assist, not replace, the clinical decisionmaking required to meet individual patient 
needs. 


e Level of severity is determined by assessment of both impairment and risk. Assess impairment domain by 
patient's/caregiver's recall of previous 2—4 weeks and spirometry. Assign severity to the most severe category in 
which any feature occurs. 


e At present, there are inadequate data to correspond frequencies of exacerbations with different levels of asthma 
severity. In general, more frequent and intense exacerbations (e.g., requiring urgent, unscheduled care, 
hospitalization, or ICU admission) indicate greater underlying disease severity. For treatment purposes, patients 
who had =2 exacerbations requiring oral systemic corticosteroids in the past year may be considered the same as 
patients who have persistent asthma, even in the absence of impairment levels consistent with persistent asthma. 


FIGURE 3.5 Classifying asthma severity ages 212. (From NHLBI/National Asthma Education and Prevention 
Program, Expert Panel Report 3: Guidelines for the Diagnosis and Management of Asthma. NIH Publication; 


2007.) 


studies, and ultimately endoscopic visualization. Radiopaque foreign 
bodies are generally easily visualized by radiographic studies. Radiolu- 
cent foreign bodies may become apparent on inspiratory or expiratory 
chest radiographs, lateral decubitus films, fluoroscopy, or barium 
swallow studies when an esophageal foreign body could be compress- 
ing the posterior tracheal wall. Because an occasional foreign body may 
not lodge in a bronchus, typical radiologic findings may not be seen. 
If a foreign body is likely to be present, rigid bronchoscopy for exami- 
nation of the lower airway and foreign body removal is indicated. 
Flexible bronchoscopy provides an excellent visualization of the airway 
and should be reserved for when other diagnoses appear to be much 
more likely. 


Stridor 


Stridor, a harsh medium-pitched sound typically heard on inspiration, 
is caused by turbulent airflow in the upper airway. The phase of respi- 
ration in which stridor occurs is helpful in identifying the site of the 
airway obstruction (see Fig. 3.1). The relative anatomy of the upper 
airway in an adult versus in an infant is shown in Fig. 3.6. The most 
common cause of stridor of infants and young children is laryngoma- 
lacia, Congenital anomalies should be suspected in children with 
recurrent or persistent stridor. Acute inspiratory stridor is most com- 
monly caused by acute inflammation/infection, typically croup; 


however, an acute foreign body aspiration in the upper airway may also 
cause acute-onset stridor. Epiglottitis is the most serious life-threatening 
infection in this area and must be identified quickly. A history of prior 
intubation in a patient with stridor and respiratory distress should 
raise concern for vocal cord paralysis or subglottic stenosis. An age- 
related differential diagnosis is noted in Table 3.9. Differentiating fea- 
tures of common disorders are noted in Table 3.10. 


Croup 


Laryngotracheal bronchitis (croup) is generally a slowly progressive, 
mild, self-limited viral inflammation of the subglottic larynx occurring 
in infants and young children. The most common causes are parain- 
fluenza virus types 1 and 3, influenza A, respiratory syncytial virus, and 
adenovirus. The circumferential cricoid cartilage, which comprises the 
subglottic airway just below the vocal cords, is the narrowest part of 
the upper airway in a child (see Fig. 3.6). The inflammation associated 
with a viral infection in this location causes airway obstruction as 
edema develops within the confines of the cricoid cartilage. Most 
patients will develop mild rhinorrhea, cough, and low-grade fever 
prior to characteristic barky cough and inspiratory stridor (see Chapter 
2). The cry or voice may become hoarse. Stridor typically worsens 
when the patient is upset or active, and improves with warm humidi- 
fied air. Unless the airway obstruction is severe, the child generally has 
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(See Nelson Textbook of Pediatrics, Fig. 385-1.) 


no trouble handling saliva. If a patient develops drooling or rapid 
progression of respiratory distress, epiglottitis or bacterial tracheitis 
should be considered. The diagnosis is usually apparent from the 
history and physical examination. If the diagnosis is not clear, obtain- 
ing a lateral neck radiograph is indicated and will show the classic 
“steeple” sign (Fig. 3.7). 

Management varies from outpatient observation with parent edu- 
cation to endotracheal intubation. For mild cases, the patient must be 
well hydrated; the use of extra humidity is soothing to the airways and 
helps to keep secretions from being tenacious, so that they are less likely 
to become obstructive. In more severe cases (stridor at rest, retrac- 
tions), nebulized epinephrine used as a mucosal vasoconstrictor may 
provide relief. Usually, patients being treated in this manner are 
observed in the hospital for a possible “rebound” effect that may occur 
2-6 hours after treatment. Parenteral or oral dexamethasone is a safe 
and effective additional therapy for moderate to severe croup; steroid 
use has decreased the requirement for endotracheal intubation. 
Patients with severe croup are usually admitted to the hospital for 
observation. If intubation is needed, an endotracheal tube one-half to 
one size smaller than that used for a child with a normal airway of the 
same age and size is chosen. In atypical cases of recurrent croup or in 
patients in whom extubation is difficult, an endoscopic evaluation of 
the airway with laryngoscopy and bronchoscopy is necessary to exclude 
an underlying anatomic abnormality. 


Bacterial Tracheitis 


Bacterial tracheitis is a bacterial superinfection of a previous tracheal 
(croup, influenza virus) viral process and is usually caused by Staphy- 
lococcus aureus. A variety of other organisms, including Moraxella 


| a? A s 
— ZZ UZ AÁ jy Z Z -e 


pilares N 
DAAA 
z Bar 


i of 


SHEE 


FIGURE 3.6 Anatomy of upper airway. Relative comparative anatomy 
of the larynx in an infant (left) and an adult (right). Specific landmarks: 
1, epiglottis; 2, arytenoid cartilages; 3, thyroid cartilage; 4, cricoid carti- 
lage; 5, laryngeal ventricle, the air space below the false vocal cords 
and above the true vocal cords. Its radiolucency is an excellent landmark 
on lateral radiograph. The infant larynx is situated relatively high in the 
cervical region. In addition, the base of the infant’s tongue is close to 
the larynx, and the epiglottis is located near the palate. These anatomic 
differences partially explain the predominantly obligate nose breathing 
of the young infant, as well as the relative ease with which upper airway 
obstructions develop in infants. 
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TABLE 3.9 Age-Related Differential 
Diagnosis of Airway Obstruction 


Newborn 

Foreign material (meconium, amniotic fluid) 
Congenital subglottic stenosis (uncommon) 
Choanal atresia 

Congenital cysts 


Micrognathia (Pierre Robin syndrome, Treacher Collins syndrome, DiGeorge 


syndrome) 


Macroglossia (Beckwith-Wiedemann syndrome, hypothyroidism, Pompe 


disease, trisomy 21, hemangioma) 
Laryngeal web, clefts, atresia 
Laryngospasm (intubation, aspiration, hypocalcemia, transient) 
Lingual thyroid 


Vocal cord paralysis (weak cry; unilateral or bilateral, with or without 
increased intracranial pressure from Arnold-Chiari malformation or other 


CNS pathology; birth trauma) 
Tracheal web, stenosis, malacia, atresia 
Pharyngeal collapse (cause of apnea in preterm infant) 
Tumors* 


Infant 

Laryngomalacia (most common cause) 

Subglottic stenosis (congenital; acquired after intubation) 
Tumors* 

Tongue tumor (dermoid, teratoma, ectopic thyroid) 
Laryngeal papillomatosis 

Vascular rings 


Toddler 

Viral croup (most common etiology in children 3 mo—4 yr of age) 
Bacterial tracheitis (toxic, high fever) 

Foreign body (sudden cough; airway or esophageal) (see Chapter 2) 
Spasmodic (recurrent) croup (see Chapter 2) 
Laryngeal papillomatosis 

Retropharyngeal abscess 

Diphtheria (uncommon) 


Infant Older Than 2-3 Yr 

Epiglottitis (epiglottis, aryepiglottic folds) 

Inhalation injury (burns, toxic gas, hydrocarbons) 
Foreign bodies 

Angioedema (family history, cutaneous angioedema) 
Anaphylaxis (allergic history, wheezing, hypotension) 
Trauma (tracheal or larynx fracture) 

Peritonsillar abscess (adolescents) 

Ludwig angina 

Diphtheria 

Parapharyngeal abscess 

Tumors* 

Trauma 


*Tumors include lymphangiomas, hemangiomas, papillomas, 
neuroblastoma, lymphoma, rhabdomyosarcoma, and 
chondrosarcomas. 

CNS, central nervous system. 


Moditied from Kercsmar C. The respiratory system. In: Behrman RE, 


Kliegman RM, eds. Nelson Essentials of Pediatrics. 2nd ed. 
Philadelphia: WB Saunders; 1994:444. 


SECTION 1 


Respiratory Disorders 


TABLE 3.10 Differential Diagnosis of Upper Airway Obstruction 


Age 
Location 


Etiology 


Prodrome onset 


Stridor 
Retractions 
Voice 


Position and 
appearance 
swallowing 
(dysphagia) 
Barking cough 
Toxicity 


Fever 
Radiographic findings 


WBC count 
Therapy 


Prevention 


Laryngotracheo- 
bronchitis (Croup) 


3 mo-3 yr 
subglottic 


Parainfluenza, influenza 
virus, RSV; rarely 


Mycoplasma, measles, 


adenovirus 


Insidious, URI 


Yes—biphasic 
Yes 
Hoarse 


Normal 


Normal 


Yes 
Rare 


OI í 

subglottic narrowing; 
steeple sign 

Normal 

Racemic epinephrine: 


aerosol, systemic steroids, 
aerosolized steroids, cool 


mist 
None 


Laryngitis 
5 yr—teens 
subglottic 


As per croup 


As per croup 


No 
No 
Hoarse; 


whispered 
Normal 


Normal 


Rare 
No 


01 2b 
Normal 


Normal 
None 


None 


Spasmodic 
Croup 


S(O 5) Vir 
subglottic 


Unknown 


Sudden onset at 
night; prior episodes 

Yes 

Rare 

Hoarse 


Normal 


Normal 


Yes 
No 


None 
subglottic narrowing 


Normal 


Cool mist; 
occasionally as for 
croup 


None 


Epiglottitis 
2-6 yr 
Supraglottic 


Haemophilus influenzae 
type b 


Rapid, short prodrome 


Yes—soft inspiratory 
Yes 
Muffled 


Tripod sitting, leaning 
forward; agitation 
Drooling 


No 
Severe 


S02 E 


Thumb sign of thickened 
epiglottis 


Leukocytosis with left shift 


Endotracheal intubation, 
ceftriaxone 


H. influenzae type b 
conjugated vaccine 


Membranous Croup 
(Bacterial Tracheitis) 


Any age (3—10 yr) 
Trachea 


Prior croup or influenza virus 
with secondary bacterial 
infection by Staphylococcus 
aureus, Moraxella catarrhalis, 
H. influenzae 


Biphasic illness with sudden 
deterioration 


Yes 
Yes 
Normal or hoarse 


Normal 
Normal 


Yes 
Severe 


OZ EF 


Ragged irregular tracheal border; 
as per croup 


Leukocytosis with left shift 


Vancomycin; ceftriaxone; 
intubation if needed 


None 


FFP, fresh-frozen plasma; HPV, human papillomavirus; IV, intravenous; RSV, respiratory syncytial virus; URI, upper respiratory tract infection; 


WBC, white blood cell. 


FIGURE 3.7 Croup in a 1-year-old 
child. A, Frontal radiograph of the 
neck shows a tapered reduction of 
the subglottic tracheal caliber trom 
the level of the vocal cords (upper 
arrow) to the normal-caliber trachea 
below (lower arrow). The right mild 
tracheal deviation is a normal sign 
resulting from the left aortic arch. 
B, Lateral view shows a normal epi- 
glottis (upper arrow), distention of 
the pharynx, normal palatine tonsils 
(arrowhead), and increased density 
in the subglottic trachea (lower 


arrow). 
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TABLE 3.10 Differential Diagnosis of Upper Airway Obstruction—cont’d 


Retropharyngeal Abscess 


<6 yr 
Posterior pharynx 


S. aureus, anaerobes 


Insidious to sudden 


No 
Yes 
Muffled 


Arching of neck or normal 


Drooling 


No 
Severe 


S004 


Thickened retropharyngeal space 


Leukocytosis with left shift 

Clindamycin; ampicillin- 
sulbactam (or vancomycin); 
ceftriaxone; surgical drainage 
if abscess 


None 


Foreign Body 

6 mo—5 yr 

Supraglottic, subglottic, 
variable 


Small objects, vegetable, 
toys, coins 


Sudden 


Yes 
Yes (variable) 


Complete obstruction— 
aphonic; other variable 


Normal 


Variable; usually normal 


Variable; brassy if tracheal 
No, but dyspnea 


None 


Radiopaque object may be 
seen 


Normal 
Endoscopic removal 


Avoid small objects; 
Supervision 


Angioedema 
All ages 
Variable 


Congenital C-1 esterase 
deficiency; acquired 
anaphylaxis 


sudden 


Yes 
Yes 
Hoarse, may be normal 


Normal; may have facial edema 
Normal 


Possible 


No, unless anaphylactic shock 
Or severe anoxia 


None 
As per croup 


Normal 

Anaphylaxis; epinephrine, IV 
fluids, steroids; C-1 esterase 
deficiency; replacement 
infusion therapy 


Avoid allergens; FFP for 
hereditary angioedema 


Peritonsillar Abscess 
>10 yr 
Oropharynx 


Group A streptococci, 
anaerobes 


Biphasic with sudden 
worsening 


No 
No 
“Hot potato,” muffled 


Normal 


Drooling, trismus 


No 
Dyspnea 


Se 
None needed 


Leukocytosis with left shift 
Penicillin; aspiration 


Treat group A streptococci 
early 


Laryngeal 
Papillomatosis 


3 mo-3 yr 
Larynx, vocal cords, trachea 


HPV 


Chronic 


Possible 
No 
Hoarse 


Normal 


Normal 


Variable 
None 


None 
May be normal 


Normal 


Laser therapy, repeated 
excision, interferon 


Treat maternal genitourinary 
lesions; possible cesarean 


catarrhalis, Streptococcus pneumoniae, and nontypable H. influenzae 
have also been identified as being occasionally involved. There is gener- 
ally a virus-like mild phase, followed by a rapid deterioration, during 
which the patient clinically appears more ill with high fever and respi- 
ratory distress. Some patients have a two-phased illness with croup, 
initial recovery, followed by tracheitis. Neck and chest radiographs 
often show irregular scalloping of the trachea. Radiopaque densities 
from inspissated mucus may be seen. Close monitoring and intrave- 
nous antibiotic treatment directed toward the likely causative organ- 
isms are required. Endotracheal intubation for control of the airway is 
usually necessary, particularly in younger patients. Extubation is per- 
formed on the basis of clinical improvement and a resolution of exces- 
sive amounts of purulent secretions. Sometimes the exudate secondary 
to the tracheitis is thick and can cause airway obstruction similar to 
that from a foreign body. 


Epiglottitis 
Epiglottitis is an acute, rapidly progressive, potentially lethal infection 
of the epiglottis, aryepiglottic folds, and false vocal cord area. It is an 


section? 
HPV vaccine to mother 


emergency because of the potential for rapid airway obstruction; eval- 
uation and treatment are directed toward establishing an airway while 
the physician is confirming the diagnosis and treating the infection. In 
the past, epiglottitis was caused by Haemophilus influenzae type b in 
nearly 100% of cases. Since the introduction of the polysaccharide 
conjugated H. influenzae type b vaccine, there has been a dramatic fall 
in the incidence of acute epiglottitis in the United States. However, in 
an internationally mobile world, patients who have not been vacci- 
nated may acquire epiglottitis in any country. In addition, other, less 
common pathogens, such as S. pneumoniae, S. aureus, and -hemolytic 
streptococci, may produce epiglottitis. Unusual presentations will also 
become more common, with children presenting at a younger age and 
immunosuppressive diseases being caused by atypical organisms. 
Typically, there is an abrupt onset, usually without an obvious 
prodrome, with rapid progression toward airway compromise. Ini- 
tially, complaints of sore throat and odynophagia are common. Patients 
are usually febrile, and drooling is present. The typical presentation is 
an ill-appearing child sitting forward with her or his head hyperex- 
tended who does not want to lie down (Fig. 3.8). There is a “hot potato” 
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FIGURE 3.8 Child with epiglottitis. Characteristic posture in a patient 
with epiglottitis. The child is leaning forward and drooling, and the neck 
is hyperextended. 


FIGURE 3.9 Epiglottitis. The patient is a 3 1/2 year old child with fever 
and sudden onset of stridor. Lateral radiograph shows an enlarged 
epiglottis (“thumb-print” sign) and aryepiglottic folds (arrow) and disten- 
tion of the pharynx. 


voice and drooling, the mouth is open, and the tongue is protruding. 
Mild inspiratory stridor and retractions may be present, but these are 
usually not obvious, because the patient generally takes short, shallow 
breaths. An intraoral examination is contraindicated because it may 
predispose to laryngospasm and airway obstruction. 

If there is any question as to the diagnosis, a lateral soft tissue radio- 
graph of the neck can be confirmatory (Fig. 3.9). Someone who has the 
expertise and equipment to handle sudden airway decompensation in 
a pediatric patient should accompany the patient to the radiology suite. 
When a clinical diagnosis of epiglottitis is at all likely, the patient 
should be taken immediately to the operating room and cared for by 


experienced pediatric anesthesiology and otolaryngology personnel 
capable of endotracheal intubation or less often tracheostomy. 

Once the airway is secured and the diagnosis confirmed, blood 
specimens are obtained for culture and treatment is begun with ceftri- 
axone or cefotaxime. Patients usually require 36-48 hours of endotra- 
cheal intubation, with observation in the pediatric intensive care unit. 
If there is a question of safety of extubation, a second laryngoscopy is 
indicated. 


Laryngomalacia 


Laryngomalacia is the most common cause of inspiratory stridor and 
noisy respiration in neonates and infants. It is caused by the inspiratory 
collapse of the laryngeal cartilages, with prolapse of the epiglottis or 
arytenoid cartilages into the airway during inspiration. It typically 
presents with high-pitched inspiratory stridor. Stridor may occur at 
birth, but the onset is often delayed, occurring at 2-4 weeks of age. The 
condition is usually self-limited and resolves with time: often by 8-12 
months of age but occasionally not until 18-24 months of age. Laryn- 
gomalacia should be suspected in infants with recurrent croup, as acute 
viral infections or agitation can worsen symptoms. Patients often will 
have associated gastroesophageal reflux disease, and some may have 
feeding difficulties or failure to thrive. Severe cases may cause apneic 
events or pulmonary hypertension. 

The diagnosis is made on the basis of the clinical presentation 
(stridor is worse when the patient is supine or during activity, and 
exacerbations occur with upper respiratory tract infections) and find- 
ings on flexible laryngoscopy. Approximately 15-25% of patients with 
laryngomalacia may have other airway lesions. Therefore a complete 
airway evaluation with rigid bronchoscopy has been recommended in 
patients with severe respiratory distress, failure to thrive, any underly- 
ing concern for a concurrent airway lesion, and if the stridor of laryn- 
gomalacia does not follow the typical course. Unusually severe cases of 
laryngomalacia may necessitate operative intervention, such as a 
supraglottoplasty to trim redundant soft tissue or even a temporary 
tracheotomy. Laryngomalacia may be accompanied by tracheomalacia, 
a partial collapse of the tracheal cartilages with respiration. Tracheo- 
malacia may be congenital or secondary to extrinsic compression by 
vascular rings or tumors. Patients with tracheomalacia manifest with 
wheezing, cough, stridor, dyspnea, tachypnea, or cyanosis. 


Vocal Cord Paralysis 


Vocal cord paralysis is a common cause of congenital neonatal laryn- 
geal obstruction, but can also occur in older children. Vocal cord 
paralysis may be bilateral or unilateral, and it often can cause difficulty 
feeding, respiratory distress, and a weak cry. In neonates with no surgi- 
cal history, it is associated with neurologic syndromes, such as the 
Arnold-Chiari malformation. Traction on the brainstem or increased 
intracranial pressure and herniation puts pressure on the vagus nerve, 
which is thought to cause the paralysis. It can also be iatrogenic, par- 
ticularly in neonates with a history of thoracic surgery or difficult 
delivery. Tracheotomy is often necessary to maintain the airway in 
bilateral vocal cord paralysis, and neurologic and MRI evaluation 
should be performed to identify any central causes. Vocal cord paralysis 
also occurs in older children and may be caused by a polyneuropathy 
(Guillain-Barré syndrome), brainstem encephalitis, neck or thoracic 
surgery, or compression by local masses. 


Vascular Rings 


Vascular rings are common and can produce symptoms related to 
compression of the trachea and/or the esophagus (Table 3.11). Feeding 
often exacerbates manifestations when the obstructed esophagus acts 
as an additional extrinsic force on the trachea. Patients present with 
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TABLE 3.11 Vascular Rings 
MRI Echocar- 
Lesion Symptoms Plain Film Barium Swallow Bronchoscopy diography Treatment 
Stridor, respiratory © AP—wider base of heart Bilateral indentation Bilateral tracheal Diagnostic Ligate and divide 
É distress Lat—narrowed trachea of esophagus compression— smaller arch 
Swallowing displaced forward at both pulsatile (usually left) 
aà s dysfunction C3-C4 
ii Reflex apnea 
Double arch 
Respiratory AP—tracheal deviation Bilateral indentation Bilateral tracheal Diagnostic Ligate ligamentum 
distress to left (right arch) of esophagus R > L compression— or ductus 
Swallowing R pulsatile 
dysfunction 
Right arch and 
ligamentum/ductus 
Cough AP—normal Normal Pulsatile anterior Unnecessary Conservative 
Stridor Lat.—anterior tracheal tracheal 
Reflex apnea compression compression 
Anomalous 
innominate 
Occasional Normal AP—oblique defect Usually normal Diagnostic Ligate artery 
swallowing upward to right 
dysfunction Lat.—small defect on 
right posterior wall 
m 
Aberrant right 
subclavian 
Expiratory stridor AP—low L. hilum, R +Anterior indentation Tracheal Diagnostic Detach and 
Respiratory emphysema/atelectasis above carina displacement to reanastomose to 
distress Lat.—anterior bowing of between esophagus left main pulmonary 
T ' right bronchus and and trachea Compression of artery in front of 
h AÙ trachea right main trachea 
Pulmonary bronchus 
sling 


AP, anteroposterior; L, left; Lat., lateral; MRI, magnetic resonance imaging; R, right. 
From Kliegman RM, Greenbaum LA, Lye PS. Practical Strategies in Pediatric Diagnosis and Therapy. 2nd ed. Philadelphia: Elsevier; 2004: 88. 


cough, dysphagia, odynophagia, tachypnea, emesis, noisy breathing, 
stridor, and/or wheezing. Because they handle oral secretions poorly, 
they may develop aspiration pneumonia. They also do not tolerate 
neck flexion. The two most common symptomatic lesions are the right 
aortic arch with a left ligamentum arteriosus (or patent ductus arterio- 
sus) and the double aortic arch. The diagnosis may be suspected on a 
chest radiograph by a demonstrated right-sided aortic arch or a narrow 
displaced trachea. An upper GI series demonstrates the indentation of 
the anterior and/or posterior esophagus, whereas endoscopy demon- 
strates the pulsatile extrinsic compressing vessels (Fig. 3.10). MRI or 
echocardiography is usually diagnostic; angiography is not needed to 
find most of these lesions. 


Subglottic Stenosis 


Congenital subglottic stenosis occurs when the subglottic space is nar- 
rowed, and typically presents in children younger than 3 months with 


respiratory distress, biphasic or inspiratory stridor, and recurrent 
croup. Acquired subglottic stenosis may develop secondary to endotra- 
cheal intubation, particularly if the intubation has been prolonged for 
several months, if an oversized tube was used, or if multiple intuba- 
tions were required. Subglottic stenosis should be suspected in any 
child with these risk factors who does not tolerate extubation because 
of upper airway obstruction. Laryngoscopy and bronchoscopy are 
required for evaluation to diagnose subglottic stenosis and also evalu- 
ate for other lesions such as subglottic cysts or hemangiomas. Acquired 
subglottic stenosis is often more severe than the congenital type. In 
both types of subglottic stenosis, infection and gastroesophageal reflux 
may exacerbate symptoms and contribute to narrowing of the airway. 
A cricoid split operation, tracheotomy, or laryngotracheal reconstruc- 
tion may be needed. Serial dilatations are no longer commonly used 
because they may continue to injure the cartilage and its overlying 
mucosa. 
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FIGURE 3.10 Double aortic arch in an infant aged 5 months. A, Anteroposterior view. The barium-filled 
esophagus is constricted on both sides. B, Lateral view. The esophagus is displaced forward. The anterior 
arch was the smaller and was divided at surgery. (From Bernstein D. Other congenital heart and vascular 
malformations. In: Kliegman RM, Stanton BF, St Geme JW, Schor NF, eds. Ne/son Textbook of Pediatrics. 


20th ed. Philadelphia: Elsevier; 2016:2237.) 


Cough 


Cough is a common complaint in children (see Chapter 2). The nature 
of the cough is often helpful in establishing the etiology of respiratory 
distress. For example, a barky cough is typically associated with viral 
croup, whereas a more productive cough can be associated with pneu- 
monia. Pneumonia is most commonly caused by bacteria or viruses; 
however, there are other common noninfectious causes of pneumonia 
and pneumonitis. 


Viral and Bacterial Pneumonia 


Pneumonia is a significant cause of mortality for children worldwide. 
Pneumonia is defined as acute inflammation of the lung parenchyma, 
and can be caused by viruses or bacteria. Clinically, it is often defined 
as a lower respiratory tract infection, associated with fever, respiratory 
symptoms, and evidence of lung parenchyma involvement, either by 
physical examination or chest radiograph findings. S. pneumoniae is 
the most common bacterial pathogen of community-acquired pneu- 
monia; H. influenzae and S. aureus are less common causes. Viral 
pathogens are also a common cause of pneumonia in young children; 
it can be difficult to discern which pathogen is causing the clinical 
symptoms. Atypical pathogens, such as M. pneumoniae, are a common 
cause of pneumonia in school-aged children (Table 3.12). Children 
with immunodeficiency, sickle cell disease, cystic fibrosis, or HIV may 
present with more atypical pathogens. 

Patients will often begin with an upper respiratory infection with 
rhinitis and cough (see Chapter 2). They then develop tachypnea and 
fever and then may develop respiratory distress with subcostal, inter- 
costal, and suprasternal retractions, nasal flaring and use of accessory 
muscles, and hypoxia. Tachypnea and worsening cough are commonly 
noted. Patients with lower lobe pneumonias may also present with 
abdominal pain. Early in the course of illness, crackles, rhonchi, and 
wheezing are common findings. Later in the course of illness, as lungs 
consolidate and/or pleural effusions or empyema develop, decreased 
breath sounds and dullness to percussion may develop. Wheezing is 
more likely in viral or atypical pneumonia; however, unilateral wheez- 
ing may also correlate with a bacterial lobar pneumonia. 


TABLE 3.12 Ettologic Agents of 
Pneumonia Grouped by Age of the Patient 


Frequent Pathogens (in Order of 


Age Group Frequency) 


Neonates (<3 wk) Group B streptococcus, Escherichia coli, other 
gram-negative bacilli, Streptococcus pneumoniae, 
Haemophilus influenzae (type b,* nontypable), 


herpes simplex 

Respiratory syncytial virus, other respiratory viruses 
(rhinoviruses, parainfluenza viruses, influenza 
viruses, adenovirus), S. pneumoniae, H. influenzae 


(type b,* nontypable); if patient is afebrile, 
consider Chlamydia trachomatis 


Respiratory syncytial virus, other respiratory viruses 
(rhinoviruses, parainfluenza viruses, influenza 
viruses, adenovirus), S. pneumoniae, H. influenzae 
(type b,* nontypable), Mycoplasma pneumoniae, 
group A streptococcus 


M. pneumoniae, S. pneumoniae, Chlamydophila 
pneumoniae, H. influenzae (type b,* nontypable), 
influenza viruses, adenovirus, other respiratory 
viruses, Legionella pneumophila 


*H. influenzae type b is uncommon with routine H. influenzae 
Immunization. 

From Kelly MS, Sandora TJ. Community acquired pneumonia. In: 
Kliegman RM, Stanton BF, St. Geme JW, Schor NF, eds. Nelson 
Textbook of Pediatrics. 20th ed. Philadelphia: Elsevier; 2016:2090 


Diagnosis is made by chest radiograph, which will show a con- 
solidation, and may show empyema or pleural effusion if present 
(Fig. 3.11). However, it is important to note that in children with 
mild lower respiratory tract disease with clinical symptoms consistent 
with pneumonia, a chest radiograph is not needed to make a diag- 
nosis. Patchy infiltrates are most suggestive of atypical or viral 
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FIGURE 3.11 Radiographic findings characteristic of pneumococcal pneumonia in a 14-year-old boy with 
cough and fever. Posteroanterior (A) and lateral (B) chest radiographs reveal consolidation in the right lower 
lobe, strongly suggesting bacterial lobar pneumonia. (From Kelly MS, Sandora TJ: Community acquired 
pneumonia. In: Kliegman RM, Stanton BF, St. Geme JW, Schor NF, eds. Nelson Textbook of Pediatrics. 20th 


ed. Philadelphia: Elsevier; 2016:2092, Figure 400-3.) 


pneumonia. A lobar consolidation or large pleural effusion is likely 
from a bacterial etiology. Laboratory testing may be helpful in patients 
with more severe disease, but is not necessary in all patients. Peripheral 
white blood cell (WBC) count and acute phase reactants are likely 
elevated, and can be used to follow response to therapy along with 
clinical response. Blood cultures should be obtained for patients with 
moderate to severe disease, or who fail to demonstrate improvement 
after the initiation of antibiotics. Viral or atypical pathogen testing 
may be helpful as this may decrease need for additional testing or 
antibiotic use. 

Treatment for bacterial pneumonia is antibiotics directed at sus- 
pected cause of pneumonia and supplemental care (oxygen, intrave- 
nous fluids) as indicated based on patient’s clinical presentation. 
Hospitalization may be required for patients with hypoxia or toxic 
appearance, moderate to severe respiratory distress, age <6 months, or 
if there are concerns about observation or compliance with therapy at 
home. Those with complicated pneumonia (pleural effusion, empyema, 
abscess, or extrapulmonary infection) or suspected/documented 
pathogen with increased virulence are also likely to require hospitaliza- 
tion and further interventions. 


Hypersensitivity Pheumonitis 


Hypersensitivity pneumonitis, or extrinsic allergic alveolitis, results 
from the inhalation of organic dust particles. Although numerous 
causes have been identified, the clinical features of the various types of 
hypersensitivity pneumonitis are similar and depend on the intensity 
and frequency of exposure to the allergen; both acute and chronic 
forms have been described. 

In the acute form of the disease, the patient typically has fever, 
rigors, cough, and dyspnea several hours after exposure. The symptoms 
usually resolve within 24 hours of the onset once the offending mate- 
rial is removed. In the chronic or subacute forms of hypersensitivity 
pneumonitis, the affected individual may have exercise intolerance, 
anorexia, weight loss, and a productive cough. Diffuse crackles are the 
prominent finding on physical examination; the patient may be cya- 
notic if gas exchange is significantly impaired. Digital clubbing is an 
unusual finding. In acute cases, inflammation of the alveoli and pul- 
monary interstitium are common reactions, whereas the chronic form 


can result in interstitial fibrosis and noncaseating granulomas. Chronic 
hypersensitivity pneumonitis can insidiously lead to respiratory failure 
and cor pulmonale. 

A number of laboratory studies may be helpful in confirming the 
diagnosis of hypersensitivity pneumonitis. Chest radiograph demon- 
strates diffuse reticulonodular infiltrate. Pulmonary function studies 
(spirometry) characteristically show a restrictive defect, and the carbon 
monoxide diffusion capacity is reduced. During the acute phase of the 
disease, the patient may have a peripheral leukocytosis and eosino- 
philia. Serologic studies looking for precipitating immunoglobulin G 
antibodies to specific antigens are useful in identifying the offending 
agent. However, these antibodies may be found in asymptomatic indi- 
viduals exposed to the allergen, and thus their presence is not neces- 
sarily correlated with severity of pulmonary disease. Percutaneous or 
intradermal tests may also be useful, particularly if an avian hypersen- 
sitivity pneumonitis is suspected. 

Removal of the specific organic dust from the patient’s environ- 
ment is critical to treatment. Mild episodes of hypersensitivity pneu- 
monitis may resolve spontaneously once the offending allergen is 
eliminated. Severe exacerbations often necessitate treatment with sys- 
temic corticosteroids; bronchodilators may be beneficial if the patient 
is experiencing symptoms of bronchospasm. Hypersensitivity pneu- 
monitis must be differentiated from other causes of interstitial or 
diffuse lung disease (Table 3.13). 


Allergic Bronchopulmonary Aspergillosis 


Allergic bronchopulmonary aspergillosis (ABPA) is an immunologic 
disorder identified in patients with chronic lung disease, in which 
airway colonization (but not invasive infection) with Aspergillus fumig- 
atus causes chronic antigen exposure and increased bronchial hyper- 
activity. This condition can lead to bronchiectasis, pulmonary fibrosis, 
and progressive respiratory insufficiency. Hypersensitivity to other 
fungal species that produces a clinical picture similar to that of ABPA 
has been reported. 

It is important that the diagnosis of ABPA be made and that appro- 
priate therapy with systemic corticosteroids be instituted, because this 
condition can result in irreversible lung damage. ABPA is characterized 
by fever, weight loss, wheezing, and productive cough yielding 
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TABLE 3.13 Classification of Interstitial Lung Disease (Pediatric Diffuse Lung Disease) 


I. Disorders More Prevalent in Infancy 
A. Diffuse developmental disorders 
1. Acinar dysplasia 
2. Congenital alveolar dysplasia 
3. Alveolar—capillary dysplasia with pulmonary vein misalignment 
B. Growth abnormalities 
1. Pulmonary hypoplasia 
2. Chronic neonatal lung disease 
C. Prematurity-related chronic lung disease (bronchopulmonary dysplasia) 
D. Acquired chronic lung disease in term infants 
E. Structural pulmonary changes with chromosomal abnormalities 
1. Trisomy 21 
F. Others 
1. Associated with congenital heart disease in chromosomally normal 
children 
G. Specific conditions of undefined etiology 
1. Pulmonary interstitial glycogenosis 
2. Neuroendocrine cell hyperplasia of infancy 
H. Surfactant dysfunction mutations and related disorders 
1. SPFTB genetic mutations—PAP and variant dominant histologic 
pattern 
2. SPFIC genetic mutations—CPI! dominant histologic pattern; also DIP 
and NSIP 
3. ABCA3 genetic mutations—PAP variant dominant pattern; also CPI, 
DIP, NSIP 
4. Others with histology consistent with surfactant dysfunction disorder 
without a yet recognized genetic disorder 


ll. Disorders Not Specific to Infancy 
A. Disorders of the normal host 
1. Infectious and postinfectious processes 
2. Disorders related to environmental agents: hypersensitivity 
pneumonia, toxic inhalation. 
3. Aspiration syndromes 
4. Eosinophilic pneumonia 
B. Disorders related to systemic disease processes 
1. Immune-related disorders 
2. Storage disease 
3. Sarcoidosis 
4. Langerhans cell histiocytosis 
5. Malignant infiltrates 
. Disorders of the immunocompromised host 
1. Opportunistic infection 
2. Disorders related to therapeutic intervention 
3. Disorders related to transplantation and rejection syndromes 
4. Diffuse alveolar damage of unknown etiology 
. Disorders masquerading as interstitial disease 
1. Arterial hypertensive vasculopathy 
2. Congestive vasculopathy, including venoocclusive disease 
3. Lymphatic disorders 
4. Congestive changes related to cardiac dysfunction 


III. Unclassified 
A. Includes end-stage disease, nondiagnostic biopsies, and those with 
inadequate material 


*Many of these entities may present as child interstitial lung disease syndromes. 
CPI, chronic pneumonitis of infancy; DIP, desquamative cell interstitial pneumonia; NSIP, nonspecific interstitial pneumonia; PAP, pulmonary 


alveolar proteinosis. 


From Kurland G, Deterding RR, Hagood JS, et al. An official American Thoracic Society clinical practice guideline: classification, evaluation, and 
management of childhood interstitial lung disease in infancy. Am J Resp Crit Care Med. 2013;188:376-394. 


purulent or rust-colored sputum. This condition should be considered 
in patients with chronic or atypical and progressive or frequently 
relapsing lung diseases, such as asthma or cystic fibrosis, who have 
undergone clinical deterioration. In developing countries it is often 
misdiagnosed as pulmonary tuberculosis. ABPA is associated with 
peripheral eosinophilia and markedly elevated serum IgE levels. 
Although these laboratory findings are not pathognomonic for this 
condition, the presence of a normal serum IgE makes the diagnosis of 
active disease unlikely. Affected individuals have evidence of hypersen- 
sitivity to Aspergillus fumigatus, and sputum evaluation may demon- 
strate Aspergillus hyphal elements. Elevated levels of specific IgE and 
immunoglobulin G antibodies to Aspergillus fumigatus can be useful 
in establishing the diagnosis. 

The typical chest radiographic findings include increased broncho- 
pulmonary markings, opacification of the affected area, and localized 
pulmonary consolidation. Linear radiolucencies and parallel markings 
radiating from the hilum (“tram lines”) caused by dilated, thickened 
bronchi may also be present. Chest CT may demonstrate bronchiecta- 
sis, mucoid impaction, and pleuropulmonary fibrosis. The treatment 
of choice is systemic corticosteroids, administered for weeks to months. 
Antifungal agents, such as itraconazole, may be effective in preventing 
exacerbations, but are not helpful in treating acute exacerbations; 
therefore these may be a helpful adjunctive therapy. 


Other Causes of Respiratory Distress 

Aspiration of Oropharyngeal Contents 

Central nervous system or neuromuscular disease in infants and chil- 
dren can result in dysfunction of the swallowing mechanism, leading 
to repeated episodes of pulmonary aspiration. Aspiration is the most 
common cause of respiratory distress in such children and typically 
manifests with intractable wheezing, chronic airway inflammation, 
and recurrent pneumonias. 

Video fluoroscopic swallow studies, in which barium-laced foods 
of a variety of textures and consistencies are fed to a child under direct 
visualization and fluoroscopy, can be useful in making the diagnosis 
and establishing that the child has an abnormal swallowing mecha- 
nism. These studies can be helpful with regard to therapy and may 
determine the appropriate feeding techniques, food consistencies, and 
feeding volumes that are less likely to cause aspiration in a vulnerable 
child. 

Nasogastric tube or gastrostomy tube feedings may be necessary in 
children who do not respond to conservative management and who 
continue to have repeated episodes of aspiration. Nevertheless, the 
affected child can continue to have periodic aspiration of oropharyn- 
geal secretions despite these interventions. A Nissan fundoplication or 
jejunostomy tube may be needed to reduce the incidence of gastric 
aspiration. 


Gastroesophageal Reflux 


Gastroesophageal reflux can be a primary cause of or an exacerbating 
factor in wheezing in infants and young children (see Chapter 12). 
Direct inhalation of stomach contents into the lungs can produce 
bronchospasm and a chemical pneumonitis. Gastroesophageal reflux 
with aspiration has also been implicated in cases of bacterial pneumo- 
nia, bronchiectasis, obliterative bronchiolitis, and lung abscesses. 
Tachypnea, wheezing, and cough are the usual clinical findings, typi- 
cally occurring within 1 hour of the aspiration event. The signs and 
symptoms of the pneumonitis, however, can be delayed. 

Although pulmonary aspiration of gastric contents was once 
assumed to be the basis of reflux-induced wheezing, reflex broncho- 
constriction in response to esophageal acidification can also produce 
bronchospasm in some patients. Other respiratory symptoms associ- 
ated with gastroesophageal reflux, such as stridor and obstructive 
apnea, can manifest as the result of reflex laryngospasm. Gastroesopha- 
geal reflux can also complicate and worsen underlying lung diseases, 
such as asthma or subglottic stenosis, by provoking bronchospasm and 
potentiating airway or laryngeal inflammation and possibly bronchial 
hyperactivity. 


Pneumothorax 


A pneumothorax occurs when air leaks from the alveoli or airways 
into the pleural space. The most common cause of pneumothorax in 
children is chest wall trauma. Children with asthma or other underly- 
ing chest disease may also develop a pneumothorax. However, sponta- 
neous pneumothorax can occur in otherwise healthy children with no 
antecedent illness or injury, most commonly adolescent boys or young 
adult men who are tall, thin, and athletic. In patients with an acute 
pneumothorax with no history of trauma or asthma, the presence of 
Marfan syndrome should be considered. Clinical presentation usually 
includes acute onset of dyspnea and chest or shoulder pain. The phys- 
ical examination reveals hyperresonance to percussion over the ipsilat- 
eral chest, with decreased breath sounds auscultated on the affected 
side. If the air dissects up through the mediastinum, it may escape into 
the subcutaneous tissues, producing subcutaneous emphysema. Diag- 
nosis can be confirmed by chest radiograph. Progressive air leak 
without air escape can lead to a tension pneumothorax. With increas- 
ing pressure, there is mediastinal shift, airway compression, and a 
decrease in cardiac output. Tension pneumothorax can be life- 
threatening if it is not recognized and treated rapidly. Small, spontane- 
ous pneumothoraces will often resolve with supportive care and 
supplemental oxygen. The treatment of choice for a pneumothorax of 
greater than 20% volume is drainage with needle aspiration or with an 
indwelling chest tube. 


Cystic Fibrosis 

Cystic fibrosis is a multisystem disorder that involves the eccrine 
and mucous secretory glands. Inherited as an autosomal recessive 
trait, cystic fibrosis is the most common life-shortening genetic 
disease in white children and is an important cause of chronic 
suppurative lung disease (see Chapter 2). Chronic infection and 
inflammation lead to the weakening and destruction of the airway 
wall, which results in bronchiectasis, the abnormal dilatation of the 
subsegmental airways, and in pulmonary abscesses. The pulmonary 
deterioration characteristic of cystic fibrosis is rather insidious and 
is characterized by increasing airway obstruction over a period of 
years. However, some infants and children with cystic fibrosis can 
present in acute respiratory distress because of pneumonia, empyema, 
or pneumothorax. 
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Dyskinetic Cilia Syndrome 


Dyskinetic (immotile) cilia syndrome, another progressive lung 
disease, occurs in approximately 1 in 16,000 children and is the result 
of ultrastructural abnormalities of the cilia (see Chapter 2). The 
absence of dynein arms (inner and outer) is the most common form 
of the syndrome, but other structural abnormalities can result in 
decreased or absent ciliary movement. Acquired ciliary dyskinesia may 
be caused by a number of different environmental and infectious 
agents and is usually a temporary condition. The abnormal mucocili- 
ary clearance of endobronchial secretions causes a chronic bronchitis. 
Wheezing is a common clinical manifestation resulting from the 
obstruction of the airways by mucus. Repeated or persistent severe 
upper respiratory tract infections, usually in the form of chronic pan- 
sinusitis or recurrent suppurative otitis media, are typical. Male steril- 
ity resulting from the impaired movement of spermatozoa is also 
present. Although Kartagener initially described several patients with 
situs inversus totalis, chronic sinusitis, and bronchiectasis, dextrocardia 
is present in only 50% of patients with this syndrome. 

Arriving at a diagnosis necessitates a high index of suspicion and 
warrants pursuit in the child with recurrent wheezing, bronchitis, 
sinusitis, and otitis media. Findings on chest radiographs are generally 
nonspecific, and frequently demonstrate areas of pulmonary consoli- 
dation. Extensive atelectasis with significant respiratory distress has 
been described in neonates with this condition. Bronchiectasis is a late 
sequela of dyskinetic cilia syndrome. Functional assays for mucociliary 
clearance or examination of respiratory epithelial cells for ultrastruc- 
tural ciliary defects with electron microscopy is necessary to establish 
a diagnosis. 


NONPULMONARY CAUSES OF 
RESPIRATORY DISTRESS 


Cardiac 


Cardiac disease is an important and common nonpulmonary cause of 
respiratory distress. Increased work of breathing and respiratory dis- 
tress most commonly occur in cardiac diseases caused by large left- 
to-right shunts, dysfunction of the systemic ventricle, and vascular 
lesions that obstruct the airway (see Chapter 8). Cardiac failure from 
any cause is often manifested as respiratory distress. Infants with con- 
genital heart defects that produce a large left-to-right shunt that results 
in pulmonary vascular engorgement, edema formation, and reduced 
lung compliance demonstrate tachypnea, dyspnea, and grunting. 
Wheezing or “cardiac asthma” can occur when there is compression 
of intrathoracic airways by vascular engorgement and interstial edema. 
With most congenital heart defects with left-to-right shunts, an abnor- 
mal heart murmur and cardiomegaly are prominent clues to the diag- 
nosis. Acute myocarditis, usually of viral etiology, can manifest with 
tachypnea, dyspnea, grunting, and diaphoresis. The physical examina- 
tion reveals tachycardia and decreased heart sounds, and chest radi- 
ography shows a massively enlarged heart. Cardiomyopathy may be 
congenital, may have a metabolic or toxic cause, may be familial, or 
may be idiopathic. Other causes of cardiac failure, such as severe 
hypertension, renal failure, and severe anemia, should also be sought. 
Systemic ventricular failure caused by obstructing lesions, such as 
aortic stenosis, coarctation of the aorta, or mitral stenosis, also causes 
increased pulmonary vascular engorgement and edema, which results 
in the same symptoms as those for a large left-to-right shunt. Depend- 
ing on the severity of the left ventricular outflow obstruction, systemic 
blood flow may be decreased, resulting in poor perfusion and meta- 
bolic acidosis. If blood flow into the systemic ventricle from the 
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pulmonary veins or left atrium is decreased or obstructed, as in total 
anomalous pulmonary venous return or mitral stenosis, then severe 
pulmonary edema, hypoxemia, and respiratory distress ensues. Many 
of these lesions manifest early in infancy. Tachypnea, wheezing, cya- 
nosis, and metabolic acidosis are typical presenting signs. Accurate 
diagnosis depends on echocardiography; cardiac catheterization may 
be needed in complex cases. 


Neurologic 


Children with certain primary neurologic disorders, such as increased 
intracranial pressure or neuromyopathic weakness, may present in 
respiratory distress. Common symptoms include irregular respirations, 
hypoventilation, or hyperventilation. These symptoms, accompanied 


by an altered mental status, should prompt an evaluation of the 
central nervous system for problems such as meningitis, cerebritis 
or encephalitis, intracranial hemorrhage, mass lesion, or toxic 
ingestion. 


Other 


Metabolic derangement that results in acidosis can produce tachypnea 
and possible dyspnea. Common causes of acidosis include diabetic 
ketoacidosis, sepsis, and ingestions (such as aspirin). The presence of 
multisystem involvement in addition to respiratory distress should 
lead to arterial blood gas determination, urinalysis, and possibly a 
toxicology screen. 


Respiratory distress may be a result of disorders of the extrathoracic 
or intrathoracic airways (intrinsic or extrinsic compression- 
obstruction), alveoli, pulmonary vasculature, pleural spaces, or thorax. 
The distress may be secondary to respiratory, cardiovascular, hemato- 
logic, or central nervous system diseases. The most important aspect 
of the evaluation of a child with respiratory distress is observation of 
the child’s breathing pattern and a brief, directed history and physical 
examination. Once the cause is identified, treatment should be started 
quickly to avoid progression to respiratory failure. 

Red flags for impending respiratory failure include sudden onset of 
distress (epiglottitis, foreign body aspiration), hemoptysis, severe 
retractions, lethargy, a sitting up—leaning forward posture, dysphagia, 
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drooling, or aphonia. It is imperative to identify the symptoms 
of impending respiratory failure and not delay treatment with unnec- 
essary clinical or radiologic studies. Epiglottitis should be recognized 
quickly, and treatment initiated promptly. It is also important not to 
miss a foreign body, which with time may produce chronic respiratory 
disease that is often confused with pneumonia or asthma. 

Signs of a more chronic process include lack of resolution with 
normal therapy, chronicity of symptoms, positive family history, digital 
clubbing, weight loss, and/or failure to thrive. These signs should 
prompt further work-up and consultation with a pulmonary specialist 
as needed. Asthma will rarely cause digital clubbing, so its presence 
should raise concern for another primary lung disease process. 
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INTRODUCTION 


Earache (otalgia) is pain that arises from a pathologic process in the 
external, middle, or inner ear or that is referred to the ear from another 
structure. Acute otitis media (AOM) is the most common cause of 
otalgia in children (Tables 4.1 and 4.2). At least 80% of children will 
experience one or more episodes of AOM in the first three years of life. 
The second most common cause of ear pain is otitis externa, followed 
by dermatitis and infections of the pinna (see Table 4.1). Other causes 
of otalgia are rare (Table 4.3). A careful examination of the pinna, 
external auditory canal, and tympanic membrane can help the clini- 
cian identify most causes of ear pain. When the findings are normal, 
the clinician should consider referred pain (Table 4.4). 


$ History 


Older, verbal children with ear pain are often able to localize and 
accurately describe their symptoms. Younger children often cannot 
localize their pain and may present with a variety of nonspecific symp- 
toms, including fever, irritability, rhinorrhea from an associated upper 
respiratory tract illness (URI), and ear pulling. Even though ear pulling 
is associated with ear pain, it 1s neither specific nor sensitive in the diag- 
nosis of ear disease. In addition, infants with AOM may occasionally be 
afebrile and present with various degrees of irritability, such as sleep 
disturbances and/or eating or drinking inadequately. The clinician 
should be highly suspicious of ear disease in infants during the first 
year of life or in any preschool child with fever, irritability, or a URI. 

In taking a history from a child who presents with ear pain, the 
clinician must distinguish between true ear pain and the sensation of 
fullness and discomfort that children experience when they have an 
effusion or retracted tympanic membrane secondary to a dysfunc- 
tional eustachian tube. The clinician should review the child’s history 
for factors placing the child at risk for infection such as craniofacial 
(cleft palate) abnormalities, immunodeficiencies, autoimmune disease, 
diabetes, previous ear infections, placement of tympanostomy tubes, 
and recent dental procedures, trauma, and air travel. Immunization 
status should also be reviewed. A careful review of systems should elicit 
associated fevers, sore throat, reflux symptoms, otorrhea, neurologic 
symptoms, and symptoms of sinusitis. Children with a middle ear 
effusion may have decreased hearing acuity. 

Acute otitis media presents with abrupt onset of otalgia associated 
with middle ear fluid, signs and symptoms of inflammation, and local 
or systemic infection. Risk factors for AOM include a family or per- 
sonal history of recurrent AOM, trisomy 21, household cigarette 
smoke exposure, lack of breastfeeding, lower socioeconomic status, 
male gender, cleft palate, immunodeficiency, and group daycare atten- 
dance or siblings in the household. 

Children with otitis externa (“swimmer’s ear”) present with either 
ear pain, purulent otorrhea, or both. Manipulating the tragus and 
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pinna causes extreme pain. On otoscopic exam, the external canal is 
erythematous and there is typically drainage. Relapsing polychondritis 
also involves swelling and redness of the pinna; this condition is usually 
bilateral and recurrent, and other cartilaginous structures are affected. 
With referred ear pain, such as from tooth decay or teething, there are 
often additional symptoms associated with the respective head and 
neck structures (see Table 4.4). Patients with ear pain secondary to 
maxillary sinusitis may also complain of headaches and purulent 
rhinorrhea. 


® Physical Examination 


In a child presenting with a chief complaint of ear pain, the general 
examination includes the temperature, the respiratory rate, and a 
determination of whether the infant or child has a toxic appearance. 
Then the clinician proceeds with the complete head, eyes, ears, nose, 
oral cavity, and throat examination and with an appropriately focused 
physical examination of other pertinent systems. 

The examination of the ear begins with the less symptomatic ear. 
The clinician should inspect the pinna and adjacent tissues for derma- 
titis, redness, and edema. The pinna, including the cartilaginous por- 
tions, and the mastoid process are palpated for any tenderness. 
Erythema, swelling, and tenderness over the mastoid process suggest 
mastoiditis; whereas localization of these findings to the external audi- 
tory canal and the pinna suggests otitis externa. In both conditions, 
the swelling may be so severe that the pinna is laterally displaced. The 
opening of the external ear canal is also examined for the presence of 
discharge or exudate. Most disorders of the external ear can be detected 
through this examination (see Tables 4.1 and 4.3). 

Otoscopy provides an opportunity to indirectly view the middle ear 
through the tympanic membrane. The middle ear is normally an air- 
filled cavity that transmits sound from the eardrum to the ossicle and 
then into the internal ear (Fig. 4.1). Otoscopy begins by properly posi- 
tioning and, if necessary, restraining the patient. Both shoulders and 
hips need to be stabilized so that the patient cannot roll during the 
examination. Infants are best examined on an examining table in 
the prone position, with a parent or an attendant firmly holding the 
patients shoulders, thus preventing the patient from moving. Toddlers 
should sit on a parent’s lap, with the examiner sitting in a chair oppo- 
site them. The child is held against the parent’s chest, with one of the 
parent’s hands and arms holding the child’s arms and the other around 
the child’s head so that one ear is exposed. To avoid trauma with move- 
ment, the otoscope should be held in the examiner’s hand making 
direct contact with the patient’s head, allowing the otoscope to move 
with the head. 

Cerumen (ear wax) is a waxy substance consisting of glandular 
discharge from cells in the outer external canal mixing with exfoliated 
epithelial cells. Cerumen can both obscure visualization of the 
eardrum leading to diagnostic errors and be a cause of otalgia if 
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TABLE 4.1 


SECTION 1 


Respiratory Disorders 


Differential Diagnoses 


of Painful External Ear and Auditory 
Canal Disorders 


Disorder 
Acute otitis externa 


Malignant otitis 
externa 


Dermatitis 
Eczema 


Contact 
Seborrhea 


Psoriasis 


Cellulitis 


Furuncles 


Infected periauricular 
cyst 


Clinical Features 


Diffuse redness, swelling, and pain of the canal 
with greenish to whitish exudate; often very 
tender pinna 


Rapidly progressive, severe swelling and redness 
of pinna; pinna may be laterally displaced 


History of atopy, presence of lesions elsewhere; 
lesions are scaly, red, pruritic, and weeping 

History of cosmetic use or irritant exposure; 
lesions are scaly, red, pruritic, and weeping 

scaly, red, papular dermatitis; scalp may have 
thick, yellow scales 

History or presence of psoriasis elsewhere; 
erythematous papules that coalesce into thick, 
white plaques 

Diffuse redness, tenderness, and swelling of the 
pinna 


Red, tender papules in areas with hair follicles 
(distal third of the ear canal) 

Discrete, palpable lesions; history of previous 
swelling at same site; cellulitis may develop, 


obscuring cystic structure 


Insect bites History of exposure; lesions are red, tender 


papules 

Painful, vesicular lesions in the ear canal and 
tympanic membrane in the distribution of cranial 
nerves V and VII 


Herpes zoster 


Perichondritis Inflammation of the cartilage, usually secondary to 


cellulitis 


Tumors Palpable mass, destruction of surrounding 


structures 


Foreign body Foreign body may cause secondary trauma to the 
ear canal or become a nidus for an infection of 


the ear canal 


Trauma Bruising and swelling of external ear; there may 
be signs of basilar skull fracture (cerebrospinal 


fluid otorrhea, hemotympanum) 


impaction occurs. To view the eardrum properly, the examiner should 
remove the wax by irrigating the ear canal gently with lukewarm water, 
lift the wax out with a blunt curette, or dissolve the wax by placing 
1-2 drops of docusate sodium liquid in the canal for 10-15 minutes. 
Contraindications for irrigation or use of a cerumenolytic solution 
are the presence of a tympanostomy tube, a perforated tympanic 
membrane, or an organic foreign body (e.g., legumes swell in contact 
with fluids). 

During the insertion of the speculum, the clinician should note any 
redness, edema, tenderness, exudate, furuncles, or vesicles that may be 
present in the external auditory canal. In some illnesses (otitis externa), 
the ear canal may be so edematous that the speculum cannot be 
inserted and the eardrum cannot be seen. In addition, in neonates and 
in some children with craniofacial anomalies such as trisomy 21, the 


TABLE 4.2 Differential Diagnosis of Painful 
Middle Ear Disorders 


Disorder Clinical Features 


Acute otitis media Immobile tympanic membrane that may appear 


bulging, red, and/or opaque 
Bullous myringitis Hemorrhagic or serous bullae on the tympanic 


membrane; more severe pain than AOM 


Mastoiditis Tenderness and erythema over mastoid with 
periostitis process; no destruction of bone 


trabeculae 

Destruction of bone trabeculae; tenderness and 
erythema over mastoid process coupled with 
outward displacement of pinna 


Acute mastoid osteitis 


Granulomatosis 


severe necrotizing vasculitis; ulcerative and 
destructive granulomatous lesions of upper and 
lower respiratory tract with polyangiitis 


Histiocytosis Pituitary dysfunction, exophthalmos, seborrheic 
dermatitis, and bone lesions; if bone lesions 
involve the ear, patient presents with mastoid 


tenderness and otorrhea 


external canal may be so small that it precludes an accurate assessment 
of the tympanic membrane. 

Pneumatic otoscopy allows evaluation of the tympanic membrane’s 
mobility. Because it is more accurate than otoscopy alone in detecting 
middle ear effusion, pneumatic otoscopy should be part of every ear 
examination. In performing pneumatic otoscopy, the examiner should 
select a speculum that fits snugly in the external auditory canal. The 
examiner then partially depresses the rubber bulb of the pneumatic 
otoscope and inserts the otoscope into the ear canal (Fig. 4.2). Once 
the eardrum is seen, the examiner should observe the color, appear- 
ance, position, bony landmarks, and mobility of the tympanic mem- 
brane (Table 4.5, Fig. 4.3). If the eardrum is not perforated, the clinician 
observes its mobility by alternating positive and negative pressure by 
gently depressing and releasing the bulb of the pneumatic otoscope. 
Poor mobility of the eardrum may be secondary to middle ear effusion, 
a perforated tympanic membrane, or lack of an airtight seal (Fig. 4.4). 

In neonates and young infants, the eardrum is less perpendicular 
to the observer, the bony landmarks are less distinct, and the eardrum 
is less mobile than in older infants and children. Failure to appreciate 
these normal otoscopic findings may lead to the overdiagnosis of 
middle ear effusion. 

In the first few hours of AOM, the middle ear cavity may not yet 
be filled with fluid, and the mobility may be normal. By the time the 
patient is examined, the middle ear is usually filled with fluid, and the 
eardrum is opaque and bulging with decreased mobility (see Fig. 4.4). 
A reddened eardrum may indicate inflammation of the tympanic 
membrane (TM), but this physical finding is not specific because crying 
alone can induce diffuse redness of the eardrum. In addition, differen- 
tiation of color is highly variable among observers, which may in part 
result from the intensity and type of light source used in otoscopy. 

In otitis media with effusion (OME), also known as serous otitis 
media, the cardinal sign is decreased mobility of the eardrum. The 
eardrum may be opaque, but not bulging or grossly inflamed (Fig. 4.5; 
see Table 4.5). A challenge for the clinician is the child with symptoms 
consistent with AOM (ear pain) but with the physical findings of OME. 
In such cases, it is difficult to decide whether there is an acute infection 


CHAPTER 4 Earache 


TABLE 4.3 Causes of Otalgia and Sources for Referred Pain 


Intrinsic II. Facial Nerve 


I. External Ear A. Bell palsy 

A. External otitis B. Tumors 

B. Cerumen impaction C. Herpes zoster 
C. Foreign body 

D. Perichondritis 

E. Preauricular cyst or sinus 
F. Insects 

G. Myringitis 

H. Trauma 

l. Tumor 


III. Glossopharyngeal Nerve 
A. Tonsil 

B. Oropharynx 

C. Nasopharynx 


IV. Vagus Nerve 
A. Laryngopharynx 
II. Middle Ear, Eustachian Tube, and Mastoid B. Esophagus 
C. Gastroesophageal reflux 
A. Barotrauma l 
. Middle ear effusion . [NYO 
. Negative intratympanic pressure (eustachian tube dysfunction) 


B 

© DA I V. Cervical Nerves 
D. Acute otitis media 

E 

F 


A. Lymph nodes 
B. Cysts 

C. Cervical spine 
D. Neck infections 


. Mastoiditis 
. Aditus block 
G. Complication of otitis media 
H. Tumor 
. Eosinophilic granuloma VI. Miscellaneous 
J. Granulomatosis with polyangiitis A. Migraine 
B. Neuralgias 
C. Paranasal sinuses 
I. Trigeminal Nerve D. Central nervous system 
A. Dental E. Drug induced (mesalazine, sulfasalazine) 


B. Jaw F. Factitious disorder by proxy 
C. Temporomandibular joint 


D. Oral cavity (tongue) 
E. Infratemporal fossa tumors 


Extrinsic 


From Bluestone CD, Stool SE, Alper CM, et al. Pediatric Otolaryngology. 4th ed. Vol 1. Philadelphia: Saunders; 2003:288. 
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FIGURE 4.1 Anatomy of the ear. A, A normal external ear (auricle or pinna) is shown, with its various 
landmarks labeled. It is helpful to refer to such a diagram in assessing congenital anomalies. B, This coronal 
section shows the various structures of the hearing and vestibular apparatus. The three main regions are 
the external ear, middle ear, and inner ear. The eustachian tube connects the middle ear and the nasopharynx 
and serves to drain and ventilate the middle ear. (From Yellon R, Chi D. Otolaryngology. In: Zitelli, ed. Atlas 
of Pediatric Physical Diagnosis. 6th ed. Philadelphia: Elsevier; 2012:914). 


SECTION 1 Respiratory Disorders 


TABLE 4.4 Causes of Referred Ear Pain 


Neck 
Cervical lymphadenitis 


Infected cervical cysts 
Subluxation of the atlantoaxial joint (torticollis and otalgia) 


Salivary Glands 
Parotitis 


Thyroid 
Thyroiditis 


Teeth and Gums 
Dental caries 


Dental abscess 

Impacted teeth 

Gingivitis 

Temporomandibular Joint 
Temporomandibular disorder 

Arthritis, juvenile idiopathic arthritis 

Spasm from bruxism or dental malocclusion 


Tonsils 
Tonsillitis 


Peritonsillar abscess 
Post-tonsillectomy neuralgia 


Pharynx 
Pharyngitis 


Paranasal Sinuses 
Maxillary sinusitis 


Other 
Herpes zoster (Ramsey-Hunt syndrome: postherpetic neuralgia, migraine) 
Bell palsy 


Migraine 
Tumors (e.g., of facial nerve) 


of the middle ear or whether it is OME with an illness at another site 
causing the symptoms. 

When the external ear and tympanic membrane are normal in a child 
with an earache, the clinician must consider the possibility of referred 
pain (see Table 4.4). Innervation of the external and middle ear 
includes pain fibers of the trigeminal, glossopharyngeal, and vagus 
nerves and, to a lesser extent, the facial nerve and upper cervical nerves. 
The clinician should examine the neck, parotid gland, thyroid, mouth, 
tongue, teeth, temporomandibular joint, tonsils, and throat. In chil- 
dren, the cause of referred pain is usually infectious rather than non- 
infectious (e.g., a tumor). 


FIGURE 4.2 Technique for pneumatic otoscopy. (From Bluestone CD, 
Klein JO. Otitis Media in Infants and Children. 2nd ed. Philadelphia: WB 
Saunders; 1995:92.) 


TABLE 4.5 The Tympanic Membrane in Acute Otitis Media and Otitis Media With Effusion 


Characteristic Normal Findings Acute Otitis Media 
Color Gray to pink 


tympanic membrane 


Appearance Translucent Opaque 


Position Neutral 


Mobility Tympanic membrane 
moves freely reduced 


Other findings Perforation with otorrhea 


Often red from inflammation; yellow to 
white from purulent fluid behind 


Fluid under pressure produces bulging of 
tympanic membrane; bony landmarks 
may be distorted and the light reflex lost 


Mobility to positive and negative pressure 


Otitis Media With Effusion Comments 

Interobserver variation of 
color is high; redness can 
occur from crying alone 


Usually gray to pink, but may still 
be yellow or white; not red 


Opacity is caused by opaque 
fluid or by scarring of 
tympanic membrane 


Translucent or opaque 


Not bulging; may be retracted 


Mobility to positive and negative 
pressure reduced 


® Diagnostic Tests 


Bacterial Cultures 

Routine cultures of middle or external ear fluid are not required 
because most infections are self-limited and respond to empirical anti- 
microbial therapy. In selected instances (e.g., persistent treatment 
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FIGURE 4.3 The four quadrants of a right tympanic membrane. (From 
Bluestone C, Klein J. Methods of examination: Clinical examination. In: 
Bluestone CD, Stool, SE, Kenna MA, eds. Pediatric Otolaryngology. 3rd 
ed. Vol 1. Philadelphia, WB Saunders; 1996:157.) 


NORMAL 

Position—neutral 

Color—normal 

Translucency—translucent 

Mobility—moves briskly with 
slight positive and negative 
pressure 


NEGATIVE MIDDLE-EAR 
PRESSURE 
Position—retracted 
Color—normal 
Translucency—translucent 
Mobility—moves only with 
applied negative pressure 


ACUTE OTITIS MEDIA 
Position—tfull to bulging 
Color—red (can be pink, 
white, or yellow) 
Translucency—opaque 
Mobility—poor when both 
positive and negative 
pressures are applied 
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failure, severe pain, an immunocompromised host, a neonate), culture 
of otorrhea from the external auditory canal or cultures of middle ear 
fluid by tympanocentesis may guide therapy. In a child with AOM, the 
offending pathogen is usually present in the nasopharynx. Unfortu- 
nately, nasopharyngeal cultures are not helpful in directing therapy 
because multiple pathogens are present and it is unclear which organ- 
ism is actually causing the middle ear infection. With the emergence 
of strains of Streptococcus pneumoniae that are resistant to commonly 
used antibacterials, the incidence of treatment failures may increase. 
This may necessitate a greater reliance on tympanocentesis for culture 
of middle ear fluid to determine the appropriate antimicrobial agent. 


Tympanometry 


Tympanometry is an objective, painless method for detecting the pres- 
ence of middle ear effusion by providing information about tympanic 
membrane compliance. A soft plastic probe is inserted into the external 
auditory canal in order to obtain an airtight seal. The tympanometer 
measures the flow of sound energy into the middle ear under condi- 
tions of changing air pressure. When the air pressure is equal on both 
sides of an intact eardrum, with the drum in neutral position, the 
transmission of sound energy through the tympanic membrane is at 
its maximum. The peak on the tympanogram represents the pressure 
at which the flow of sound energy is maximal. For example, in a 
normal air-filled middle ear cavity, the peak occurs at ambient atmo- 
spheric pressure (Fig. 4.6A). With eustachian tube dysfunction (a 
retracted eardrum but no middle ear effusion), the peak occurs in the 
negative pressure range on the recording (Fig. 4.6C). With middle ear 
effusion, the sound energy flow into the middle ear is reduced, which 
produces a flat tympanogram (Fig. 4.6B). A flat tympanogram may 
also result from cerumen, foreign body, or from occlusion of the 
opening of the probe by the wall of the external auditory canal. In a 
perforated eardrum, the sound energy is readily transmitted through 
the hole in the drum throughout the entire pressure range, resulting 
in a flat tympanogram. 


FLUID LEVEL 

Position—retracted 

Color—yellow or amber 

Translucency—translucent 

Mobility—same as with high 
negative pressure, but fluid 
level and bubbles change with 
applied pressure 


OTITIS MEDIA WITH 
EFFUSION 

Position—usually retracted 

Color—white (or yellow or blue) 

Translucency—opaque (may be 
translucent) 

Mobility—poor when both 
positive and negative 
pressures are applied 


PERFORATION (OR PATENT 
TYMPANOSTOMY TUBE) 

Position—neutral or retracted 

Color—white, pink, red, or 
normal 

Translucency—translucent or 
Opaque 

Mobility—none 


FIGURE 4.4A-F Common conditions of the middle ear, as assessed with the otoscope. (From Bluestone 
C, Klein J. Otitis Media in Infants and Children. 3rd ed. Philadelphia: Saunders; 2001:131.) 
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(See Nelson Textbook of Pediatrics, p. 3090.) 
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FIGURE 4.5 Tympanic membrane in otitis media with effusion. (From 


Kerschner J, Preciado D. Otitis media. In: Kliegman R, ed. Nelson 
Textbook of Pediatrics. 20th ed. Philadelphia: Elsevier; 2015:3090.) 
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FIGURE 4.6 A, A normal tympanogram with a peak at atmospheric 
pressure, indicating an air-filled middle ear with normal (atmospheric) 
pressure. B, A “flat” tympanogram, indicating middle ear effusion. 
C, Atympanogram with a negative peak pressure, indicating eustachian 
tube obstruction. 


The use of tympanometry can be limited by patient age and coop- 
eration with testing, cerumen impaction, and the skill of the individual 
performing the testing. When performed by experts, tympanometry 
and pneumatic otoscopy have equivalent sensitivity (approximately 
90%) and specificity (70%-80%). Tympanometry is neither more 
accurate nor more convenient than is properly performed pneumatic 
otoscopy. Some tympanometers do not perform well in infants 
younger than 6 months of age. Tympanometry is advantageous if 
the clinician is unsure of the otoscopic findings. Tympanometry can 
only indicate middle ear effusion, but cannot distinguish between AOM 
and OME. 


Acoustic Reflectometry 


Acoustic reflectometers are used to detect middle ear effusion. The 
device directs sonar-like sound waves of varying frequency toward the 
tympanic membrane and measures the intensity of reflected sound. 
This hand-held instrument is similar in size to an otoscope. The tip of 
the reflectometer is inserted into the ear canal. In contrast to tympa- 
nometry, an airtight seal is not required. The frequency of maximal 
reflected sound depends on the distance of the probe from the eardrum. 
Middle ear effusion is detected not by the frequency but by the mag- 
nitude of maximal reflected sound. When middle ear effusion is 
present, reflectance is increased in comparison with that in the air- 
filled middle ear. 

Improvements in technology have been made such that reflec- 
tometry includes spectral gradient analysis. Reflectometry is easily 
learned, quick, convenient, and useful in a crying child. It has a lower 
sensitivity and specificity than properly performed pneumatic otos- 
copy in detecting middle ear effusion. Because the accuracy of current 
models decreases in infants younger than 1 year, this technique should 
not be used in infants younger than 6 months of age. Like tympa- 
nometry, reflectometry can reveal only whether middle ear effusion 
is present and cannot reveal whether the effusion is secondary to 
AOM or OME. Reflectometry is useful if otoscopic findings are 
indeterminate. 


Diagnostic Imaging 

Radiologic techniques are rarely required in the evaluation of external 
or middle ear disease, but they may be useful in the assessment of 
intratemporal and intracranial complications of otitis media. Opaci- 
fication of the normally aerated mastoid air cells is usually seen in 
AOM because the mastoid air cells communicate with the middle 
ear space. By definition, this is acute mastoiditis; however, this opaci- 
fication resolves concomitantly with the successful treatment of AOM. 
In contrast, in acute mastoid osteitis, also called acute coalescent 
mastoiditis, there is destruction of bone trabeculations in the mastoid 
air cells. Computerized tomography (CT) scan is the preferred imaging 
modality to aid in this diagnosis. Imaging studies can be useful in 
evaluating a patient for other intracranial complications of AOM. 
CT scans of the head can evaluate for suspected cholesteatomas. 
Magnetic resonance imaging should be used for diagnosing intra- 
cranial mass lesions (brain abscess) and soft tissue sequela of infec- 
tion, while magnetic resonance venography would identify dural sinus 
thrombosis. 


$ Differential Diagnosis 


Most disorders of the external and middle ear are readily apparent after 
the examination of the ear (see Tables 4.1 to 4.3). If examination find- 
ings are unremarkable, the clinician should consider referred pain (see 
Table 4.4). Most cases of otitis media are uncomplicated; however, the 
clinician should be alert to the complications and sequelae of AOM 
(Table 4.6). 
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TABLE 4.6 Manifestations of the Sequelae and Complications of Otitis Media 


Complication 


Acute 
Perforation with otorrhea 


Acute mastoiditis with periostitis 
Acute mastoid osteitis 


Petrositis 


Facial nerve palsy 
Labyrinthitis 

Lateral sinus thrombosis 
Meningitis 

Extradural empyema 
Subdural empyema 
Brain abscess 


Nonacute 
Chronic perforation 


Otitis media with effusion (OME) 
Adhesive otitis 
Tympanosclerosis 

Chronic suppurative otitis media 


Cholesteatoma 


Otitic hydrocephalus 


Clinical Features 


Immobile tympanic membrane secondary to visible perforation, exudate in ear canal 
Tenderness and erythema over mastoid process, no destruction of bony trabeculae 


Destruction of bony trabeculae; tenderness and erythema over mastoid process coupled with outward displacement of 
pinna 


Infection of perilabyrinthine cells; may present with otitis, paralysis of lateral rectus, and ipsilateral orbital or facial pain 
(Gradenigo syndrome) 


Peripheral cranial nerve VII paralysis 

Vertigo, fever, ear pain, nystagmus, hearing loss, tinnitus, nausea and vomiting 
Headache, fever, seizures, altered states of consciousness, septic emboli 

Fever, headache, nuchal rigidity, seizures, altered states of consciousness 

Fever, headache, seizures, altered states of consciousness 

Fever, headache, seizures, altered states of consciousness 

Fever, headache, seizures, altered states of consciousness, focal neurologic examination 


Immobile tympanic membrane secondary to perforation 
Immobile, opaque tympanic membrane 

Irreversible conductive hearing loss secondary to chronic OME 
Thickened white plaques, may cause conductive hearing loss 


Following acute otitis media with perforation, secondary infection with Staphylococcus aureus, Pseudomonas aeruginosa, 
or anaerobes develops, causing chronic otorrhea 


White, pearl-like destructive tumor with otorrhea arising near or within tympanic membrane; may be secondary to chronic 
negative middle ear pressure 


Increased intracranial pressure secondary to AOM; signs and symptoms include severe headaches, blurred vision, 


nausea, vomiting, papilledema, diplopia (abducens paralysis) 


OTITIS EXTERNA 


Otitis externa is an infection of the external ear canal. The external 
canal can become vulnerable to infection from excessive moisture from 
warm humid weather, moisture in the canal, or swimming. The mois- 
ture may cause small abrasions in the protective lipid layer of skin in 
the ear canal. These abrasions become infected on exposure to patho- 
genic bacteria. Dryness or presence of underlying skin conditions 
(such as eczema) and trauma (including cotton ear swabs) can also 
predispose the external canal to infection. Less commonly, otorrhea 
draining from a perforated tympanic membrane secondary to otitis 
media may cause otitis externa. 

The presenting symptoms are often intense pain (especially with 
manipulation of the pinna, pressure on the tragus, or jaw movement), 
erythema, and otorrhea. On physical examination, the ear canal is red, 
edematous, and tender. Otorrhea may be present in the external canal. 
While otitis externa can occur at all ages, occurrence peaks between 7 
and 12 years of age, with 10% of people having an episode in their 
lifetime. Otitis externa is rarely bilateral in nature. 

Pseudomonas aeruginosa is the predominant organism causing 
otitis externa, but staphylococcal species (Staphylococcus aureus and 
coagulase-negative staphylococci) and streptococci have been isolated. 
Gram-negative organisms, such as Enterobacter, Proteus, and Klebsiella 
species, and fungal organisms, such as Candida and Aspergillus species, 
have also been isolated. 


Treatment consists of a topical suspension, commonly ofloxacin 
or ciprofloxacin combined with hydrocortisone or dexamethasone. 
The addition of the topical steroid has shown improvement in pain 
relief. Most patients respond within a few days. If there is marked 
edema of the canal, antibacterials may not reach the site of infection. 
In this case, the canal should be cleaned with gentle suction, and a 
cotton wick should be inserted into the auditory canal. Antibacterial 
suspension is then dripped into the wick, which allows the medication 
to diffuse further into the ear canal. In some cases, daily cleaning and 
replacement of the wick are necessary. If the infection progresses, the 
patient may need parenteral antibacterials and consultation with an 
otolaryngologist. 

Chondritis is a potential complication of severe otitis externa. It 
occurs when the infection progresses into the cartilaginous structures 
of the ear canal. This complication is rare without a history of previous 
trauma or surgery. The most common pathogens are Pseudomonas and 
S. aureus. Treatment requires systemic antibacterials and can require 
surgical debridement of tissue. 


MALIGNANT OTITIS EXTERNA 


Malignant otitis externa, also known as necrotizing otitis externa, is an 
extension of infection to the temporal bone and skull base causing 
extensive tissue destruction. The illness may result in chondritis 
and osteitis of both the middle and inner ears. This condition occurs 
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primarily in immunocompromised pediatric patients. In adults, dia- 
betes mellitus is a common predisposing condition, though it is not a 
common comorbidity in children. Presenting symptoms include a 
markedly swollen and laterally displaced pinna associated with fever, 
malaise, and persistent, deep-seated otalgia out of proportion to find- 
ings on examination. Occasionally, facial nerve paralysis may be noted. 
Aggressive treatment with broad-spectrum parenteral antibiotics is 
indicated. Pseudomonas aeruginosa is the most commonly isolated 
pathogen, and coverage should include antibacterials directed against 
it. Surgical intervention may be necessary to obtain cultures for therapy 
guidance and provide local tissue debridement. This condition is rare 
in children. 


ACUTE OTITIS MEDIA 


Acute otitis media is most commonly a bacterial complication of a 
preceding or concurrent viral upper respiratory tract infection (URI), 
usually occurring several days after the onset of the URI. The viral 
infection enables pathogenic bacteria in the nasopharynx to ascend 
through the eustachian tube into the middle ear either by impairing 
local host defenses or by eustachian tube dysfunction. The bacterial 
pathogens then cause a secondary infection. 

In 2013, the American Academy of Pediatrics (AAP) revised their 
guideline on the diagnosis of AOM. According to these guidelines, a 
diagnosis of AOM should be made in children presenting with: 

e Moderate to severe bulging of the TM or new onset of otorrhea not 
due to acute otitis externa 

e Mild bulging of the TM and recent (<48 hours) onset of significant 
TM erythema or ear pain (Fig. 4.7; see Table 4.5). 


Bacteriology/Virology 


The leading bacterial pathogens isolated from middle ear fluid in chil- 
dren with AOM are Streptococcus pneumoniae, nontypable Haemophi- 
lus influenzae, and Moraxella catarrhalis. Staphylococcus aureus and 
group A streptococci are uncommon pathogens, though S. aureus 
should be considered in patients with persistent otorrhea after tympa- 
nostomy tube placement. In the first month of life (especially the first 


FIGURE 4.7 Tympanic membrane in acute otitis media. (From Kersch- 
ner J, Preciado D. Otitis media. In: Kliegman R, ed. Nelson Textbook 
of Pediatrics. 20th ed. Philadelphia: Elsevier; 2015:3089.) 


2 weeks), gram-negative enteric bacteria (e.g., Escherichia coli, Klebs1- 
ella pneumoniae) or group B streptococcus may also be isolated. Otitis 
media with ipsilateral conjunctivitis is often caused by nontypable H. 
influenzae. 

The pneumococcal conjugate vaccine (PCV) 7 was introduced in 
2000, covering serotypes 4, 6B, 9V, 14, 18C, 19F, and 23F of S. pneu- 
montiae. Widespread use of this vaccine resulted in a 29% reduction in 
AOM caused by all pneumococcal strains in children prior to 24 
months of age. There was also a reduction in tympanostomy tube 
placement. In the first few years following introduction of PCV7, a shift 
from S. pneumoniae to nontypable H. influenzae as the leading patho- 
gen causing AOM was noted. Shortly thereafter, a shift to non-PCV7 
S. pneumoniae isolates as the primary pathogen of AOM, including 
multiresistant serotype 19A, was noted. Licensing and widespread use 
of the PCV13 vaccination began in 2010 in the United States, adding 
coverage for an additional 6 serotypes of S. pneumoniae (serotypes 
included in the PCV7 vaccination plus serotypes 1, 3, 5, 6A, 7F, and 
19A). Preliminary studies have demonstrated a significant decline in 
the number of primary office visits related to AOM with the wide- 
spread use of this vaccine. 

Viruses also have an important etiologic role. It is not clear whether 
the virus alone or a combination of virus and bacteria are involved in 
the pathogenesis. Several studies have documented the presence of 
viruses (10%-44% with or without bacteria) in the middle ear fluid of 
children with otitis media. URIs secondary to respiratory syncytial 
virus, influenza, and adenovirus have been associated with 30%-40% 
of AOM cases in children attending daycare. To a lesser degree, URIs 
secondary to parainfluenza, rhinovirus, and enteroviruses have also 
been associated with AOM. Viruses enhance bacterial adherence and 
colonization in the nasopharynx, impair local host immune defenses, 
and cause eustachian tube dysfunction. 

Strains of S. pneumoniae have emerged with altered penicillin- 
binding proteins on the bacterial cell wall, which makes them less 
susceptible to B-lactam drugs (penicillins and cephalosporins). In 
addition, because resistance genes are frequently linked, organisms 
with resistance to B-lactam drugs are more likely to be resistant to sulfa 
antibacterials and to the macrolide class. Nonetheless, high-dose 
amoxicillin remains the best oral antibiotic available for drug-resistant 
S. pneumoniae. Currently, approximately 40% of H. influenzae strains 
and nearly all strains of M. catarrhalis produce B-lactamase enzymes, 
which hydrolyze penicillins and some cephalosporins, making them 
resistant to B-lactamase—producing antibacterials. Use of B-lactamase 
inhibitors such as clavulanate can overcome this resistance. 


© Treatment 


The goals of treatment in AOM are to relieve discomfort and to prevent 
infectious complications (Fig. 4.8). Evaluating the treatment of otitis 
media is complicated by the high rate of spontaneous resolution of the 
infection. Studies have shown that in children with AOM, up to 19% 
with S. pneumoniae and 48% with H. influenzae cultured on initial 
tympanocentesis would be culture negative within 1 week without 
antibacterial therapy. Despite M. catarrhalis resistance to amoxicillin, 
approximately 75% of children infected with that organism demon- 
strated cure when treated with amoxicillin. The emergence of drug- 
resistant S. pneumoniae strains and concerns about treating a disease 
with a high rate of spontaneous resolution has led to change in the 
recommended treatment for otitis media (see Fig. 4.8). 

Some authorities suggest withholding antibacterials in children 
with low risk for complications. In the Netherlands, antibacterial 
therapy is commonly delayed until 48-72 hours after the diagnosis, to 
determine whether there is spontaneous resolution of the infection. 
Notably, in countries in which conservative use of antibacterials is the 
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Child aged 2 mo through 12 A diagnosis of acute otitis media requires: 


yr with uncomplicated AOM 


presents to office 1) History of acute onset of signs and symptoms 


2) The presence of middle-ear effusion (MEE) 


2 
The clinician 3) Signs and symptoms of middle-ear inflammation 
assesses pain. 
a) moderate to severe bulging of the TM or new 
3 A onset of otorrhea not due to otitis externa 


Is pain No ree b) mild bulging of the TM and recent (<48 hr) 
present? onset of ear pain or intense TM erythema 


Yes A diagnosis of AOM should not be made in 


children without MEE. 


Clinician recommends 
treatment to reduce 
pain. 


Does the child 


Is observation an Amoxicillin at a dose of 


appropriate initial have fever ne 80-90 mg/kg/day is the 
treatment option?* =39°C and/or moderate initial antibacterial of 
or severe otalgia? choice for most children. 
Yes 11 
Child is observed for 48 to 
72 hr with assurance of 
appropriate follow-up. Child managed with 
appropriate 
8 antibacterial therapy. Criteria for antibacterial treatment or observation 
in children with nonsevere illness:* 
13 1) <6 mo: antibacterial treatment 
2) 6 mo to 2 yr: antibacterial treatment with cer- 
tain diagnosis or severe illness or observation with 


uncertain diagnosis and nonsevere illness 


3) 2 yr and older: antibacterial treatment if severe 
illness or observe with nonsevere illness with certain 
diagnosis; observation for uncertain diagnosis 


“Caregiver is informed and agrees to the option of 
observation. 

Caregiver is able to monitor child and return should 
condition worsen. 

Systems are in place for ready communication with 
the clinician, reevaluation, and obtaining medication 
if necessary. 


Did patient respond 


to initial treatment Clinician reassesses 
intervention (either and confirms 


antibacterial diagnosis of AOM. 
treatment or 
observation)? 


Is diagnosis Assess for other causes 
of AOM of illness and manage 


Patient follow-up confirmed? appropriately. 
as appropriate. 


Clinician should initiate 
antibacterial treatment for children Antibacterial choice 
initially managed with observation should be based on the 
or change antibacterial treatment likely pathogen(s) 
for patients initially managed with present and on clinical 
antibacterial therapy. experience. 


FIGURE 4.8 Management of acute otitis media (AOM). TM, tympanic membrane. (From Kerschner J, Preciado D. 
Otitis media. In: Kliegman R, ed. Nelson Textbook of Pediatrics. 20th ed. Philadelphia: Elsevier. 2015: 3093.) 
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standard, such as the Netherlands and Denmark, rates of acute mas- 
toiditis are slightly higher (1-2 episodes per 100,000 person-years) than 
in countries with higher rates of antibacterial use. With the 2013 AAP 
guidelines, the watchful waiting method has been recommended in 
certain populations of patients (Table 4.7). However, the key to obser- 
vation prior to antibacterial initiation is close follow-up for assessment 
of worsening symptoms or spontaneous resolution. Additionally, ade- 
quate analgesia, including acetaminophen and/or ibuprofen, should be 
provided during the observation period. While watchful waiting is 


appropriate for certain populations, the benefits of antibacterial treat- 
ment are most clearly seen in children younger than 2 years. 

When an antibacterial is used, efficacy against S. pneumoniae is the 
most important consideration. In addition, the clinician must consider 
the drug’s safety, convenience, palatability, and the cost of therapy. 
High-dose amoxicillin (80-90 mg/kg/day given in two divided doses) 
is the appropriate initial therapy for most cases (Table 4.8). Because 
otitis media is usually a self-limited illness, the use of broad-spectrum 
antibacterials for the initial treatment should be discouraged because 


TABLE 4.7 Recommendations for Initial Management for Uncomplicated Acute Otitis 


Media (AOM) 


Unilateral or Bilateral 


AOM With Severe 


Age Otorrhea With AOM 
6 mo to 2 yr 


Symptoms' 
Antibiotic therapy 


>2 yr Antibiotic therapy 


Antibiotic therapy 


Antibiotic therapy 


Bilateral AOM 
Without Otorrhea 


Antibiotic therapy 


Unilateral AOM 
Without Otorrhea 
Antibiotic therapy or 
additional observation 
Antibiotic therapy or 
additional observation 


Antibiotic therapy or 
additional observation’ 


*Applies only to children with well-documented AOM with high certainty of diagnosis (see Fig.4.8). 
"A toxic-appearing child, persistent otalgia more than 48 hr, temperature 239°C (102.2°F) in the past 48 hr, or if there is uncertain access to 


follow-up after the visit. 


‘This plan of initial management provides an opportunity for shared decision-making with the child's family for those categories appropriate for 
additional observation. If observation is offered, a mechanism must be in place to ensure follow-up and begin antibiotics if the child worsens or 


fails to improve within 48-72 hr of AOM onset. 


From Lieberthal A, Carroll A, Chonmaitree T, et al. The diagnosis and management of acute otitis media. Pediatrics. 2013;131:e976. 


TABLE 4.8 Recommended Antibacterials for (Initial or Delayed) Treatment and for Patients 


Who Have Failed Initial Antibacterial Treatment 


INITIAL IMMEDIATE OR DELAYED 
ANTIBIOTIC TREATMENT 


ANTIBIOTIC TREATMENT AFTER 48-72 hr OF FAILURE 
OF INITIAL ANTIBIOTIC TREATMENT 


Recommended First-Line 


Alternative Treatment (if 


Treatment Penicillin Allergy)' 
Amoxicillin (80-90 mg/kg per 


day in 2 divided doses) 


Cefdinir (14 mg/kg per day in 1 or 
2 doses) 


or Cefuroxime (30 mg/kg per day in 
2 divided doses 

Cefpodoxime (10 mg/kg per day 
in 2 divided doses) 


Amoxicillin-clavulanate* (90 mg/ 
kg per day of amoxicillin, with 
6.4 mg/kg per day of 
clavulanate [amoxicillin to 
clavulanate ratio, 14:1] in 2 
divided doses) 

Ceftriaxone (50 mg/kg per day IM 
or IV for 1 to 3 d) 


Recommended First-Line 

Treatment 

Amoxicillin-clavulanate” (90 mg/ 
kg per day of amoxicillin, with 
6.4 mg/kg per day of 
clavulanate in 2 divided doses) 


or 


Ceftriaxone (50 mg/kg per day 
IM or IV for 3 d) 


Alternative Treatment 


Ceftriaxone, 3 d, or Clindamycin 
(30-40 mg/kg per day in 3 
divided doses), with or without 
second- or third-generation 
cephalosporin 


Failure of second antibiotic 


Clindamycin (30-40 mg/kg per 
day in 3 divided doses) plus 
third-generation cephalosporin 


Tympanocentesis’ 


Consult specialist’ 


Doses of antibiotics in this table are from the AAP Clinical Practice Guideline for the Diagnosis and Management of Acute Otitis Media. 
*May be considered in patients who have received amoxicillin in the previous 30 days or who have the otitis-conjunctivitis syndrome. 
"Cefdinir, cefuroxime, cefpodoxime, and ceftriaxone are highly unlikely to be associated with cross-reactivity with penicillin allergy on the basis 


of their distinct chemical structures. 


‘Perform tympanocentesis/drainage if skilled in the procedure, or seek a consultation from an otolaryngologist for tympanocentesis/drainage. 


If the tympanocentesis reveals multidrug-resistant bacteria, seek an infectious disease specialist consultation. 


IM, intramuscular; IV, intravenous. 


From Lieberthal A, Carroll A, Chonmaitree T, et al. The diagnosis and management of acute otitis media. Pediatrics. 2014:133:347. 


of their high cost, the increased risk of adverse reactions, and the 
increased likelihood of the development of resistant strains. 

The dose of amoxicillin depends on the risk for the presence of 
drug-resistant pneumococci. Risk factors for drug resistance include 
age younger than 2 years, daycare attendance, recent antibacterial expo- 
sure, and cigarette smoke exposure. In addition, clinicians should 
consider resistance patterns within their own community. In penicillin- 
allergic patients, the cross-reactivity between penicillins and cephalo- 
sporins is likely lower than previously reported. Cephalosporins are 
therefore an alternative therapy option in patients without severe and/ 
or recent allergic reaction to penicillins (see Table 4.8). Clindamycin is 
not effective against H. influenzae, but may be effective against some 
penicillin-resistant strains of S. pneumoniae. Macrolides (i.e., erythro- 
mycin, azithromycin) are minimally effective against S. pneumoniae or 
H. influenzae and therefore not appropriate alternatives. 


Patients With Persistent Symptoms 


After 48-72 hours of antibacterial therapy, most patients are either 
asymptomatic or experiencing improvement. Many patients may have 
an active viral infection; whereas others may have a persistent inflam- 
matory reaction despite elimination of viable bacteria, both of which 
may be responsible for continued symptomatology. Studies are con- 
flicting regarding continued presence of bacteria in the middle ear of 
persistently symptomatic patients. Some studies report continuous 
bacterial presence while others report sterile bacterial cultures of 
middle ear fluid in up to 50% of patients with persistent symptoms. 
Therefore, in children with mild persistent symptoms, a clinician 
should consider analgesic-antipyretic medications for relief of symp- 
toms while addressing any issues of drug noncompliance, including 
palatability and dosing interval. In children with more severe, persis- 
tent signs of AOM without otologic improvement, a clinician should 
consider prescribing an alternative antibiotic effective against possible 
resistant S. pneumoniae and B-lactamase—producing H. influenzae and 
M. catarrhalis, such as amoxicillin-clavulanate (80-90 mg/kg/day of the 
amoxicillin component), cefuroxime axetil, or 3 days of intramuscular 
ceftriaxone (see Table 4.8). With the emergence of S. pneumoniae resis- 
tance, tympanocentesis with culture of middle ear effusion should be 
considered for bacteriologic diagnosis and susceptibility testing. 


Recurrent Acute Otitis Media 


Recurrent otitis media is defined as 3 episodes of AOM in a 6-month 
period or 4 episodes in a 12-month period with at least 1 episode in 
the preceding 6 months. Risk factors for recurrent AOM include: 
° onset of AOM in the first year of life, especially if the first episode 

is before the patient is 6 months of age 
° male gender 
° a sibling's history of recurrent AOM 
e cleft palate 
° craniofacial anomalies 
° trisomy 21 
° daycare attendance 
° household cigarette smoke exposure 
° human immunodeficiency virus infection 
° lack of breastfeeding 
e history of atopy/allergies 

Children with recurrent otitis media present a particular challenge 
with regard to treatment options. Long-term, low-dose antibacterial 
agents have been used as a method of prophylaxis in children with 
recurrent AOM in attempts to prevent additional episodes. While there 
is some evidence of decreased episodes of AOM, this only occurred 
while receiving the prophylactic antibacterial, without benefits 
after discontinuation of the antibacterial. Other studies have not 
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demonstrated a difference in recurrence of AOM among children with 
or without prophylactic antibacterials. Given the risks of emergence of 
antibacterial resistance, side effects of antibacterials, and cost of 
therapy weighed against the questionable benefits of long-term anti- 
bacterial use, prophylaxis is not recommended. 

The use of myringotomy and tympanostomy tube placement for 
the treatment of recurrent AOM or OME has remained controversial. 
While these procedures may decrease the number of episodes of acute 
otitis media and improve quality of life for children with recurrent 
AOM or OME, more stringent criteria are needed before determining 
the populations most likely to benefit. Additional considerations 
regarding cost of the procedure and the risks of surgery and anesthesia 
should be considered before recommendation for tympanostomy tube 
placement. Tympanostomy tubes are eventually extruded from the 
eardrum by the normal process of epithelial growth. Recurrent epi- 
sodes of otitis media may then resume. Long-term consequences of 
tympanostomy tubes include focal atrophy, tympanosclerosis, and 
chronic perforation at the site of tube insertion. 


OTITIS MEDIA WITH EFFUSION 


Otitis media with effusion, also known as “glue ear,” may occur after 
an acute episode of otitis media or because of eustachian tube obstruc- 
tion resulting from another cause (most commonly, URI). OME differs 
from AOM in that there is middle ear effusion present without signs 
or symptoms of acute infection (Fig. 4.9). The most common present- 
ing complaint with OME is decreased hearing. A middle ear fluid can 
persist for weeks after AOM. Two weeks after AOM, approximately 
75% of children will have persistent effusion. The percentage drops to 
50% at 1 month and 10%-25% at 3 months post-AOM. Because most 
cases of OME resolve without treatment, a period of observation is the 
most appropriate initial strategy. If effusion persists for 3 months or 
longer or any time language delay, learning difficulties, or significant 
hearing loss is suspected, hearing testing should be performed. 


FIGURE 4.9 Examples of normal tympanic membrane (A) and of mild 
bulging (B), moderate bulging (C), and severe bulging (D) of the tym- 
panic membrane from middle ear effusion. (From Kerschner J, Preciado 
D. Otitis media. In: Kliegman R, ed. Ne/son Textbook of Pediatrics. 20th 
ed. Philadelphia: Elsevier; 2015:3089.) 
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Medical therapy of OME has not been consistently successful. Anti- 
histamines, decongestants, and nonsteroidal antiinflammatory agents 
do not promote the resolution of middle ear effusion and should not 
be used. With systemic corticosteroids (prednisone), the effusion may 
resolve initially, but it recurs within a few weeks of steroid discontinu- 
ation. Additionally, the side effect profile of systemic steroids precludes 
its use in children with OME. Although bacteria may be present in 
some cases, antibacterial therapy has only a minimal effect on the reso- 
lution of effusion and does not demonstrate long-term benefit. A 
period of observation for 4-6 months is recommended before surgical 
intervention is considered. 

To assist the clinician in the diagnosis and management of OME, 
the American Academy of Pediatrics, American Academy of Family 
Physicians, and the American Academy of Otolaryngology-Head and 
Neck Surgery have developed a practice guideline for affected children 
between 2 months and 12 years. The guideline distinguishes between 
children with OME at risk for speech, language, or learning problems 
and children not at risk for such problems. The panel recommends 
documentation of laterality, duration, and severity of effusion with 
pneumatic otoscopy and confirmation of effusion by tympanometry 
when pneumatic otoscopy is inconclusive. The panel does not recom- 
mend decongestants, steroids, antihistamines, antibacterial agents, 
tonsillectomy alone, or adenoidectomy alone in the management of 
persistent OME. Based on the guidelines, the following children are 
candidates for surgical intervention: 

° children with OME persisting for greater than 4 months with asso- 
ciated persistent hearing loss 

° at-risk children with persistent OME regardless of hearing status 

° children with structural damage to the middle ear or tympanic 
membrane secondary to OME 

Tympanostomy tube placement is the recommended initial surgical 
intervention, with a mean 62% relative decrease in effusion and 
improvement in hearing loss by a mean of 6-12 dB. After tube extru- 
sion, up to 50% of children will have a relapse of OME. 


MASTOIDITIS 


Mastoiditis is a potentially serious acute or chronic suppurative com- 
plication of otitis media. Life-threatening complications of mastoiditis 
are related to intracranial extension of the suppurative process. 

Mastoiditis begins with the development of hyperemia and edema 
of the mastoid process. This progresses to a suppurative process 
that may produce demineralization and necrosis of bone, abscess for- 
mation, and contiguous spread to intracranial or other head and neck 
areas. Mastoiditis with periosteitis indicates that the infection has 
spread to the periosteum of the mastoid process and manifests most 
commonly in children younger than 2 years, although children of any 
age may be affected. Otalgia, posterior ear pain, fever, and otorrhea are 
frequent symptoms. Posterior auricular tenderness and erythema, 
anterior-inferior pinna protrusion, loss of the posterior auricular 
crease, middle ear effusion, a bulging or perforated tympanic mem- 
brane, and sagging of the posterior auditory canal wall are observable 
signs. Acute mastoid osteitis designates further spread of infection 
causing bony trabeculae destruction. Mastoiditis may result in trans- 
verse sinus thrombosis (Fig. 4.10). 

Petrositis occurs when the infection spreads medially to the petrous 
portion of the temporal bone and often manifests as eye pain second- 
ary to irritation of the ophthalmic branch of cranial nerve V (Fig. 
4.11). Gradenigo syndrome is the triad of ipsilateral orbital or facial 
pain, paralysis of the lateral rectus muscle, and suppurative otitis 


media. Rarely, the infection can spread externally to musculature of 
the neck resulting in a neck abscess (Bezold abscess). 

The pathogens responsible for mastoiditis are the same as those of 
AOM, including S. pneumoniae and H. influenzae, though Pseudomo- 
nas and group A streptococci are also causative agents. A CT scan is 
usually diagnostic and reveals various stages of mastoiditis: 

° mastoiditis with periosteitis 
° miastoiditis with osteitis with or without subperiosteal abscess 

Treatment is based on the stage of the process. High-dose intrave- 
nous antibacterials plus tympanostomy and myringotomy with or 
without tympanostomy tube placement are important therapeutic (for 
drainage) and diagnostic (for culture) procedures. Mastoidectomy is 
usually indicated for severe osteitis, mastoid abscess formation, and all 
intracranial suppurative complications. 


CHOLESTEATOMA 


Cholesteatomas are cyst-like growths of the middle ear or mastoid 
formed by keratinizing squamous epithelial cells (Fig. 4.12). They 
can be either congenital or acquired. Congenital cholesteatomas 
likely result from epithelial cells implanted during otologic develop- 
ment in utero. Acquired cholesteatomas are potential complications 
from chronic otitis media or secondary to a deep retraction pocket 
(or invagination) in the tympanic membrane. The condition can 
also develop after tympanostomy tube placement with an incidence 
of 0.8%-1.4%. Cholesteatomas can cause bony resorption by expan- 
sion, often to the mastoid, but occasionally intracranially with 
potentially life-threatening consequences. This condition should be 
suspected in children with history of chronic OM, persistent otor- 
rhea, and a tympanic membrane with a retraction pocket or per- 
foration with white debris overlying the area. Cholesteatomas 
commonly present over the superior portion of the tympanic mem- 
brane. Urgent otolaryngology consultation should be obtained as 
delay in treatment can result in intracranial extension, permanent 
hearing loss, facial nerve injury, and middle and inner ear 
destruction. 


INTRACRANIAL COMPLICATIONS 


Meningitis, epidural empyema, brain abscess, and sigmoid sinus 
thrombosis can develop as complications of acute or chronic ear or 
mastoid infection. If suspected, imaging of the head should be done 
prior to lumbar puncture to evaluate for hydrocephalus or mass effect. 
Meningitis most commonly results from hematogenous spread of the 
infection and is diagnosed by cerebrospinal fluid (CSF) analysis and 
culture. Tympanocentesis should be performed for bacterial culture to 
aid in diagnosis and management choices. Brain abscess can occur 
from direct extension of an acute or chronic otitis media or can 
develop adjacent to petrositis (Fig. 4.13). Clinical signs and symptoms 
should lead one to suspect this complication, and diagnosis can be 
made with CT or MRI. CSF for culture should be obtained to aid in 
directing therapy; however, culture may be negative depending on the 
location and loculation of the abscess. Lateral sinus thrombosis, also 
known as sigmoid sinus thrombosis, forms when infection from the 
adjacent mastoid contacts and penetrates the venous wall and forms a 
thrombus. Embolization of the thrombus can cause distal disease. 
These intracranial complications require broad-spectrum antibacter1- 
als and consultation with otolaryngology and neurosurgery for pos- 
sible surgical interventions. 
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FIGURE 4.10 Transverse sinus thrombosis associated with otomastoiditis or middle ear disease. A patient 
with otitis media, headache, and papilledema. Axial noncontrast (A) and contrast-enhanced (B) computed 
tomography (CT) of the head through the level of the posterior fossa, axial magnetization transfer T1 pre- 
contrast (C) and postcontrast (D) magnetic resonance imaging scans, coronal T2 (E) and coronal multiple 
intensity projection image from a three-dimensional time-of-flight magnetic resonance venogram (MRV) (F) 
were obtained. Note the dense appearance within the right transverse sinus on the noncontrast CT study 
(arrow in A), with corresponding lack of contrast filling on the postcontrast CT study (arrow in B). Correspond- 
ing T1 shortening is seen in the precontrast magnetic resonance image (arrow in C), with corresponding 
abnormal signal on the postcontrast images in keeping with clot or slow flow within the region of the right 
transverse sinus or sigmoid sinus (arrow in D). Corresponding T2 prolongation is seen on the coronal T2 
image (arrow in E). Note the striking asymmetry of flow within the right posterior fossa dural venous system 
or internal jugular vein on the right on the three-dimensional time-of-flight MRV (arrows in F). (From Coley 
BD, ed. Caffey’s Pediatric Diagnostic Imaging. 12th ed, Vol 1. Philadelphia: Elsevier; 2013:360.) 


FIGURE 4.11 Axial T2-weighted MRI showing left mastoiditis and petrous apicitis (arrows) as high signal 
in mastoid and petrous apex. (From Flint PW, Haughey BH, Lund VJ, et al, eds. Cummings Otolaryngology 
Head & Neck Surgery. 5th ed. Vol 2. Philadelphia: Elsevier; 2010.) 
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FIGURE 4.12 A retraction-pocket cholesteatoma of the posterosupe- 
rior quadrant. The incus long process is eroded, which leaves the drum 
adherent to the stapes head (S). An effusion is present in the middle 
ear, and squamous debris emanates from the attic. (From Isaacson G. 
Diagnosis of pediatric cholesteatoma. Pediatrics. 2007;120:603-608.) 


FIGURE 4.13 Coronal enhanced T1-weighted MRI of the patient 
showing enhancing tissue in left mastoid (white arrow) and temporal 
lobe abscess with enhancing capsule (black arrow). (From Flint PW, 
Haughey BH, Lund VJ, et al, eds. Cummings Otolaryngology Head & 
Neck Surgery. 5th ed. Vol 2. Philadelphia: Elsevier; 2010:1995.) 


A careful examination of the pinna, external auditory canal, and tym- 
panic membrane can identify most causes of ear pain. If findings are 
normal, the clinician should consider pain referred from another 
source (see Table 4.3). Because young children may have trouble local- 
izing their pain, clinicians should be highly suspicious of ear disease 
in any infant or preschool child with fever, irritability, or URI. 

Even though most conditions causing ear pain respond readily to 
therapy, the clinician must be aware of the following red flags associ- 
ated with these conditions: 
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° laterally displaced pinna (malignant otitis externa, mastoid 
osteitis) 

° mastoid tenderness (mastoid osteitis) 

° perforated tympanic membrane 

° a pearl-like tumor in the tympanic membrane (cholesteatoma) 

° subacute headache, meningismus, and altered mental status (brain 
abscess, subdural or epidural empyema) 
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Apparent Life Threatening Event-Brief Resolved 


Apparent life-threatening event (ALTE) is a term used to describe an 
acute, unexpected episode that consists of a change in an infants 
breathing, appearance, or behavior. It is a clinical description, rather 
than a specific diagnosis, and represents a wide variety of presentations 
with diverse underlying pathology. 


DEFINITION 


The current definition of ALTE was established at the 1986 National 
Institutes of Health Consensus Development Conference on Infantile 
Apnea and Home Monitoring (Table 5.1). ALTE was defined as “an 
episode that is frightening to the observer, that is characterized by some 
combination of apnea (central or occasionally obstructive), color 
change (usually cyanotic or pallid, but occasionally erythematous or 
plethoric), marked change in muscle tone (usually marked limpness), 
choking, or gagging.” 

The term ALTE was in part established to replace previously used 
labels, including “near-miss SIDS” or “aborted crib death,” which inap- 
propriately suggested a clear association between ALTEs and sudden 
infant death syndrome (SIDS). SIDS is defined as the sudden death of 
any infant or young child, which is unexplained by history and in which 
a thorough postmortem examination fails to demonstrate an adequate 
explanation of cause of death. Studies have failed to establish a clear 
association between ALTEs and SIDS. Although there are some overlap- 
ping risk factors between SIDS and ALTEs, they are separate entities. 
The vast majority of SIDS victims do not have a preceding ALTE. The 
American Academy of Pediatrics Task Force on SIDS is clear in its 
stance that there is no evidence that an ALTE is a precursor to SIDS. 

The subjectivity and vagueness of the current definition has made 
it difficult to standardize the care of these patients. In 2016 the Ameri- 
can Academy of Pediatrics (AAP) released a clinical practice guideline 
related to the care of these patients. This guideline includes a change 
in terminology to BRUE (brief resolved unexplained event), which is 
defined as an event lasting <1 min in an infant under one year of age 
that is associated with at least one of the following: cyanosis or pallor; 
absent, decreased, or irregular breathing; marked change in muscle 
tone (hypertonia or hypotonia); altered level of responsiveness in a 
patient who at the time of examination is otherwise well-appearing 
and back to baseline, and, on evaluation, has no condition that could 
explain the event. The guideline recommends limited interventions for 
patients designated as being at low risk for recurrence. Low-risk 
patients include those having their first event who are >60 days old, 
>32 weeks’ gestational age, 245 weeks postconceptional age, had an 
event lasting <1 minute and did not require cardiopulmonary resusci- 
tation, and who have no concerning historical or physical exam 
findings. 


Unexplained Event 


Amanda Rogers and Sandra Gage 


EPIDEMIOLOGY 


The exact incidence of ALTEs is unknown because the definition of an 
ALTE is subjective, and not all children with ALTEs present for evalu- 
ation. Reported figures may underestimate the true incidence of 
patients presenting with ALTEs since studies may not include those 
cases where the underlying cause is ultimately identified. The incidence 
is estimated to be between 0.46 and 2.46 per 1000 live births, account- 
ing for 0.6-1% of all emergency department visits by patients younger 
than 1 year and 2% of pediatric hospitalizations. Most occur in infants 
less than 1 year of age, with a peak incidence between 1 week and 3 
months. Occurrence is equal between males and females. The mortality 
rates reported to be associated with ALTEs vary widely depending on 
the definition used and the population studied. Due to the diversity of 
the potential underlying etiology of an ALTE, clinicians should be cau- 
tious in the application of these rates to the ALTE population as a 
whole (Table 5.2). 


ETIOLOGY 


Because ALTE is a descriptive category based on broad symptomatol- 
ogy, the differential diagnosis is large. Comorbid conditions are fre- 
quently identified, but it can be challenging to identify true causation. 
Thus caution must be used in implicating a specific diagnosis as the 
true cause of an ALTE. A suspected diagnosis is found in approximately 
50% of ALTEs. These diagnoses encompass a wide range of etiologies 
and systems. 

The most commonly cited diagnoses include gastroesophageal 
reflux (GER), seizures, and lower respiratory tract infections. However, 
numerous less common but potentially dangerous and/or treatable 
conditions can also present as an ALTE (see Table 5.2). These need to 
be carefully considered in order to provide prompt life saving or 
outcome-altering treatment. A thorough and thoughtful history and 
physical examination is extremely important in the evaluation of a 
patient with an ALTE, as it provides essential clues to help narrow the 
differential. It is often helpful to consider the differential diagnosis by 
a systems-based approach, considering both common and rare but 
concerning diagnoses in each category. Key systems-based historical 
and physical examination findings may help discriminate among pos- 
sible etiologies (Table 5.3). 


CLINICAL EVALUATION 
$ History 


The most important diagnostic tool in the evaluation of an ALTE is a 
thorough history elicited from the caretaker who observed the episode. 
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(See Nelson Textbook of Pediatrics, p. 2004.) 


SECTION 1 Respiratory Disorders 


TABLE 5.1 Definitions from the 


1986 National Institutes of Health 
Consensus Panel on Infantile Apnea 
and Home Monitoring 


Apparent life-threatening 
event (ALTE) 


An episode that is frightening to the observer 
and that is characterized by some 
combination of apnea (central or occasionally 
obstructive), color change (usually cyanotic or 
pallid but occasionally erythematous or 
plethoric), marked change in muscle tone 
(usually marked limpness), choking, or 
gagging 

Cessation of respiratory airflow which can be 
central (i.e., no respiratory effort), obstructive 
(usually due to upper airway obstruction), or 
mixed 


Pathologic apnea Apnea that is prolonged (20 sec) or associated 
with cyanosis; abrupt, marked pallor or 


hypotonia; or bradycardia 


Periodic breathing A breathing pattern in which there are three 
Or more respiratory pauses of >3 sec in 
duration with <20 sec of respiration between 


pauses 


Apnea of prematurity Periodic breathing with pathologic apnea in 
(AOP) a premature infant that usually ceases by 
37 wk of gestation but occasionally persists 
to several weeks past term 


Apnea of infancy (AOI) An unexplained episode of cessation of 
breathing for 20 sec or longer, or a shorter 
respiratory pause associated with 
bradycardia, cyanosis, pallor, and/or marked 
hypotonia in infants who are >37 wk of 


gestational age at onset of pathologic apnea 


Sudden infant death 
syndrome (SIDS) 


The sudden death of any infant or young child, 
which is unexplained by history and in which 
a thorough postmortem examination fails to 
demonstrate an adequate explanation of 
cause of death 


History taking should start with open-ended questions to obtain the 
story from the caretaker, followed by specific questions geared at char- 
acterizing certain key aspects of the episode. The history should focus 
on the activities and behaviors preceding the event, characteristics of 
the episode itself, interventions performed and their effect, and post- 
episode events and behavior. A comprehensive past medical history, 
social history, and family history should also be obtained for identify- 
ing clues that may aid in narrowing the focus of the investigation. 
Information essential to a complete history is outlined in Table 5.4. 
Key historical findings by system can be useful in narrowing the dif- 
ferential (see Table 5.3). 

The patient’s activities and behaviors immediately preceding the 
episode are important to consider and may provide clues to the 
diagnosis. Key associations include those with sleep, feeding, crying, 
cough, and emesis. The location and position of the child prior to the 
event should also be noted, such as placement in a car seat, on a soft 
or firm surface, prone or supine, and with or without surrounding 
blankets or pillows. 


Key characteristics of the actual event include respiratory effort, 
color change, change in tone or movements, level of alertness at onset 
and during the episode, duration of the event, and associated symp- 
toms such as choking or emesis. ALTEs often include alteration of 
respiration or perceived apnea. In these cases, the duration of respira- 
tory cessation aids in the determination of true pathologic apnea. 
Apnea is defined as cessation in breathing that is prolonged (>20 sec) 
or associated with cyanosis, marked pallor or hypotonia, or bradycar- 
dia. The degree of respiratory effort noted assists in differentiating 
central versus obstructive processes. Central apnea with no respiratory 
effort may suggest underlying neurologic, cardiac, metabolic, or infec- 
tious causes, while obstructive processes include GER, respiratory tract 
infections, foreign body, suffocation, or airway anatomic anomalies. If 
there is color change, providers should note not only the color itself 
(pale, red, cyanotic) but also the location, such as central cyanosis 
versus flushing or acrocyanosis. The latter two may be consistent with 
normal changes in perfusion. It is important to determine if tone was 
increased or decreased. If abnormal movements were identified, it 
should be noted if the movements were generalized or localized to a 
certain part of the body. The ability to suppress any abnormal move- 
ments should be documented, as this makes conditions such as seizure 
less likely. 

Any interventions performed, by whom, and the effects of the inter- 
ventions are also important to document. The need for resuscitation, 
especially when performed by health care providers, has been associ- 
ated with more severe and significant underlying etiologies. It can be 
beneficial to obtain a direct history from any emergency personnel who 
may have been involved with the case. 

Postepisode behavior should be carefully documented. Level of 
alertness following the event and time until return to normal behavior 
are of particular importance. 

Regarding past history, it is essential to note the birth history 
including gestational age, any prior similar episodes, preceding ill- 
nesses, and known medical conditions. Family history should also be 
obtained with a focus on the presence of ALTEs, SIDS, early deaths, 
metabolic, or neurologic disorders in first or second degree family 
members. Social factors to consider include a full list of caregivers, 
illness exposures, medications in the home, and exposure to smoke. 

Three major factors suggestive of risk for future adverse events and/ 
or a serious underlying diagnosis include prematurity, multiple ALTEs, 
and suspected child maltreatment. Prematurity is a frequently noted 
risk factor for an ALTE, perhaps due in part to the preterm infants’ 
immature respiratory centers, arousal mechanisms, and airway reflexes. 
A history of multiple ALTEs raises the concern for serious underlying 
pathology and progression of future events. With a history of multiple 
events over days to months, the concern for child maltreatment, sei- 
zures, intracranial pathology, and inborn errors of metabolism 
increases. Multiple events occurring over the course of the day of 
presentation escalate concern for serious infections and child maltreat- 
ment. Clinical suspicion of child maltreatment also increases the likeli- 
hood of future adverse events. A history of resuscitation attempt, 
cyanosis, and more than one ALTE in 24 hours are independent risk 
factors for the need for subsequent intensive care. 


® Physical Examination 


One of the diagnostic challenges of the evaluation of a child with an 
ALTE is that in a majority of cases the infant is well-appearing after 
the event. Infants should undergo a complete head-to-toe examination 
fully unclothed, including vital signs with pulse oximetry, growth 
parameters with head circumference, and complete ear, nose, throat, 
cardiac, respiratory, abdominal, neurologic, musculoskeletal, and skin 
examinations. 
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TABLE 5.2 Conditions That Can Cause Apparent Life-Threatening Events or Sudden 
Unexpected Infant Death 


Central Nervous System 
Arteriovenous malformation 


Subdural hematoma 

Seizures 

Congenital central hypoventilation® 
Neuromuscular disorders (Spinomuscular atrophy) 
Chiari crisis 

Leigh syndrome* 


Cardiac 
Subendocardial fibroelastosis™ 


Aortic stenosis 

Anomalous coronary artery 

Myocarditis 

Cardiomyopathy* 

Arrhythmias (prolonged Q-T syndrome, Wolff-Parkinson-White syndrome, 
and congenital heart block)* 


Pulmonary 
Nasal obstruction 


Pulmonary hypertension 

Vocal cord paralysis 

Aspiration 

Laryngotracheal obstructive diseases 


Gastrointestinal 
Diarrhea and/or dehydration 


Gastroesophageal reflux 
Volvulus 


Endocrine—Metabolic 
Congenital adrenal hyperplasia* 


Malignant hyperpyrexia™ 
Long- or medium-chain acyl coenzyme A deficiency” 


*May be seen with recurrences in siblings. 


Hyperammonemias (urea cycle enzyme deficiencies)* 
Glutaric aciduria* 

Carnitine deficiency (systemic or secondary) * 
Glycogen storage disease type |* 

Maple syrup urine disease* 

Congenital lactic acidosis 

Biotinidase deficiency" 


Infection 

Sepsis 

Meningitis 

Encephalitis 

Brain abscess 

Pyelonephritis 

Bronchiolitis (respiratory syncytial virus) 
Infant botulism 

Pertussis 


Trauma 
Child abuse* 


Accidental or intentional suffocation 
Physical trauma 
Factitious syndrome (formerly Munchausen syndrome) by proxy* 


Poisoning (Intentional or Unintentional) 
Boric acid 


Carbon monoxide 
salicylates 
Barbiturates 
Ipecac 

Cocaine 

Insulin 

Others 


Modified from Hunt CE, Hauck FR. Sudden infant death syndrome. In: Nelson Textbook of Pediatrics, 20th ed. Philadelphia: Elsevier; 2016:1999. 


Any abnormalities on the presenting examination may indicate 
various possible diagnoses and should prompt additional evaluation 
for the suggested etiology (see Table 5.3). Particular attention should 
be paid to the child’s general appearance for any dysmorphic features 
which might suggest an underlying genetic or metabolic syndrome. 
Abnormal growth parameters may identify failure to thrive, which can 
be suggestive of pathologic reflux, cardiac disease, or metabolic disor- 
ders. Signs of trauma, including retinal hemorrhages, unexplained 
bruising, or evidence of oral pharyngeal trauma (torn frenulum) sug- 
gestive of child maltreatment should also be noted. Abnormality of the 
neurologic examination should be fully assessed, with concern for 
intracranial bleed or mass requiring prompt attention. 


® Diagnostic Evaluation 

In approximately 20% of patients with an ALTE, the history and phys- 
ical examination alone yields the cause; in about 50% of patients, a 
likely diagnosis is suspected from the history and physical examination 


and is subsequently confirmed by diagnostic testing. Diagnostic testing 
alone yields an etiology in only about 15% of patients. When testing 
is performed, it is most successful when done in a focused and targeted 
manner geared toward diagnoses suggested by the history and physical 
examination. 

In the patient presenting with an ALTE, it is often difficult to 
determine the degree to which diagnostic work-up is indicated, espe- 
cially in well-appearing infants with a nonspecific history and physical 
examination. The most common laboratory tests performed include 
a complete blood count (CBC) and serum electrolytes, while the 
most common radiographic tests/procedures are chest radiograph and 
electrocardiogram (ECG). Although there are numerous evidence- 
based algorithms for the diagnostic evaluation of patients with an 
ALTE, there is no uniformly accepted approach that has been found 
to be beneficial in the evaluation of all patients. 

Well-appearing patients after ALTE, who have reassuring histories 
and normal examination findings at the time of presentation, require 
careful follow-up and may not require admission or additional 


TABLE 5.3 System-Based Approach to ALTEs/BRUEs 


Diagnostic 
Categories 
Gastrointestinal 


Infectious 


Neurologic 


Respiratory/ 
ENT 


Child 
maltreatment 


Cardiac 


SECTION 1 


Common and/or 
Concerning Causes 
to Consider 


GER 

Intussusception 

Volvulus 

swallowing abnormalities 


Upper and lower respiratory 
tract infection (RSV, 
pertussis, pneumonia) 

Bacteremia 

Meningitis 

Urinary tract infection 


Seizures 

Breath holding spells 

Congenital central 
hypoventilation syndrome 

Neuromuscular disorders 

Congenital malformations of 
the brain and brainstem 

Malignancy 

Intracranial hemorrhage 


Apnea of prematurity 
Apnea of infancy 
Periodic breathing 
Airway anomaly 
Aspiration 

Foreign body 
Obstructive sleep apnea 


Non-accidental head trauma 

Smothering 

Poisoning 

Factitious syndrome 
(formerly Munchausen 
syndrome) by proxy 


Dysrhythmia (prolonged QT 
syndrome, Wolff- 
Parkinson-White 
syndrome) 

Cardiomyopathy 

Congenital heart disease 

Myocarditis 


Respiratory Disorders 


Suggestive Historical 
Findings 


Coughing, vomiting, choking, gasping 


Feeding difficulties 
Recent preceding feed 
Irritability following feeds 
Milk in mouth/nose 
Bilious emesis 

Pulling legs to chest 
Bloody/mucousy stool 
Lethargy following event 


Preceding URI symptoms 

Multiple events on the day of 
presentation 

Sick exposures 

Foul-smelling urine 


Multiple events 

Loss of consciousness 

Change in tone 

Abnormal muscular movements 
Eye deviation 

Preceding triggers 


Prematurity 
Foreign body 
Aspiration 
Noisy breathing 


Multiple events 


Unexplained vomiting or irritability 


Recurrent ALT Es 
Historical discrepancies 


Family history of unexplained death, 


SIDS, or ALTEs 
Single witness of event 
Delay in seeking care 


Abrupt onset 
Feeding difficulties 
Failure to thrive 
Diaphoresis 
Prematurity 


Suggestive Physical 
Examination Findings 


Gastric contents in the nose 
and mouth 

Abdominal distention 

Abdominal tenderness 


Fever/hypothermia 
Lethargy 

III appearance 
Coryza 

Cough 

Wheeze 
Tachypnea 


Papilledema 

Abnormal muscular 
movements 

Hypertonicity or flaccidity 

Abnormal reflexes 

Micro- or macrocephaly 

Dysmorphic features 


Wheezing 
Stridor 
Crackles 
Rhonchi 
Tachypnea 


Bruising [especially in a 
non-mobile child) 

Ear trauma, hemotympanum 

Acute abdomen 

Painful extremities 

Oral bleeding/trauma 

Frenulum tears 

Unexplained irritability 

Retinal hemorrhages 

Depressed mental status 

Abnormal heart rate/rhythm 

Murmur 

Decreased femoral pulses 


Testing to Consider 


Upper GI to assess for 

anatomic anomalies 
Swallow evaluation 
Abdominal ultrasound 
pH probe 


NP swab for RSV, pertussis 

Chest radiograph 

CBC and Blood culture 

Cerebrospinal fluid analysis 
and culture 

Urinalysis and culture 


EEG 
Neuroimaging 


Chest radiograph 
Neck radiograph 
Laryngoscopy 
Bronchoscopy 
Esophagoscopy 
Polysomnography 


Skeletal survey 

Computed tomography of the 
head 

Dilated funduscopic 
examination 

Toxicology screen 


4 extremity blood pressure 

Pre- and post-ductal oxygen 
saturation measurements 

ECG 

Echocardiogram 

serum electrolytes, calcium, 
magnesium 
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TABLE 5.3 System-Based Approach to ALTEs/BRUEs—cont’d 


Common and/or 
Concerning Causes 
to Consider 

Inborn errors of metabolism 
Electrolyte abnormalities 
Genetic syndromes including 


Diagnostic 

Categories 

Metabolic/ 
genetic 


Findings 
Severe initial event 
Multiple events 


those with craniofacial 
malformations 


stress or fasting 
Developmental delay 
Associated anomalies 
Failure to thrive 


severe/frequent illnesses 


Family history of ALTE, 


Suggestive Historical 


Event associated with period of 


Suggestive Physical 
Examination Findings 
Dysmorphic features serum electrolytes; glucose, 
Microcephaly calcium, and magnesium 
Hepatomegaly levels 

Lactate 

Ammonia 

Pyruvate 

Urine organic and serum 

amino acids 
Newborn screen 


Testing to Consider 


consanguinity, seizure disorder, or 


SIDS 


ALTE, apparent life-threatening event; BRUE, brief resolved unexplained event; GER, gastroesophageal reflux; GI, gastrointestinal; RSV, 
respiratory syncytial virus; URI, upper respiratory infection; NP, nasopharyngeal; CBC, complete blood count; EEG, electroencephalogram; ENT, 
ear, nose, and throat; SIDS, sudden infant death syndrome; ECG, electrocardiogram. 


evaluation. However, any concerning historical or physical features 
require the need for further in-patient evaluation performed in a focused 
manner based on the clinical presentation and suspected diagnosis (see 
Table 5.3). 


DIFFERENTIAL DIAGNOSIS BY SYSTEM 
Gastrointestinal 


A variety of gastrointestinal (GI) etiologies can present as an ALTE, 
including GER, intussusception, and volvulus. 

GER is one of the most commonly cited comorbid conditions in 
patients presenting with an ALTE. Some infants will present with overt 
symptoms such as coughing, choking, and laryngospasm following 
regurgitation. Others can present without visible regurgitation but 
rather with posturing including arching of the back, torsion of the 
neck, and lifting up of the chin. This phenomenon, known as Sandifer 
syndrome, can be frightening to the observer and is often confused 
with seizure activity. Historical findings that should raise the index of 
suspicion for GER include a history of frequent reflux, the ALTE being 
immediately preceded by a feeding, poor weight gain, irritability fol- 
lowing a feed, or gastric contents noted in the infant’s nose or mouth 
during the episode. However, one must be careful when attributing an 
ALTE to GER. Approximately 50% of all normal infants less than 3 
months of age experience daily regurgitation, and temporal association 
does not necessarily equate with causation. Although GER may occa- 
sionally cause apneic episodes, it also occurs very commonly in most 
healthy infants without any sequelae. It is therefore important not to 
let a history of GER in an infant presenting with an ALTE preclude the 
consideration of other underlying causes. 

Although less common, additional GI pathology that can present 
with an ALTE include conditions such as intussusception or volvulus. 
Patients who present with these conditions will typically have addi- 
tional historical and examination findings to suggest their underlying 
etiology. Patients with intussusception can have sudden and severe 
abdominal pain, inconsolable crying, and drawing up of the legs to the 
abdomen. The classic presentation of intussusception is the triad of 
abdominal pain, a sausage-shaped abdominal mass, and currant-jelly 
stool. However, this classic triad is frequently not seen at presentation. 
Some infants present solely with lethargy or altered consciousness, and 
thus intussusception should be high on the differential for patients 
with an ALTE presenting in this manner. Similarly, infants with 


volvulus can present with sudden onset abdominal pain accompanied 
by emesis. Volvulus is a medical emergency, which can lead to bowel 
necrosis and death. As such, it should always be considered in patients 
with an ALTE and a suggestive clinical presentation. 

Most studies do not support routine testing for GER in patients 
presenting with an ALTE. Because there is a high prevalence of GER 
in infants, it is expected that a high number of these patients will have 
positive GER testing. When testing is considered, it is important to 
understand the utility of various modalities. Upper gastrointestinal 
fluoroscopy is frequently performed in patients presenting with an 
ALTE. Although this can be useful in identifying underlying anatomic 
anomalies that can lead to an ALTE, it should not be used to delineate 
GER as the cause for the event. This study frequently demonstrates 
regurgitation in normal infants, and a positive finding on the study 
does not necessarily indicate that GER was the cause of the inciting 
event. Although typically not indicated, if further GER testing is 
desired, esophageal pH analysis via a pH probe could be considered to 
help demonstrate a causal link by correlating low pH findings with 
documented apnea on concurrent cardiorespiratory monitoring (see 
Chapter 12). 


Infectious Disease 


Various infectious etiologies can present as an ALTE, ranging from 
common illnesses caused by respiratory viruses to less common, but 
serious infections such as bacteremia and meningitis. A history of 
multiple events on the day of presentation is associated with an infec- 
tious etiology. Additional historical clues include recent fever, irritabil- 
ity, altered level of arousal, cough, or coryza. Physical examination 
findings may confirm the suspicion of an infectious etiology, while 
hypothermia and ill appearance at presentation should lead to concern 
for more serious infectious etiologies. 

Viral respiratory infections are a leading cause of ALTEs. Apnea 
may be the presenting symptom of viral lower respiratory tract 
infections, with the telling symptoms of coryza and cough delayed by 
hours to days. In particular, pertussis and bronchiolitis caused 
by respiratory syncytial virus (RSV) are commonly reported condi- 
tions associated with apnea in young infants. Suspicion of respiratory 
infection must remain high, especially during peak respiratory illness 
periods, or if there is a history of recent exposure. Neonates with per- 
tussis may present with or develop few other symptoms, so a careful 
history of potential exposure is essential for early diagnosis. Although 


TABLE 5.4 


Preevent 
Condition of child 
Location of child 


Activity 


Event 
Respiratory effort 


Color 


Tone/movement 


Level of consciousness 
Duration 


Associated symptoms 


Post-Event 
Condition 


Interventions 
What was performed 


Who performed intervention 


Response to intervention 
Duration of intervention 


Medical History 
History of present illness 


Past medical history 


Feeding history 


Family history 


Social history 
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Important Historical Features 
of an ALTE-BRUE 


Awake vs asleep 

Prone vs supine, in crib/car seat, with 
pillows, blankets 

Feeding, crying 


None, shallow, gasping, increased 
Duration of respiratory pauses 


Pallor, red, cyanotic 
Peripheral, whole body, circumoral 


Rigid, tonic-clonic, decreased, floppy 

Focal vs diffuse 

Ability to suppress movements 

Alert, interactive, sleepy, nonresponsive 

Time until normal breathing, normal tone, 
normal behavior 

Detailed history of caregiver actions 
during event to aid in defining time 
course 

Vomiting, sputum production , blood in 
mouth/nose, eye rolling 


Back to baseline, sleepy, postictal, crying 
If altered after event, duration of time 
until back to baseline 


Gentle stimulation, blowing in face, 
mouth-to-mouth, cardiopulmonary 
resuscitation 


Medical professional vs caregiver 
Resolution of event vs self-resolving 
How long was intervention performed 


Preceding illnesses, fever, rash, irritability, 


sick contacts 


Prenatal exposures, gestational age, birth 
trauma 

Any medical problems, prior medical 
conditions, prior hospitalizations 

Developmental delay 

Medications 

Gagging, coughing with feeds, poor 
weight gain 

Neurologic problems 

Cardiac arrhythmias 

sudden death, childhood deaths, ALTEs 

Neonatal problems 

Consanguinity 

Home situation 

Caregivers 

smoke exposure 

Medications in the home 


ALTE, apparent life-threatening event; BRUE, brief resolved 


unexplained event. 


uncommon in infants, strong suspicion or the development of a 
staccato cough with posttussive emesis, or a classic “whoop,” should 
prompt treatment while waiting appropriate testing. 

Although the incidence of bacteremia or meningitis is low in 
patients presenting with an ALTE, the morbidity and mortality of these 
diagnoses are such that they should always be considered. A history of 
irritability and/or altered level of arousal may suggest a serious infec- 
tion. Paradoxical irritability (crying when held) suggests soft tissue or 
bone infection or a fracture. Examination findings of concern include 
ill appearance, fever, hypothermia, lethargy, nuchal rigidity, and poor 
peripheral perfusion. Prompt action is required for the evaluation and 
treatment of these infants. 

Urinary tract infections (UTIs) have also been shown to be a 
potential cause of ALTEs, with studies reporting a rate of 0-8%. The 
infection can lead to cardiorespiratory compromise, which can mani- 
fest as apnea, color change, altered levels of consciousness, or change 
in muscle tone. The majority of patients with UTIs significant enough 
to cause an ALTE will be ill-appearing at presentation. Therefore, most 
studies indicate that urinalysis and urine culture could be reserved for 
infants who are febrile, ill-appearing, or who have other clinical symp- 
toms consistent with a UTI. 


Neurologic 


Neurologic disorders that can lead to an ALTE include seizure, 
breath holding spells, congenital central hypoventilation syndrome 
(CCHS), metabolic encephalopathies, and brain or brainstem 
abnormalities. 

The most common neurologic disorder associated with ALTEs is 
seizure, with a rate of up to 25%. Factors that support the diagnosis 
of seizure include a history of loss of consciousness, poor tone, unre- 
sponsiveness, eye deviation, or rhythmic movements that are not able 
to be suppressed. A history of choking, while commonly reported 
among patients presenting with an ALTE in general, is typically absent 
in those presenting with seizure. Thus the lack of this historical fact 
should raise the suspicion for seizure in the differential. 

Breath holding spells have been reported to present to medical 
attention as an ALTE. These are typically divided into two types: cya- 
notic and pallid. In cyanotic breath holding spells, there is usually an 
emotional trigger such as anger or frustration. The infants cry, then 
become silent and hold their breath in expiration with subsequent 
cyanosis. This can then be followed by limpness and possible loss of 
consciousness. Pallid breath holding spells are less common and are 
typically triggered by pain or fright. The child may gasp, then lose 
consciousness and become pale, diaphoretic, and limp. This can be 
followed by a period of increased tone and clonic movements. To 
determine if an ALTE is consistent with a breath holding spell, it is 
important to obtain a stepwise history of the event, including any 
emotional or painful precipitant. 

CCHS is a rare but known cause of ALTEs. This is classically char- 
acterized by adequate ventilation while awake but hypoventilation 
while asleep, associated with normal respiratory rates and shallow 
breathing. In severe cases, patients with CCHS can present similarly to 
patients with cyanotic heart disease, with cyanosis, edema, and signs 
of right heart failure. However, in less severe cases, CCHS may present 
with tachycardia, diaphoresis, or cyanosis during sleep. 

Additional rare, but potentially life-threatening, neurologic disor- 
ders to consider include brain tumors, neuromuscular disorders, meta- 
bolic encephalopathies, and malformations of the brain and brainstem. 
Examiners should therefore pay particular attention to any focal weak- 
ness, cranial nerve abnormalities, or signs of increased intracranial 
pressure including papilledema and Cushing triad (bradycardia, respi- 
ratory irregularities, and hypertension). 


CHAPTER5 Apparent Life Threatening Event-Brief Resolved Unexplained Event 


Given the relatively high incidence of seizures in infants presenting 
with an ALTE, some diagnostic algorithms recommend electroenceph- 
alograms (EEGs) in the initial investigation. However, at only 15%, the 
sensitivity of EEGs in diagnosing future epilepsy is poor. Since infants 
presenting with an ALTE who go on to develop chronic epilepsy will 
likely have recurrent events, most experts recommend that EEGs be 
reserved for those patients with recurrent events or historical or physi- 
cal examination findings specifically concerning for seizures. In 
patients with suspected seizures, evaluation of serum electrolytes may 
also be beneficial to identify possible derangements including hypo- or 
hypernatremia, hypocalcemia, or hypoglycemia. If specific electrolyte 
abnormalities are identified, further work-up should be undertaken to 
determine underlying pathology. 

Neuroimaging is frequently obtained in patients presenting with an 
ALTE. Current evidence does not support routine neuroimaging for 
asymptomatic infants presenting with an ALTE given the low diagnos- 
tic yield, high cost, and radiation concerns. However, neuroimaging 
should always be considered in the infant with an abnormal neurologic 
examination or a clinical concern for seizure, child maltreatment, 
metabolic encephalopathies, or tumor to assess for intracranial mal- 
formation, bleeding, or mass. 


Airway/Pulmonary 


Infections of the upper and lower respiratory tract are common causes 
of ALTEs, but other respiratory etiologies have been cited as well. These 
include apnea of prematurity and infancy, periodic breathing, and 
airway abnormalities. 

The most common cause of apnea in preterm infants is apnea 
of prematurity. It occurs in virtually all infants born at less than 
28 weeks’ gestation, and the frequency is indirectly proportional to 
the gestational age. Apnea of prematurity is thought to be due to 
immature respiratory control in premature infants and typically pre- 
sents with either central or mixed (central and obstructive) apnea. 
It is a diagnosis of exclusion and should be considered only after 
other etiologies have been ruled out. The apneic events typically 
begin within the first week of life, and as such, symptom onset after 
that time should stimulate consideration of other causes. Apnea of 
prematurity typically resolves by 37 to 40 weeks’ postconceptual age 
in infants delivered at >28 weeks but can persist later in infants 
delivered prior to 28 weeks. 

Apnea of infancy (AOI) refers to apnea that develops in neonates 
older than 37 weeks’ postconception. The etiology is unknown. It is 
reserved for cases when a cause for an ALTE is not identified and is 
typically seen as a diagnosis of exclusion. 

Periodic breathing is a common entity that is often confused by 
parents for an ALTE. Periodic breathing is defined as three or more 
respiratory pauses of greater than 3 seconds’ duration within a 20 
second portion of the breathing cycle. Sometimes several pauses occur, 
one after the other, followed by a set of short rapid respirations before 
the respiratory rhythm is restored. Importantly, no associated change 
in color, tone, or heart rate and no prolonged respiratory pauses (>20 
seconds) are reported in association with periodic breathing. A clear 
history of the ALTE event is essential in differentiating true apnea from 
periodic breathing. Video of concerning events can prove very helpful. 
If determined to be periodic breathing, it is a benign entity and does 
not require any additional work-up or intervention. 

Less common respiratory etiologies to consider include anatomic 
airway abnormalities such as anomalies of the pharynx (adenotonsil- 
lar hypertrophy), the larynx (laryngomalacia, edema, subglottic 
ductal cyst, subglottic stenosis), or the trachea (tracheomalcia, 
aberrant innominate artery). A history of associated respiratory dis- 
tress, obstructive apnea, positional symptoms, or noisy breathing, or 


physical examination findings such as stridor should raise the index of 
suspicion for these otolaryngologic etiologies. Aspiration can also 
present as an ALTE and can be the result of a foreign body, neurologic 
abnormalities leading to swallowing dysfunction, or anatomic disor- 
ders such as cleft palate or tracheoesophageal fistula. 

Chest and neck radiographs can be beneficial in assessing for signs 
of airway abnormalities or radiopaque foreign bodies. If there is high 
concern for anatomic abnormalities, evaluation by direct laryngoscopy, 
bronchoscopy, and/or esophagoscopy could be considered. However, 
in patients who are well-appearing without clinical concern for airway 
anomalies, the yield for these tests is low. Polysomnography can be 
useful in differentiating between central versus obstructive processes. 


Child Maltreatment 


Child maltreatment should always be considered in infants presenting 
with an ALTE, especially given the detrimental consequences of missing 
the diagnosis. Possible etiologies include head trauma (direct injury or 
repetitive shaking), smothering, ingestions, and factitious syndrome 
(formerly Munchausen syndrome) by proxy. 

Concerning historical facts include unexplained vomiting or irrita- 
bility, recurrent ALTEs, historical discrepancies (history is confusing, 
varies among caregivers, changes over the course of the evaluation), or 
a family history of ALTEs, SIDS, or unexplained death. There is a 
higher rate of child maltreatment in infants presenting with more 
severe initial episodes and in those requiring resuscitation. 

Any bruising should be noted, especially in a nonambulatory 
infant. A careful ear, nose, and throat examination should be per- 
formed, noting any ear bruising, bleeding from the nose or mouth, or 
frenulum tears. A thorough neurologic examination is also essential, 
assessing for altered sensorium, fontanelle fullness, pupillary abnor- 
malities, or other focal neurologic findings. These findings should all 
raise suspicion for child maltreatment. However, it is also important 
to note that infants with child maltreatment may appear well on pre- 
sentation with no external signs of trauma; the absence of these find- 
ings does not rule out maltreatment as the cause for the ALTE. 

If there is clinical suspicion for child maltreatment, a skeletal 
survey, cranial/brain imaging, select laboratory studies, and a dilated 
funduscopic examination should be considered to assess for supportive 
findings. Video surveillance while the infant is hospitalized can also be 
considered in these cases. In addition, if there is concern for possible 
intentional or unintentional poisoning, a toxicology screen could be 
considered to identify the presence of medications that could cause the 
presenting symptoms. However, in patients without historical or physi- 
cal examination findings concerning for child maltreatment, the evi- 
dence does not support the routine use of any of these assessments. 


Cardiac 


Though relatively rare, with a reported rate of 0-2%, cardiac pathology 
can lead to an ALTE in a myriad of ways. Children with structurally 
normal hearts may experience an ALTE due to arrhythmias, cardiomy- 
opathy, and myocarditis. Those with structurally abnormal hearts, 
such as vascular anomalies, cyanotic heart disease, and left-sided 
obstruction may also present with an ALTE. A history of multiple and/ 
or escalating events over days to weeks, feeding difficulties, diaphoresis, 
failure to thrive, or a positive family history of cardiac disease should 
raise the index of suspicion for cardiac pathology. A complete cardiac 
examination should be performed, noting abnormalities that might 
suggest underlying cardiac pathology, such as irregular rhythms, 
decreased femoral pulses, or murmurs. 

Given the low rate of cardiac disease in patients presenting with an 
ALTE, routine echocardiograms are generally not useful in the initial 
work-up of these patients. ECGs may be a more useful screening tool, 
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as they are relatively easy to perform and are highly sensitive in iden- 
tifying cardiac abnormalities. Therefore ECG could be considered to 
help exclude cardiac etiologies in patients where this is a clinical 
concern. However, the examiner should note that there is a high 
false-positive rate for ECGs in these patients, which could lead to 
additional unnecessary testing. If arrhythmia is strongly suspected or 
identified, assessment for electrolyte disturbances, such as hypo- or 
hyperkalemia should be undertaken. 


Metabolic/Genetic 


ALTEs can be the initial presentation of various metabolic disorders 
including organic acidemias, urea cycle disorders, fatty acid oxidation 
disorders, and mitochondrial disorders. Similarly, an ALTE can be the 
presenting symptom of hypoglycemia and hypocalcemia. Although 
metabolic entities are rare, they can be progressive and life threatening 
and therefore should be considered in the differential for these patients. 

Clinical findings that may suggest an inborn error of metabolism 
include: recurrent or severe events, associated developmental delay, 
failure to thrive, or positive family history of seizure disorders, SIDS, 
or early infant deaths. Physical findings such as dysmorphic features 
should also be noted as these could suggest an underlying syndromic 
etiology. Disorders of the face and upper airway, such as cri du chat 
and Pierre Robin syndromes, can lead to obstructed respiratory 
patterns. 

Serum chemistries, while not necessarily diagnostic of an inborn 
error of metabolism, can be helpful in screening patients with potential 
metabolic abnormalities and should be considered in patients when 
this is a clinical concern. Serum glucose, bicarbonate, ammonia, lactate, 


TABLE 5.5 Red Flags in Infants Presenting 
with an ALTE-BRUE 


Prematurity 

Congenital anomalies or known syndromes 

Severe initial event 

Recurrent events 

Concern for child maltreatment 

Cyanosis 

Need for resuscitation, especially if performed by medical professional 
Family history of ALTE, SIDS, or unexplained death 

Abnormal physical examination findings at the time of presentation 
Dysmorphic features 

Hypothermia 

Lethargy 

Signs of trauma 


ALTE, apparent life-threatening event; BRUE, brief resolved 
unexplained event; SIDS, sudden infant death syndrome. 


and pyruvic acid levels are useful screening tests in these patients 
because abnormalities signal the possibility of metabolic disorders 
requiring additional evaluation. The newborn screen should also be 
reviewed to ensure no abnormalities were identified. If there is a high 
index of suspicion, it is prudent to repeat the newborn screen to ensure 


that the findings remain normal following the introduction of enteral 
feeds. 


A thorough history and physical examination is paramount in the 
evaluation of patients with an ALTE-BRUE. Concerning historical 
factors and physical examination findings, such as multiple ALTEs, 
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suspicion for child maltreatment, and requirement for resuscitation 
should prompt further evaluation (Table 5.5). 
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Dizziness is a common but very nonspecific chief complaint about 
which some elaboration by the patient is generally required for the 
physician to understand exactly what the patient is experiencing. The 
description of the sensation is critical in distinguishing whether it is 
caused by vertigo, disequilibrium, lightheadedness, presyncope, or 
even ataxia (Table 6.1). Although the differential diagnoses of these 
entities may overlap, there are conditions that are most specific to 
the individual symptom. All of the entities are conditions that may 
affect children at any age, but older children are more capable of 
articulating the abnormal sensation they feel. Children younger than 
6 years of age may present with nausea, vomiting, ataxia, or frank 
syncope. 

Syncope is the transient loss of consciousness and postural tone 
that results from inadequate cerebral perfusion. Syncope is a common 
phenomenon in children and adolescents that is usually benign. 
Between 20% and 35% of all young adults have had one episode of 
syncope. 

Presyncope is the feeling that the person is “about to pass out.” The 
patient feels as if he or she is going to lose consciousness but does not. 
Presyncope may or may not reflect the same pathophysiologic process 
as true syncope. The diagnostic approach to presyncope is the same as 
for syncope. 

Dizziness must be considered a change in mental status. It may 
potentially herald serious underlying central nervous system dysfunc- 
tion. Dizziness must be better defined to distinguish vertigo from 
lightheadedness. The principal distinction with vertigo is the descrip- 
tion of perceived motion: swaying, whirling, or spinning. Lighthead- 
edness is frequently associated with psychological stress, including 
anxiety, hyperventilation, depression, and panic attacks. The history 
surrounding episodes of lightheadedness is vital for formulating the 
differential diagnosis. 

Disequilibrium refers to “balance problems” without vertigo. The 
characteristic historical feature is difficulty ambulating. A rare com- 
plaint among children, disequilibrium in the young is most often 
caused by vestibular or cerebellar dysfunction and manifests as ataxia. 
Ataxia is an impairment of coordination, movement, and balance; this 
impairment is generally associated with dysfunction of the cerebellum 
or of the sensory and/or motor pathways connecting to the cerebellum. 
There are transient forms and progressive degenerative conditions that 
produce ataxia. 


syncope and Dizziness 


Gary Cohen 


SYNCOPE 


Syncope is a common phenomenon among children and adolescents. 
As many as 25% of children experience a syncopal event between 
the ages of 8 and 18 years. Before age 6 years, syncope is very 
unusual except in the setting of seizure disorders, breath-holding 
spells, and primary cardiac dysrhythmias. Syncopal episodes cause 
a large number of health care visits and a surprising number of 
admissions to hospitals. The differential diagnosis of syncope is noted 
in Tables 6.2 and 6.3; distinguishing features are noted in Tables 
6.4 and 6.5. 

The pathophysiologic mechanism of syncope follows a common 
pathway with many inciting stimuli. Cerebral perfusion is compro- 
mised by a transient decrease in cardiac output as a result of vasomotor 
changes, decreasing venous return, primary dysrhythmia, or impair- 
ment of cerebral vascular tone. Adolescents with syncope subjected to 
a head-up tilt-table test report blurred vision and constriction of visual 
fields before losing consciousness, as well as nausea, pallor, sweating, 
and dizziness, which are accompanied by hypotension (systolic blood 
pressure <60 mm Hg) and by bradycardia (heart rate <40 beats/min) 
with an occasional junctional rhythm and even asystole. Symptoms are 
relieved by returning to the supine position. Several situational factors 
can exacerbate this response, including warm temperature, a confined 
space such as being in a crowded room, anxiety or fear, sudden sur- 
prise, the sight of blood, pain, such as needle sticks or shots. Other 
situational factors include urination, swallowing, coughing, defecation, 
and hair combing. 

This response is caused by an imbalance of parasympathetic and 
sympathetic tone, which results in peripheral vasodilatation, including 
venodilation, but in no augmentation of venous return, because there 
is no accompanying increase in large skeletal muscle activity to 
augment systemic venous return and maintain cardiac filling. Subse- 
quent vagal output results in inappropriate bradycardia and further 
compromises cardiac output. The child faints and becomes supine, 
which restores systemic venous return. Awakening is accompanied by 
increased sympathetic output, which restores the heart rate. The 
episode tends to be brief but may recur if the patient is “helped up” 
too quickly. 

In obtaining the history of a syncopal episode, attention should be 
paid to the time of day, time of last meal, activities leading up to the 
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(See Nelson Textbook of Pediatrics, p. 514.) 
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TABLE 6.1 Syncope and Dizziness 


Vertigo 


Patient complaint “My head is spinning” 


“The room is whirling” “| feel faint” 


Presyncope 
“| feel | might pass out” 


Disequilibrium Lightheadedness 


“| feel dizzy” 
“| feel disconnected, drugged” 


“| feel unsteady” 
“My balance is off” 


“| feel like blacking out” 


Associated features Motion, swaying, 


spinning, nystagmus 


Situational 
Usual cause Vestibular disorders 


perfusion 


Peripheral (labyrinthine- 

cochlear) VS 
VS Cardiac syncope 
Central neurologic VS 


Key differential diagnoses 


disorder 


event, and associated symptoms (e.g., palpitations, racing heartbeat, 
chest pain, headache, shortness of breath, nausea, diaphoresis, visual 
changes, and hearing changes). Cataplexy may be confused with 
syncope and is characterized by partial or complete paralysis of skeletal 
muscles resulting in a rapid progression of weakness of the face and 
neck followed by the muscles of the trunk and extremities. The patient 
loses tone and may fall to the floor but remains awake and immobile 
for 1-2 minutes. Triggers include intense positive or negative emotions, 
such as laughing, frustration, fright, or anger. Details of the syncopal 
event, such as the patient’s position (syncope while supine suggests a 
cardiac arrhythmia) when symptoms appeared, duration of the 
episode, and characterization of the patient’s appearance during and 
immediately after the episode are also important. Almost without 
exception, by the time the patient presents to the office or emergency 
room, the physical examination findings are normal. Therefore, the 
history becomes the most important piece of information for develop- 
ing the differential diagnosis, diagnostic evaluation, and management 
plan. 


NEUROCARDIOGENIC SYNCOPE 


There are several causes of neurocardiogenic syncope. Excessive vagal 
tone may be primary or secondary to breath-holding, cough, (degluti- 
tion syncope), micturition or defecation, carotid sinus pressure sensi- 
tivity, and orthostasis. Neurocardiogenic syncope has been described 
in association with hair brushing, swallowing, stretching, orthodontic 
maneuvers, anomalies of the cervical spine, and dental trauma. Many 
of these episodes may actually be forms of carotid sinus sensitivity. 
Cough syncope probably is related to prolongation of high intratho- 
racic pressure that results in decreased venous return and subsequent 
decreased cardiac output. 

The prodromal history is very important in evaluating neurocar- 
diogenic syncope. In contrast, syncope without warning, while the 
patient is supine or during exercise implies a primary cardiac and usually 
more serious etiology; it is associated with greater morbidity and potential 
mortality (see Table 6.3). 

Neurocardiogenic syncope is a type of autonomic dysfunction that 
is also referred to as vasodepressor syncope, vasovagal syncope, and 
reflex syncope. Potential mechanisms include: 

1. The first response is primary bradycardia, sometimes to the extreme 
of sinus arrest or even brief asystole, with subsequent hypotension. 

This is known as the cardioinhibitory response. 


syncope: loss of postural 
tone, brief loss of 
consciousness 


Impaired cerebral 


Neurocardiogenic (vagal) 


Neuropsychiatric syncope 


Poor balance 
No vertigo or ataxia 


Anxiety, hyperventilation, 
paresthesias, respiratory 
alkalosis, panic attacks 


sensory and/or central 
neurologic dysfunction 


Anxiety and/or depressive 
disorders 


sensory deficit Anxiety/depression 
VS vs 
Central neurologic disease Hyperventilation 
vs 
Medication effects 


2. The second is a primary vasodepressor response that is character- 
ized by hypotension with the heart rate being relatively preserved. 

3. The third is mixed and is the most common response that features 
simultaneous hypotension and bradycardia. 

The common pathway producing the heart rate and blood pressure 
responses and cerebral hypoperfusion is the Bezold-Jarisch reflex 
(Fig. 6.1). For most children and adolescents, prodromal warning 
signs herald the impending syncopal episode and can, after the first 
episode, allow the child enough time to prevent fainting by sitting 
with the head between the knees or by lying supine. 

The physiologic mechanisms of neurocardiogenic syncope have 
been demonstrated with head-up tilt-table testing. Tilt-table testing 
can be performed with or without invasive blood pressure monitoring. 
The goal is to reproduce the patient’s symptoms under close monitor- 
ing. Various tilt angles and durations have been described, as has the 
use of isoproterenol as a provocative stimulus. 

If the history suggests the diagnosis of neurocardiogenic syncope 
with normal physical examination findings and a normal electrocar- 
diogram (ECG), treatment may be empirically started (Tables 6.6 and 
6.7). The first line of treatment is education and counseling. Most 
patients will eventually outgrow neurocardiogenic syncope. Patients 
should maintain hydration and increase dietary salt if there are not any 
contraindications. Patients should be counseled to avoid situations 
that precipitate an event and taught to abort an event by lying down. 

If the patient fails conservative therapies, pharmacologic treat- 
ments may be tried. Physicians have used fludrocortisone with 
increased salt intake, B-adrenergic blockers, and midodrine which has 
had promising results. None of these medications has demonstrated 
consistent benefit to treat neurocardiogenic syncope. 


ORTHOSTATIC SYNCOPE 


Conditions that produce hypotension (orthostatic or supine) fre- 
quently produce syncope or presyncope. Cardiac function and struc- 
ture are usually normal before the episode; during the predisposing 
illness, cardiac filling pressures are often reduced because of reduced 
venous return from hypovolemia or decreased peripheral vascular 
resistance (peripheral pooling of blood). Dehydration from diarrhea 
and vomiting, hyperthermia, hyperpyrexia, heat exhaustion, polyuria 
(diabetes mellitus) or poor intake from anorexia, together with the 
systemic effects of the primary illness, may produce orthostatic or true 
hypotension and syncope. In these conditions, dizziness, hypotension, 


TABLE 6.2 Noncardiac Causes of Syncope- 
Like Events 


Reflex Vasodepressor Syncope 
Neurocardiogenic (vasovagal) 

Emotion (seeing blood) 

Pain (needle phobia) 


Miscellaneous Situational Reflex 
Tussive 

sneeze 

Exercise/post-exercise 

Swallowing 

Stretching 

Defecation 

Micturition 

Valsalva (increased intrathoracic pressure) 
Breath holding spells 


Systemic Illness 
Hypoglycemia 

Anemia 

Infection 

Hypovolemia, dehydration 
Adrenal insufficiency 
Narcolepsy/cataplexy 
Pulmonary embolism 
Ruptured ectopic pregnancy 


Central Nervous System 

Seizure (atonic, absence, myoclonic-astatic) 
Stroke/transient ischemic attack 
Subarachnoid hemorrhage 


Dysautonomia 

Basilar Artery Migraine 
Drug Effects 

B-Blocking agents 
Vasodilating agents 

Opiates 

sedatives 

Drugs prolonging QT interval 
Diuretics 

Anticonvulsant agents 
Antihistamines 
Antidepressant agents 
Anxiolytic agents 

Drugs of abuse 

Insulin, oral hypoglycemic agents 
Carbon monoxide 


Other Etiologies 
Carotid sinus sensitivity 
subclavian steal 

Panic attack/anxiety 
Conversion disorder 


From Van Hare GF. Syncope. In: Kliegman RM, Stanton BF, St. Geme 
JW Ill, Schor NF, eds. Nelson Textbook of Pediatrics. 20th ed. 
Philadelphia: Elsevier; 2016:514. 
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TABLE 6.3 Causes of Cardiovascular 
Syncope: Potentially Fatal if Unrecognized 


1. Arrhythmias 
A. Bradyarrhythmias 
a. Sinus node dysfunction (especially in patients with congenital heart 
defects) 
b. AV block (congenital or acquired) 
c. Kearns-Sayre syndrome 
d. Pacemaker malfunction 
B. Tachyarrhythmias 
a. Supraventricular 
1. Wolff-Parkinson-White syndrome 
2. Supraventricular tachycardia/atrial arrhythmias (especially in 
patients with congenital heart defects) 
b. Ventricular: ventricular tachycardia/torsades/ventricular fibrillation 
1. Channelopathies 
a. Long QT syndrome 
b. Catecholaminergic polymorphic ventricular tachycardia 
c. Brugada syndrome 
d. Short QT syndrome 
2. Drug induced 
3. Idiopathic 
a. Ventricular fibrillation 
b. Outflow tract 
2. Structural/functional heart disease 
A. Cardiomyopathy 
a. Hypertrophic cardiomyopathy 
b. Dilated cardiomyopathy 
c. Arrythmogenic right ventricular dysplasia 
. Coronary anomalies 
a. Anomalous origin 
lb. Kawasaki disease 
. Valvar aortic mitral or pulmonary stenosis 
. Arrhythmogenic right ventricular dysplasia 
. Acute myocarditis 
. Congenital heart disease (repaired and unrepaired) 
. Pulmonary hypertension, pulmonary embolus 
. Aortic dissection (Marfan syndrome) 
. Cardiac masses 
. Eisenmenger syndrome 


SE (@) an Inn) Oe 


From MacNeill E, Vashist S. Approach to syncope and altered mental 
status. Pediatr Clin N Am. 2013;60:1083-1106. 


or syncope occurs rapidly when the patient assumes an upright posi- 
tion (seconds). Prolonged bed rest, combined with poor fluid intake 
during an illness, may also result in syncope or presyncope when the 
child arises to leave the bed. In most of these situations, fluid admin- 
istration is sufficient to restore intravascular volume and venous return 
to alleviate postural or supine hypotension. 


POSTURAL ORTHOSTATIC TACHYCARDIA 
SYNDROME (POTS) 


Postural orthostatic tachycardia syndrome is characterized by recur- 
rent and chronic symptoms of orthostatic intolerance, exercise 
intolerance, light headedness, fatigue, sweating, tremor, anxiety, and 
presyncope when upright. The syndrome may be secondary to auto- 
nomic dysfunction. Symptoms are improved with lying down. Criteria 
to diagnose POTS include symptoms that have lasted greater than 6 
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(See Nelson Textbook of Pediatrics, p. 516.) 
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TABLE 6.4 Clinical Features Suggesting 
Specific Causes of Syncope 


Diagnostic Consideration 


Neurocardiogenic 

symptoms after prolonged motionless standing, sudden unexpected 
pain, fear, or unpleasant sight, sound, or smell 

Syncope in a well-trained athlete after exertion (without heart disease) 

Situational syncope during or immediately after micturition, cough, 
swallowing, or defecation 

Syncope with throat or facial pain (glossopharyngeal or trigeminal 
neuralgia) 


Organic Heart Disease (e.g., Coronary Artery Disease, 
Aortic Stenosis, Primary Arrhythmia, Obstructive 
Hypertrophic Cardiomyopathy, Pulmonary Hypertension) 
Brief loss of consciousness, no prodrome, history of heart disease 
syncope with exertion 
Family history of sudden death 


Neurologic 
Seizures: confusion for >5 min after regaining consciousness 
Transient ischemic attack, subclavian steal, basilar migraine: syncope 
associated with vertigo, dysarthria, diplopia, arm exercise 
Migraine: syncope associated with antecedent headaches 


Other Vascular 
Carotid sinus: syncope with head rotation or pressure on the carotid 
sinus (as in tumors, shaving, tight collars) 
Orthostatic hypotension: syncope immediately on standing 
subclavian steal or aortic dissection: differences in blood pressure or 
pulse between the two arms 


Drug Induced 
Patient is taking a medication that may lead to long QT syndrome, 
orthostasis, or bradycardia 


Psychiatric Illness 
Frequent syncope, somatic complaints, no heart disease 


Moditied from Kapoor WN. Syncope. N Engl J Med. 
2000;343:1856-1862. 


months, heart rate that increases by at least 40 beats/min, if <18 years 
or 30 beats/min if >18 years, after assuming a standing from supine 
position for at least 10 minutes, symptoms worsen with standing and 
improve with recumbence, and the absence of other overt causes of 
orthostatic intolerance. 

A detailed history of orthostatic intolerance may identify symp- 
toms of headache, fatigue, sleep disorder, weakness, hyperventilation, 
shaking, sweating, anxiety, dizziness, and presyncope. An evaluation 
for POTS may include a complete blood count, glucose, electrolytes, 
and thyroid function. Cardiac evaluation should include an ECG. A 
tilt-table test may be helpful to demonstrate the effects of orthostatic 
stress (increased heart rate). 

There is no specific treatment for POTS. Medications that may 
aggravate symptoms of POTS should be avoided including antihyper- 
tensive agents, sedatives, and many other psychiatric medications. 
Patients should avoid aggravating factors, such as dehydration, extreme 
heat, and alcohol. Nonpharmacologic treatment includes aerobic exer- 
cise, compressive stockings, and increased fluid and salt intake. Phar- 
macologic treatment should be tailored to the variant the patient 
exhibits. 


TABLE 6.5 Comparison of Clinical 
Features of Syncope and Seizures 


Features 
Relation to posture 
Time of day 
Precipitating factors 


Skin color 

Diaphoresis 

Aura or premonitory 
symptoms 

Convulsion 


Other abnormal 
movements 


Injury 


Urinary 
incontinence 


Tongue biting 


Postictal confusion 

Postictal headache 

Focal neurologic 
Signs 

Cardiovascular 
Signs 

Abnormal findings 
on EEG 


Syncope 
Common 

Diurnal 

Emotion, injury, pain, 


crowds, heat, exercise, 


fear, dehydration, 


coughing, micturition 


Pallor 
Common 
Long 


Rare, brief 
Minor twitching 


Rare 
Rare 


No 


No 
No 


Common (cardiac 
syncope) 

Rare (generalized 
slowing may occur 
during the event) 


Seizures 
No 
Diurnal or nocturnal 


Sleep loss, drug/ 
alcohol withdrawal 


Cyanosis or normal 
Rare 
Brief 


Common 
Rhythmic jerks 


Common (with 
convulsive seizures) 


Common 


Can occur with 
convulsive seizures 


Common 
Common 
Occasional 


No 


Common 


From Bruni J. Episodic impairment of consciousness. In: Daroff RB, 
Jankovic JM, Mazziotta JC, Pomeroy SL, eds. Bradley's Neurology in 
Clinical Practice. 7th ed. Philadelphia: Elsevier; 2016:9. 
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FIGURE 6.1 Tilt-table testing: the Bezold-Jarisch reflex. BP, blood 
pressure; HR, heart rate; LVEDV, left ventricular end-diastolic volume. 


TABLE 6.6 Nonpharmacologic Treatment 
of Neurocardiogenic Syncope 


Education, counseling, and reassurance 
Avoid precipitating or triggering factors 
Increase water and salt Intake 

e 1.5-2.5 L of water daily 

e Atleast 2-5 g of salt daily 

Isometric counter-pressure maneuvers 
e Leg crossing 

e Buttock tensing 

e Squatting 

Head-up sleeping 

Abdominal binders, thigh-high or below knee elastic compression 
stockings (20-30 mm Hg pressure) 
Psychological counseling 


From Moodley M. Clinical approach to syncope in children. Sem 
Pediatr Neurol. 2013;20:12-17. 


TABLE 6.7 Pharmacologic Treatment of 
Neurocardiogenic Syncope 


B-Adrenergic Antagonists 
Atenolol 1-2 mg/kg/day 

Esmolol 

Metoprolol 1-2 mg/kg/day 
Nadolol 

Propranolol 0.5-4 mg/kg/day 


a-Adrenergic Agonists 
Ephedrine 

Methylphenidate 5-10 mg tid 
Midodrine 2.5-10 mg tid 
Pseudoephedrine 60 mg bid 


Anticholinergics 
Disopyramide 10-15 mg/kg/day 
Hyoscine 

Propantheline 

scopolamine 


Selective Serotonin Receptor Reuptake Inhibitors 
Fluoxetine 10-20 mg/day 
sertraline 25-50 mg/day 


Mineralocorticoids 
Fludrocortisone 0.1-0.3 mg/day 


From Moodley M. Clinical approach to syncope in children. 
Sem Pediatr Neurol. 2013;20:12-17. 


CARDIAC SYNCOPE/SUDDEN CARDIAC DEATH 


A variety of cardiac conditions can result in hypotension and syncope 
(Tables 6.8 and 6.9; see Table 6.3). Dysrhythmias are common and are 
usually silent between episodes (see Table 6.8). Supraventricular tachy- 
cardia, ventricular tachycardia, and heart block are the most common 
types of dysrhythmia and may be primary or may result from medica- 
tions or illicit drugs. Any form of acquired heart block carries a high 
mortality rate (Fig. 6.2). A common cause of acquired heart block is 
Lyme disease. Heart block may necessitate temporary or permanent 
electronic pacing to maintain cardiac output. 
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Lead Il 


FIGURE 6.2 Congenital complete atrioventricular (AV) block. The ven- 
tricular rate is regular at 53 beats/min. The atrial rate is somewhat 
variable, from 65-95 beats/min, and completely dissociated from the 
ventricle. The QRS morphology is normal, which is common in congeni- 
tal complete AV block. (From Van Hare GF. AV block. In: Kliegman RM, 
Stanton BF, St. Geme Ill JW, Schor NF, eds. Nelson Textbook of Pedi- 
atrics. 20th ed. Philadelphia: Elsevier; 2016:2260.) 


Primary cardiac conduction abnormalities that may result in 
syncope include Wolff-Parkinson-White syndrome, long QT syn- 
dromes, and catecholamine-sensitive ventricular tachycardia. Wolfe- 
Parkinson-White syndrome is characterized by a short PR interval, 
preexcitation seen as a widened QRS duration and a delta wave on the 
proximal portion of the QRS. The delta wave represents the presence 
of accessory electrical tissue from atria to ventricle, with rapid ante- 
grade conduction causing excitation of ventricular tissue before atrio- 
ventricular node—His bundle stimulation. If that pathway can conduct 
in the retrograde manner, a reentrant circuit is created, causing a 
narrow QRS complex tachycardia. This greatly shortens the diastolic 
ventricular filling time and results in diminished left ventricular end- 
diastolic volume, with subsequently decreased stroke volume and 
decreased cardiac output. Although the tachycardia is rarely suffi- 
ciently fast to result in syncope, some children have profound hypoten- 
sion and a rapid loss of consciousness. In adults, a similar mechanism 
results from atrial flutter or fibrillation if the ventricular response rate 
is fast. 

Long QT syndromes are inherited (usually autosomal dominant) 
abnormalities in the electrical recovery (repolarization) of the heart 
(Fig. 6.3). Prolongation of the repolarization phase results in the risk 
of simultaneous depolarization, the “R-on-T” phenomenon, which 
causes disorganized ventricular electrical stimulation characterized by 
torsades de pointes (coarse ventricular tachycardia), a potentially 
lethal dysrhythmia (Fig. 6.4). There may be a family history of sudden 
cardiac death. Family studies with the same mutation have demon- 
strated that affected patients may not always have a long QT interval 
on ECG as defined for the syndrome, but an increased QT interval may 
become evident with exercise or during catecholamine infusion. Long 
QT syndromes may be responsible for some of the incidents of sudden 
infant death syndrome and drowning. Although additional genetic 
forms have been described, most mutations for prolonged QT involve 
either a sodium channel or potassium channel (Table 6.10). Genotype 
may predict the patient’s presentation with LQT1 events associated 
with stress, while LQT3 may be associated with sleep. Long QT syn- 
dromes may present as a syncopal episode, seizures, palpitations, or 
presyncope. Diagnosing long QT is based on clinical history and ECG 
findings of a prolonged rate-corrected QT interval. Genetic testing may 
identify approximately 75% of patients. Acquired prolongation of the 
QT interval may also be seen in electrolyte abnormalities (hyperkale- 
mia) and with a variety of medications (Table 6.11). A drug history 
and toxicology screen may be warranted if there is any question of QT 
prolongation. 

Patients who have undergone corrective or palliative surgery for 
congenital cardiac disease are at risk for both early and late onset 
dysrhythmias that might result in syncope. Sinus node disease 
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(See Nelson Textbook of Pediatrics, p. 2261.) 
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TABLE 6.8 Primary Electrical Abnormalities: Features Electrocardiogram, and Treatment 


Primary Electrical 

Abnormalities 

LOTS: Romano-Ward, 
Jervell—Lange- 
Nielsen, acquired 


Brugada syndrome 


Wolff-Parkinson White 


Dilated cardiomyopathy: 
ventricular 
tachycardia/fibrillation 


Catecholamine-exercise: 
ventricular tachycardia 


Features 


Familial genetic disorder 

lon channel mutations 

Presents in torsades de pointes 

Romano-Ward is MC inherited 
LORS 

Jervell-Lange-Nielsen has 
congenital deafness 


Inherited autosomal dominant 
arrhythmogenic syndrome 
characterized by life-threatening 
ventricular arrhythmias 

Genetic mutations in SCN5A and 
13 other genes 


Owing to =1 reentrant pathways 
inducing SVT or atrial fibrillation 

Up to 14% associated with 
malignant tachycardias 

Malignant arrhythmias from short 
reentrant pathway repolarization 
or multiple pathways 


Cardiac dilation and systolic 
dysfunction 

Inherited or acquired 

Lamin AC gene mutations a 
common cause of DCM and SCD 


Ventricular ectopy induced by 
exercise or emotional stress 

Mutation in gene that encodes 
Ca-mediated sarcoplasmic fibers 

Lethal in 30-50% if left untreated 


ECG 


Prolonged QT measured from the onset of the Q 
wave to the end of the T wave in lead Il 
Varies with heart rate but >0.44 in men, >0.46 in 


children and women for HR 50-90/min is prolonged 


Torsades de pointes can occur 
Can deteriorate from polymorphic ventricular 
tachycardia to ventricular fibrillation 


ECG abnormalities are from repolarization and 
depolarization abnormalities 

Coved-type ST segment elevations in the right 
precordial leads 

J wave amplitude >2 mm followed by a negative 
T wave 


Short PR interval 
Delta waves present 


Marked LVH 

Poor R wave progression 
Left atrial enlargement 
Right axis deviation 


Pre-exercise ECG is usually normal, stress testing 
recommended 

ECG with exercise 

Nonsustained wide ventricular tachycardia 


Treatment 


B Blocker therapy 
Recommendations on exercise 
intensity by a cardiologist 

ICD if B blockers fail 


Placement of ICD 


Undergo EPT and ablation 


Permanent pacemaker and 
ICD placement 


B Blocker therapy 
Recommendations on exercise 
intensity by a cardiologist 

ICD if B blockers fail 


DCM, dilated cardiomyopathy; ECG, electrocardiograph; EPT, electrophysiologic testing; HR, heart rate; ICD, implantable cardioverter defibrillator; 
LOTS, long QT syndrome; LVH, left ventricular hypertrophy; MC, most common; SCD, sudden cardiac death; SVT, supraventricular tachycardia. 
From Ellison S. Sudden cardiac death in adolescents. Prim Care Clin Office Pract. 2015;42:57-76. 
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FIGURE 6.3 An electrocardiogram showing a OT interval of 640 milliseconds in a patient with LOT1 syn- 
drome, with the terminal portion of the T wave merging with the P wave. (From Garan H. Ventricular 
arrhythmias. In: Goldman L, Schafer Al, eds. Goldman-Cecil Medicine. 25th ed. Philadelphia: Elsevier; 
2016:373.) 
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TABLE 6.9 Potential Causes of Sudden Death in Infants, Children, and Adolescents 


SIDS and SIDS “Mimics” 

SIDS 

Long OT syndromes* 

Inborn errors of metabolism 

Child abuse 

Myocarditis 

Ductal-dependent congenital heart disease 


Corrected or Unoperated Congenital Heart Disease 
Aortic stenosis 

Tetralogy of Fallot 

Transposition of great vessels (postoperative atrial switch) 

Mitral valve prolapse 

Hypoplastic left-heart syndrome 

Eisenmenger syndrome 


Coronary Arterial Disease 
Anomalous origin 

Anomalous tract (tunneled) 
Kawasaki disease 

Periarteritis 

Arterial dissection 

Marfan syndrome (rupture of aorta) 
Myocardial infarction 


Myocardial Disease 

Myocarditis 

Hypertrophic cardiomyopathy* 

Dilated cardiomyopathy 

Arrhythmogenic right ventricular dysplasia 
Lyme carditis 


*Common. 
SIDS, sudden infant death syndrome. 


Conduction System Abnormality/Arrhythmia 
Long OT syndromes* 

Brugada syndrome 

Proarrhythmic drugs 

Preexcitation syndromes 

Heart block 

Commotio cordis 

Idiopathic ventricular fibrillation 

Arrhythmogenic right ventricular dysplasia 
Catecholaminergic polymorphic ventricular tachycardia 
Heart tumor (myxoma, rhabdomyoma) 


Miscellaneous 

Pulmonary hypertension 

Pulmonary embolism 

Heat stroke 

Cocaine and other stimulant drugs or medications 
Anorexia nervosa 

Electrolyte disturbances 


From Van Hare GF. Sudden death. In: Kliegman RM, Stanton BF, St. Geme JW IIl, Schor NF, eds. Nelson Textbook of Pediatrics. 20th ed. 


Philadelphia: Elsevier; 2016:2262. 


FIGURE 6.4 Episode of torsades de pointes in a patient with long OT 
syndrome. (From Van Hare GF. Sudden Death. In: Kliegman RM, 
Stanton BF, St. Geme JW Ill, Schor NF eds. Nelson Textbook of Pedi- 
atrics. 20th ed. Philadelphia, Elsevier; 2016:2262.) 


(in patients undergoing atrial surgery) may result in tachycardia- 
bradycardia episodes that can be associated with hypotension. Ven- 
tricular dysrhythmias are particularly common after repair of tetralogy 
of Fallot, double-outlet right ventricle, truncus arteriosus, and pulmo- 
nary atresia involving right ventriculotomy with subsequent ventricu- 
lar scar formation. 

Uncorrected structural heart disease is a relatively rare cause of a 
sudden decrease in cardiac output. However, hypertrophic cardiomy- 
opathies can result in obstruction of left ventricular outflow with 
resultant high transmural pressure and secondary cardiac ischemia, 


which can be fatal. This type of obstruction is exacerbated by high 
sympathetic tone, which causes increased contractility and is a fre- 
quent mechanism of syncope associated with exercise in competitive 
athletes. The presence of an outflow tract murmur in the setting of 
syncope, especially if there is a positive family history, warrants evalu- 
ation with both electrocardiography and echocardiography. Any condi- 
tion that impedes left ventricular outflow (valvular aortic stenosis or 
subaortic stenosis), left ventricular inflow or filling (mitral stenosis or 
pericardial tamponade), or blood flow through the pulmonary vascu- 
lature (primary or secondary pulmonary hypertension) may also result 
in syncope. In almost all cases, characteristic physical findings lead the 
clinician to the diagnosis. Pulmonary hypertension may be associated 
with cyanosis, in which case there is cerebral hypoxia resulting from 
right-to-left shunting, as well as decreased left ventricular output 
resulting from poor transpulmonary flow and decreased left ventricu- 
lar filling. 

Other rare causes of cardiac syncope are thoracic masses and 
intracardiac tumors or masses, coronary artery abnormalities, and 
inflammatory cardiac diseases (myocarditis). Masses or tumors, such 
as myxomas, fibromas, and rhabdomyomas, tend to produce parox- 
ysmal symptoms, which are often associated with position changes, 
especially from the recumbent position. Coronary artery anomalies 
are usually not accompanied by signs of ischemia. Rather, the most 
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TABLE 6.10 


lon Current 
Affected 


Chromosome Gene Protein 


LOTS Type 
[15155 


7935-36 


KCNQ1 
KCNH2 


KvLOT1 (Kv7.1) 
HERG (Kv11.1) 


324-21 
Aq24-27 


SCN5A Nav1.5 
ANK2 Ankyrin-B 
21922 KCNE1 Mink 
21922 KCNE2 MiRP1 
17923 KCNJ2 Kir2.1 


ns; CACNA1C 
329.3 CAV3 
110233 SCN4B 
7q21-22 AKAP9 
ACM 2 SNTA1 oyntrophin &1 
11q24 KCNJ5 Kir3.4 


Cav1.2 
Caveolin-3 
NaVB4 
Yotiao 


Inherited Channel Mutations in Long QT Syndromes 


Special Features/ 


Trigger Occurrence 


42-54% 
35-45% 


Exercise (swimming), emotion 


Rest, emotion, exercise (acoustic, 
postpartum), surprise (sudden loud noise) 

Rest, sleep, emotion 1.7-8%; high lethality 

Exercise <1% 

Exercise, emotion <1% 

Rest, exercise <1% 


Rest, exercise Periodic paralysis, 


dysmorphic feature 
Exercise, emotion Rare, syndactyly 
Nonexertional, sleep Rare 
<0.1% 


Poorly characterized <1% 


Exercise, postpartum 


Poorly characterized <1% 
Poorly characterized <1% 


From Morita H, Wu J, Zipes DP. The OT syndromes: Long and short. Lancet. 2008;372:750-762. 


TABLE 6.11 Drugs That Prolong the QT 
Interval and Produce Torsades de Pointes 


Drugs Commonly 


Involved Other Drugs 


Disopyramide Amiodarone 
Dofetilide 
lbutilide 


Procainamide 


Arsenic trioxide 

Cisapride 

Calcium channel blockers: lidoflazine (not 
marketed in the United States) 

Quinidine 


Antiinfective agents: clarithromycin, 
erythromycin, halofantrine, pentamidine, 
quinoline-class antibiotics 


sotalol Antiemetic agents: domperidone, droperidol 


Bepridil Antipsychotic agents: chlorpromazine, 
halperidol, mesoridazine, thioridazine, 
pimozide 


Methadone 


From Roden D. Drug-induced prolongation of the OT interval. N Engl 
J Med. 2004;350:1013-1022. 


common manifestation is syncope or sudden cardiac death from 
compression of the anomalous left main coronary artery as it courses 
between the pulmonary outflow and the aortic root (Fig. 6.5). This 
usually occurs in a competitive athlete whose hypertrophied heart 
responds to catecholamine stimulation during activity and inadver- 
tently compresses the anomalous coronary artery. Inflammatory con- 
ditions, such as heart block associated with Lyme disease and 
ventricular tachycardia associated with myocarditis or pericarditis, 
predispose to dysrhythmias. 

Cardiac syncopal episodes can be accompanied by brief tonic- 
clonic seizure activity known as Stokes-Adams syndrome. The seizure 
activity appears 10-20 seconds after the onset of asystole and is usually 


of short duration with no subsequent postictal phase. This may 
explain why many children with cardiac syncope frequently see a 
neurologist. 

Sudden cardiac death is discussed with cardiac causes of syncope 
because cardiac causes of syncope may also produce sudden death (see 
Table 6.3). Sudden cardiac arrest or death is defined as the abrupt and 
unexpected loss of heart function. Structural causes include valvular 
aortic stenosis, coronary artery anomalies, cardiomyopathies, and 
myocarditis. Cardiac arrhythmias associated with sudden death include 
Wolff-Parkinson-White syndrome and prolonged QT syndrome. A less 
common cause is commotio cordis resulting from non-penetrating 
blunt trauma to the chest. Warning events or symptoms may not 
always be evident prior to sudden cardiac death; if it presents, patients 
may complain of episodes of dizziness, lightheadedness, presyncope, 
syncope, dyspnea, or palpitations. Other relevant history may include 
fatigue, unexplained seizure, or chest pain. It is important for the 
physician to perform a detailed history and physical examination to 
look for warning signs of cardiovascular disease in the patient and 
family (Table 6.12). Key elements of the physical examination should 
include measurement of blood pressure, a complete cardiovascular 
exam with attention to heart rate, rhythm, murmurs, pulses, and signs 
of Marfan syndrome. 


NEUROLOGIC CAUSES OF 
SYNCOPE-LIKE EPISODES 


Primary neurologic causes of syncope are more unusual in otherwise 
healthy children and adolescents than in adults. Seizures must be con- 
sidered if there is a history of an aural prodrome, focal or generalized 
tonic-clonic activity, and a prolonged postictal phase of lethargy or 
confusion (see Tables 6.4 and 6.5). Prolonged post-event lethargy is 
unusual with more common causes of syncope if the vital signs have 
returned to normal. Seizures are a common cause of loss of conscious- 
ness in the recumbent patient. Seizures are often accompanied by 
tachycardia and normal or elevated blood pressure. A premonitory 
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LAD 


Normal Anomalous left 
coronary coronary from the 
anatomy right between the 


great arteries 
FIGURE 6.5 Coronary artery anomalies associated with sudden cardiac death. Ant, anterior; Ao, aorta; L, 


left; LAD, left anterior descending coronary artery; LCCA, left circumflex coronary artery; PA, pulmonary 
artery; Post, posterior; R, right; RCA, right coronary artery. 


TABLE 6.12 Pediatric Sudden Cardiac Death Risk Assessment 


Patient History Questions: 

Tell Me About Any of These in Your Child... Yes or No 

Has your child fainted or passed out during or after exercise, emotion, or startle? 

Has your child ever had extreme shortness of breath and/or discomfort, pain, or pressure in his or her chest during exercise? 

Has your child had extreme fatigue associated with exercise (different from other children)? 

Has a doctor ever ordered a test for your child's heart? 

Has your child ever been diagnosed with an unexplained seizure disorder? Or exercise-induced asthma not well controlled with medication? 


Family History Questions: 
Tell Me About Any of These in Your Family... 
Are there any family members who had a sudden, unexpected, unexplained death before the age of 50 (including SIDS, car crash, drowning, others) or near- 
drowning? 
Are there any family members who died suddenly of “heart problems” before the age of 50? 
Are there any family members who have had unexplained fainting or seizures? 
Are there any relatives with certain conditions, such as: 
Enlarged heart: hypertrophic cardiomyopathy 
Dilated cardiomyopathy 
Heart rhythm problems: Long QT syndrome 
short QT syndrome 
Brugada syndrome 
Catecholaminergic ventricular tachycardia 
Arrhythmogenic right ventricular cardiomyopathy 
Marfan syndrome (aortic rupture) 
Heart attack, age 50 or younger 
Pacemaker or implanted defibrillator 
Deaf at birth (congenital deafness) 


Please Explain More About Any “Yes” Answers. 


*Ask these questions (or have parents complete for your review) at periodic times during well-child visits (neonatal, preschool, before or during 
middle school, and before or during high school). 
From Campell R, Berger S, Ackerman M, et al. Policy statement pediatric sudden cardiac arrest. AAP Pediatr. 2012:e1094-e1102. 
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aura may herald vertebrobasilar vascular spasm, which appears to 
occur when syncope is with basilar type migraines. There may be a 
history of unilateral visual changes; the loss of consciousness usually 
has a somewhat longer onset and duration. The patient frequently 
complains of headache after regaining consciousness. Basilar type 
migraine or migraine affecting the vertebrobasilar circulation can 
cause dizziness, vertigo, ataxia, confusion, and headache. There is often 
a positive family history of migraines. 


METABOLIC CAUSES OF SYNCOPE 


Hypoglycemia should always be included as a cause of syncope, but it 
is rare in children and adolescents except in patients with insulin- 
dependent diabetes or inborn errors of glucose or glycogen metabo- 
lism (see Chapter 44). With hypoglycemia, the patient feels weak, 
hungry, sweaty, agitated, confused, and eventually experiences altered 
mental status. Onset is gradual, and the patient remains hemodynami- 
cally stable, although tachycardia may be evident. Ingestion of oral 
hypoglycemic agents may exceed the body’s normal glucose homeosta- 
sis, resulting in hypoglycemia. 


PSYCHIATRIC CAUSES OF SYNCOPE 


Patients with a history of panic attacks may become syncopal second- 
ary to hyperventilation. The mechanism is not completely understood, 
but may involve the reaction of cerebral blood flow in response to 
hypocapnia and respiratory alkalosis. Tetany or paresthesias may be 
present in some patients. The history of the episode is critical and 
witnesses are especially helpful. The patient frequently relates a feeling 
of suffocation, smothering, shortness of breath, or chest tightness. In 
retrospect, the patient may also admit to numbness and tingling of the 
extremities and visual changes. Hyperventilation and hypocapnia may 
be detected during a tilt-table test by measuring end-tidal CO}. 

A psychiatric cause of syncope (or pseudosyncope) is a diagnosis 
of exclusion. The patient is usually an adolescent and frequently has 
episodes in the presence of an audience. The patient is unusually calm 
in describing the episodes and relates details that may indicate no loss 
of consciousness. During the episode, there are no associated hemo- 
dynamic changes and no pallor, sweating, or respiratory changes. Typi- 
cally, the patient falls gracefully and gently without injury. The key is 
to define what secondary gain the patient attains through the factitious 
disorder. 


EVALUATION OF THE SYNCOPAL CHILD 
$ History 


The history of the event is the critical information for most patients 
(see Table 6.4). A detailed account of what the patient felt immediately 
before losing consciousness, what the patient was doing, what the 
posture or position was, how the patient looked, how long the episode 
lasted and associated signs or symptoms direct the diagnostic work-up. 
A thorough and detailed family history is necessary to discover risk for 
sudden death, dysrhythmia, heart disease, seizures, and metabolic dis- 
orders. The medication history, including over the counter, prescribed, 
and illicit drugs, as well as any accessible medication of other family 
members should be gathered. 


$ Physical Examination 


Any person who has a syncopal episode should undergo a thorough 
physical examination, with special attention to the cardiovascular and 
neurologic systems. The examination should include obtaining vital 
signs with the patient supine and after standing for 5-10 minutes. 


Upon careful auscultation, the presence of an outflow tract murmur 
radiating to the neck, an abnormally loud second heart sound, or the 
presence of a long decrescendo diastolic murmur at the apex leads to 
more involved diagnostic testing. In most cases, patients with a history 
of syncope have normal physical findings at the time of the 
examination. 


® Diagnostic Tests 


Because the child or adolescent who has had a syncopal episode is often 
evaluated hours or days after the episode, testing serum glucose, and 
electrolytes or urine toxicology screening is usually of no value. All 
patients presenting with syncope need an ECG (Fig. 6.6). The ECG 
should be inspected for the rhythm, with special attention to non-sinus 
rhythms and bradycardia. Measurements of the intervals should be 
performed manually regardless of any preprogrammed measurements 
printed on the ECG. Abnormalities of the PR, QRS, or QT/corrected 
QT (QTc) interval imply an underlying conduction abnormality. The 
P wave, QRS, and T wave amplitudes may indicate chamber enlarge- 
ment or hypertrophy, each of which carries an increased risk for dys- 
rhythmia. In the patient who also has a history of palpitations 
associated with syncope, long-term cardiac monitoring, with or 
without a subsequent patient-activated cardiac event recorder monitor, 
may help capture the cardiac rhythm when the patient is symptomatic. 
If a heart murmur is appreciated, if there is a family history of sudden 
death or cardiomyopathy, or if the ECG is at all questionable, a cardiol- 
ogy consultation should be obtained, and two-dimensional, Doppler, 
and color-flow echocardiography should be performed. If the syncopal 
event is associated with exercise, echocardiography is critical; if the 
results are normal, a graded treadmill exercise stress test should be 
performed with full ECG and blood pressure monitoring. Patients with 
primary dysrhythmias may require cardiac catheterization and electro- 
physiologic testing. 

Patients exhibiting prolonged loss of consciousness, seizure activity, 
and a postictal phase of lethargy or confusion should be referred for 
neurologic consultation and electroencephalography. Without this 
history, the reported positive yield of electroencephalography is less 
than 1 in 300 studies. Likewise, neuroimaging studies generally have 
an exceptionally low yield in the absence of abnormality upon physical 
examination (see Fig. 6.6). 


SUMMARY AND RED FLAGS 


Hypotension, both supine and orthostatic, is a major red flag, as are 
associated palpitations, exertional symptoms, or chest pain (Tables 
6.13 and 6.14); participation in gym class or sports must be restricted 
until a complete diagnostic work-up is completed. Additional red flags 
include syncope while supine, a positive family history, prolonged loss 
of consciousness, prolonged seizures, prolonged postevent neurologic 
signs, and abrupt onset with no prodrome. Laboratory tests, except for 
the ECG which is mandatory, are generally of limited value unless 
guided by pertinent findings in the history and physical examination. 
The ECG allows screening for Wolfe-Parkinson-White syndrome, 
heart block, and long QT syndrome as well as hypertrophic cardiomy- 
opathies and myocarditis. The most common identifiable etiology in 
an otherwise healthy child or adolescent is neurocardiogenic syncope, 
usually a benign and transient condition. 


VERTIGO 


The characteristic description of vertigo is the illusion of motion 
usually described as spinning or whirling. The perception of motion 
may be internal (“My head is [or eyes are] spinning”) or external (“The 
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(See Nelson Textbook of Pediatrics, p. 3069.) 


SYNCOPE 


Perform H and P 


Perform ECG, orthostatic 


BPs + urine HCG in 
adolescent girls 


Abnormal Normal 
ECG results 


Signs or symptoms 
suggestive of 
cardiac etiology 


Refer to cardiology 
for further evaluation 


Positive 
HCG 


Pregnancy Arrhythmias 

Wolff-Parkinson-White 

syndrome 

Long QT syndromes 

Brugada syndrome 
Obstructive lesions 

Aortic stenosis 

Pulmonic stenosis 
Hypertrophic cardiomyopathy 
Coronary artery anomalies 

(congenital, Kawasaki) 
Other causes of myocardial 

ischemia/infarction 
Myocarditis/other 

myocardial dysfunction 
Pulmonary hypertension 
Intracardiac mass or tumor 


Seizure disorder 
Brain tumor 
Migraine 


NO 


Suspect neurologic Orthostatic 
disorder hypotension 
YES N 
Obtain EEG, 
neurology consult 
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Abnormal 


orthostatic 
blood pressures 


O 


Recurrent episodes 
(>2 to 3) 
YES NO 


Refer to cardiology 
for consideration of 
tilt test, other 
evaluation 


Vasovagal (postural reflex, 
neurally mediated) 
Situational syncope 
Cough 
Micturition 
Defecation 


Vasovagal (postural reflex, 
neurally mediated) 


Situational syncope 
Cough 
Micturition 
Defecation 


Hair grooming 
Stretching 
Orthostatic hypotension 
Hypovolemia 
Related to medications 
Postural orthostatic 
tachycardia syndrome 


Hair grooming 
Stretching 
Orthostatic hypotension 
Hypovolemia 
Related to medications 
Postural orthostatic 
tachycardia syndrome 
Breath-holding spells 
Hysteria/conversion 
Metabolic (hypoglycemia, 
electrolyte disorders) 
Anemia 
Hyperventilation 
Pregnancy 
Anorexia nervosa 


Subclavian steal syndrome Carbon monoxide poisoning 


FIGURE 6.6 Syncope algorithm. BP, blood pressure; ECG, electrocardiography; EEG, electroencephalogra- 
phy; H, history; HCG, human chorionic gonadotropin; P, physical examination. (From Pomeranz A, Sabnis S, 
Busey SL, Kliegman RM, eds. Pediatric Decision-Making Strategies. Philadelphia: Elsevier; 2016:59.) 


room is spinning or moving”). The sensation is usually rotatory, but it 
can be linear (“It feels like the swaying of a boat”). 

Obtaining an accurate description from younger children is diffi- 
cult. Using terms that the child may understand such as “sliding” or 
“swinging” may be helpful. The patient’s description is critical although 
potentially vague; further questioning may lead to the rather discrete 
differential diagnosis of vertigo. 

The presence of associated symptoms may help locate the pathol- 
ogy to a central or peripheral cause of vertigo (Tables 6.15, 6.16, and 
6.17). Fortunately, peripheral causes of vertigo are more common. 
Spontaneous nystagmus and abnormal head positions are symptoms 


associated more with peripheral causes of vertigo along with nausea, 
vomiting, sweating, faintness, and fright. Peripheral vertigo results in 
stimulation of the autonomic nervous system with resultant intense 
nausea, vomiting, pallor, and diaphoresis. If the dizziness occurs with 
abrupt changes in the position of the head, peripheral causes of vertigo 
should be suspected. Peripheral vertigo can be caused by the following: 
middle ear infections, paroxysmal positional vertigo, labyrinthitis, ves- 
tibular neuronitis, Méniére disease, or trauma (see Table 6.16). 
Patients suffering from acute ongoing peripheral vertigo appear 
very ill and very uncomfortable. Because middle ear infection can 
cause peripheral vertigo, some children seen with otitis media and 
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TABLE 6.13 


Syncope with activity or exercise or supine 

Syncope not associated with prolonged standing 

Syncope precipitated by loud noise or extreme emotion 

Absence of presyncope or lightheadedness 

Family history of syncope, drowning, sudden death, familial ventriclar 
arrhythmia syndromes, cardiomyopathy 

Syncope requiring CPR 

Injury with syncope 

Anemia 

Other cardiac symptoms 

Chest pain 

Dyspnea 
Palpitations 


“Red Flags” in the Evaluation of Patients with Syncope 


History of cardiac surgery 
History of Kawasaki disease 
Implanted pacemaker 
Abnormal physical examination 
Murmur 
Gallop rhythm 
Loud and single second heart sound 
systolic click 
Increased apical impulse (tachycardia) 
Irregular rhythm 
Hypo- or hypertension 
Clubbing 
Cyanosis 


From Van Hare GF. Syncope. In: Kliegman RM, Stanton BF, St. Geme JW Ill, Schor NF, eds. Nelson Textbook of Pediatrics. 20th ed. 


Philadelphia: Elsevier; 2016:515. 


TABLE 6.14 Summary of Clinical Recommendations for Transient Loss of Consciousness 


Topic Recommendations 


Initial assessment Detailed history, especially from witnesses 
Full clinical examination 


12-lead ECG 


Uncomplicated faints Suggestive features include: 


Posture: occurrence during prolonged standing or previous similar episodes avoided by lying down 
Provoking factors, such as pain or a medical procedure 

Prodromal symptoms, such as sweating or feeling warm or hot before TLoC 

Further investigation and specialist referral are not needed. 


Epilepsy 


Suggestive features are a bitten tongue; head turning to one side during TLoC; no memory of abnormal behavior that occurred 


before, during, or after TLoC; unusual posturing; prolonged limb jerking; confusion after the event; or prodromal déja vu or 


jamais vu. 


If features of epilepsy are present, arrange for early review by an epilepsy specialist. 

Do not arrange for EEG before neurologic assessment. 

Note that brief seizure-like activity often occurs during syncope, including uncomplicated faints. 

Do not suspect epilepsy unless suggestive features are present. Arrange for cardiovascular assessment if the cause of TLoC is 


unclear. 
Urgent specialist referral 


Further cardiovascular 


assessment disease, or cardiac arrhythmia. 


Give immediate treatment for clinically urgent problems (such as complete AV block or severe bleeding). 
Arrange for urgent specialist cardiovascular assessment for patients at risk for a severe adverse event (such as those with long 
QT interval, cardiac arrhythmia, or structural heart disease). 


Focus on specific disorders that may cause TLoC, such as orthostatic hypotension, the carotid sinus syndrome, structural heart 


Assessment should include repeated history, clinical examination, and 12-lead ECG. 

For suspected cardiac arrhythmia or unexplained TLoC, use ambulatory ECG for further assessment: 
Very frequent episodes: use 24- to 48-hr Holter monitoring. 

Moderately frequent episodes: use external event monitoring. 

Infrequent episodes: use an implantable event recorder. 


AV, atrioventricular; ECG, electrocardiography; EEG, electroencephalogram; TLoC, transient loss of consciousness. 
Modified from Cooper PN, et al. Synopsis of the National Institute for Health and Clinical Excellence Guideline for management of transient loss 


of consciousness. Ann Intern Med. 2011:155:543-549. 


vomiting may in fact have peripheral vertigo and secondary 
vomiting. 

A more indolent course, change in consciousness or behavior or 
seizures may indicate a central origin of vertigo (see Table 6.17). 
Underlying causes of central vestibular dysfunction include acute vas- 
cular ischemic or thromboembolic events, acute demyelinating dis- 
eases, pharmacologic vertigo (alcohol, barbiturates, benzodiazepines), 
more indolent causes, including tumors of the brainstem or cerebel- 
lum and chronic demyelinating diseases or trauma (see Table 6.17). 


EVALUATION OF THE PATIENT WITH VERTIGO 
$ History 


A careful, detailed description of the prodrome and the actual symp- 
toms, including timing, duration, associated symptoms, preceding 
infections (especially of the upper respiratory tract, such as otitis 
media or sinusitis), medications, and a history of trauma must be 
documented. A past, personal, or family history of vertigo or any other 
neurologic condition is important. 
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TABLE 6.15 Differences Between Peripheral and Central Vestibular Dysfunctions 


Central 
Often mild 


Symptom/Sign Peripheral 


Marked 
Nausea and vomiting common 


Severity of vertigo 


Bilateral or unilateral 

Bidirectional or unidirectional 

May be vertical 

Usually no change with visual fixation 


Bilateral 

Unidirectional 

Rotatory/horizontal 

Never vertical 

Fast phase usually opposite to side of lesion 
Improves with visual fixation 

Begins within 2-10 seconds 


Nystagmus 


Begins immediately 


Fatigues with time 
Habituates 


Direction of environmental spin 


Direction of past pointing 


Tinnitus/deafness Often present 


Labyrinthitis 
Ménière disease 


Examples 


Toward fast phase of nystagmus 
Toward slow phase of nystagmus 


Persistent 
Reproducibly repetitive 


Variable 
Variable 
Usually absent 


Multiple sclerosis 
Vertebrobasilar ischemia (see Table 6.17) 


Positional vertigo (see Table 6.16) 


Modified from Reilly BM. Practical Strategies in Outpatient Medicine. 2nd ed. Philadelphia: WB Saunders; 1991:191. 


® Physical Examination 


Special attention must be paid to the head, ears, eyes, nose, and throat 
examination. Good visualization of the tympanic membranes and of 
their mobility is necessary, along with testing both air and bony con- 
duction with a tuning fork (Figs. 6.7 and 6.8). Visualization of the 
fundi is important. Testing of all the cranial nerves should be 
performed. 

The neurologic examination must include an evaluation of the gait, 
a Romberg test, and an assessment of the visual fields and visual acuity 
(Fig. 6.9). In most children and adolescents, the physical examination 
results are normal with only subtle findings when the symptoms are 
provoked. 


® Diagnostic Tests 


The history and physical examination results direct the diagnostic 
work-up and indicate which tests need to be performed. Imaging 
studies important in the work-up of the vertiginous patient include 
computed tomography and magnetic resonance imaging. Both tech- 
niques allow visualization of the inner ear and the labyrinthine appa- 
ratus, as well as the brainstem and cerebellum. If an infectious cause 
is suspected, it may be useful to perform a lumbar puncture as long as 
increased intracranial pressure is not suspected. In the setting of 
trauma, the simple use of the pneumatic otoscope may allow the exam- 
iner to perform a “fistula test,” reproducing or worsening the patient’s 
symptoms because of an abnormal communication to the labyrinthine 
system. If hearing loss is a feature, audiometry and evoked response 
testing should be considered. 


SUMMARY AND RED FLAGS 


Vertigo is characterized by the perception of movement, particularly 
rotational movement, and can be a most distressing and incapacitating 
phenomenon. The history and examination should allow the examiner 
to distinguish between peripheral and central vestibular dysfunction. 

In children and adolescents, peripheral vertigo is far more common 
than central vertigo. However, in certain at-risk populations, such as 
children with sickle cell disease, hemophilia, or congenital heart disease 
(especially children with right-to-left shunts or mixing lesions), and 


children receiving anticoagulation therapy, the central causes resulting 
from hemorrhagic and thromboembolic phenomena must be consid- 
ered. Chronicity, persistence, vertical nystagmus, and signs of increased 
intracranial pressure are red flags. Because the diagnosis of vertigo 
requires that the patient be able to articulate the perception of move- 
ment, it is difficult to make this diagnosis in young children; the condi- 
tion must be carefully distinguished from other movement impairments, 
especially disequilibrium. 


DISEQUILIBRIUM 


When a “dizzy” patient describes feeling unsteady on his or her feet, 
off balance, or uncoordinated, the patient is describing a disturbance 
in the body’s equilibrium system. The fundamental complaint is dif- 
ficulty in walking, not from weakness but from a feeling of lack of 
control. 

Walking is a complex activity. The constant integration of visual, 
vestibular, and proprioceptive afferent information regarding the 
changing spatial orientation is performed by using all levels of the 
central nervous system: the cerebral cortex, cerebellum, brainstem, 
spinal cord, and peripheral neuromuscular system. These spatial data 
are then utilized by the efferent system, producing both voluntary 
and involuntary movements and spatial adjustments (Fig. 6.10). 
Disturbances in any of these pathways can result in difficulty with 
locomotion. 

Disequilibrium, therefore, may result from any perceptual distor- 
tion of spatial orientation. The most common is visual impairment, to 
which any child who has played “Pin the Tail on the Donkey” or “Blind 
Man’s Bluff” can attest. Humans depend heavily on visual perception 
to orient themselves in space. Vestibulocochlear dysfunction can also 
severely impair a person's ability to ambulate. Peripheral neuropathies 
affecting proprioceptive function impair the ability of the central 
nervous system to accurately perceive the position of the limbs with 
regard to one another and to either the ground or the body. Disorders 
causing diffuse damage to the integrative mechanism or cortical or 
cerebellar diseases can impair proprioception as well. Likewise, efferent 
motor disability produces impairment of locomotion by producing 
weakness or apraxias (‘Table 6.18). 


TABLE 6.16 Peripheral Vestibulopathy 


Syndrome 

Benign 
paroxysmal 
positional 
vertigo 


Vestibular 
neuronitis 


Infectious 
labyrinthitis 


Toxic 
vestibulopathy 


Cervicogenic 
vestibulopathy 


Cholesteatoma 


Otosclerosis 


Post-Traumatic 
Basilar (temporal 
bone) fracture 


Postconcussive 


Cupulolithiasis 


Perilymphatic 
fistula 


Whiplash 


Ossicular 
disruption 


Usual Presentation 


Paroxysmal, brief, purely positional 
vertigo 


Acute-onset, severe vertigo, 
sometimes after viral respiratory 
infection 


Usually, mild vertigo accompanying 
obvious sinusitis, otitis media, or 
serous otitis 


Vertigo and/or hearing loss 
associated with use of 
toxic drugs 


Brief positional vertigo, associated 
with head and neck movements 


Recurrent, often positional vertigo 
in patients with a history of 
chronic otitis, TM perforation, 
mastoiditis 


Progressive hearing loss, sometimes 
with intermittent vertigo 


severe vertigo, often with profound 
hearing loss immediately after 
head trauma 


Ongoing, often mild/chronic 
vertigo after concussion, 
without fracture 


Classic benign positional vertigo, 
but after head trauma 


Trauma may be remote or indirect 
(swimming, diving injuries) 

Usually, positional vertigo, recurrent; 
or mild persistent vertigo 

Positional vertigo, worse with neck 
extension or turning, after 
deceleration neck injury 

Hearing loss, acute vertigo, following 
head/facial trauma 


Typical Course 


Often polyphasic illness with 
gradual improvement but 
intermittent brief recurrences 
for weeks/months 

Does not cause ongoing severe 
vertigo 

severe ongoing vertigo for many 
hours or a few days 

Monophasic illness 

Resolves spontaneously 

No hearing loss 


Resolves over several days with 
resolution of otitis/sinusitis 

Very rarely: severe purulent 
labyrinthitis, mastoiditis, 
meningitis 

Usually dose related and 
reversible after withdrawal or 
dose reduction of offending 
drug 


Usually recurrent, brief, 
nondebilitating vertigo in 
patients with cervical 
spondylosis or other 
craniovertebral disease 
(rheumatoid arthritis, 
Klippel-Feil deformity) 


Indolent progression of 
symptoms 


Indolent progressive hearing 
loss 


Gradual (days—weeks) resolution 
of vertigo; hearing loss, facial 
nerve injury often permanent 


Gradual resolution but often 
delayed for months—years 


Same as for benign positional 
vertigo 


Post-traumatic vertigo that does 
not improve over time 


Gradual but slow improvement 
with resolution of neck 
symptoms 

Gradual (days) resolution of 
vertigo; hearing loss persists 


CSF, cerebrospinal fluid; ENT, ear-nose-throat; TM, tympanic membrane. 
Modified from Reilly BM. Practical Strategies in Outpatient Medicine. 2nd ed. Philadelphia: WB Saunders; 1991:196-197. 


Hearing Loss? 
No 


No 


No, unless conductive loss due 
to otitis associated 


Depends on drug, but 
sensorineural deafness 
Is common with 
aminoglycosides, aspirin, loop 
diuretics, platinum; hearing is 
usually normal with alcohol 
and quinidine 

No (but unrelated presbycusis 
common in this age group) 


Conductive 


Conductive 


Often: sensorineural 


No 


No 


Often: mixed or sensorineural 


Usually none 


Conductive 


Diagnosis 
History 
Nylen-Barany maneuvers 


Clinical history 

Normal hearing 

Peripheral nystagmus 

Rapid (hours—days) resolution 
without recurrence 


ENT examination: otitis 
media? serous otitis? 
sinusitis? 


Peripheral vertigo with or 
without hearing loss while/ 
after patient takes 
vestibulotoxic drugs; most 
are reversible with 
discontinuation of drug 


Typical history 
Nylen-Barany maneuvers not 
consistent with benign 
positional vertigo 
Exclude: 
Vertebrobasilar ischemia 
Carotid sinus 
hypersensitivity 
Usually visible (at superior 
border of tympanic 
membrane) on otoscope 
examination of ear 
Family history 
Audiometry 


Radiograph: fracture 
Hemotympanum? 
CSF otorrhea? 

Facial paresis? 
Persistent/chronic symptoms 
without evidence of other 
post-traumatic syndromes 


Clinical history 
Nylen-Barany maneuvers 
Exclude fistulas 


Clinical history 

Positive fistula test 

Valsalva maneuver: 
symptoms worsen? 


Clinical history 

Exclude fractures and 
fistulas 

Clinical history 

Audiometry 

Exclude fistulas 
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TABLE 6.17 Central Vertigo 


Cause 
Vertebrobasilar ischemia 


Cerebellar hemorrhage 


Cerebellopontine angle 
tumors (acoustic 
neuroma) 


Clinical Clues 


Known (suspected) vascular disease: hypertensive, diabetic 
Almost always accompanied by brainstem symptoms and signs: 
diplopia, dysarthria, dysesthesias, motor weakness 


Hypertensive, anticoagulated, posttraumatic 
Sudden headache: diplopia, ataxia usually more prominent than vertigo 


Hearing loss, tinnitus much more prominent than vertigo 

Mild disequilibrium 

Early: normal neurologic examination, except sensorineural hearing loss 
Later: cranial nerves V and VII abnormal; papilledema? 


Diagnosis 

TIA: clinical history 

Stroke: neurologic examination 
CT scan may be unreliable 
MRI more sensitive 
Angiography? 

CT scan 


Audiometry: retrocochlear, 
sensorineural hearing loss 

CT scan, MRI 

Internal audiometry canal tomography 


Multiple sclerosis Optic neuritis 
Internuclear ophthalmoplegia 


Spastic paraparesis/incontinence 


Vertigo first isolated symptom in only 10% of cases 


Drug toxicity 
Basilar migraine Vertigo part of headache syndrome 
Usually positive family history 
Vertiginous (temporal 
lobe) epilepsy Very rare 


Cranial neuropathy Many types, all uncommon: 


Alcohol, sedatives, tranquilizers, opiates, anticonvulsants 


Vertigo as aura prior to loss of consciousness 


ENG, ABER 

Multiplicity of symptoms and signs 
dissociated in time and space 

MRI scanning 

CSF: oligoclonal bands 

Discontinue drug 

Clinical history 


Clinical history 
Exclude other diagnoses 
EEG 


Herpes zoster: external ear/palate skin lesions and cranial nerve 


VIII symptoms 


Postinfectious: after viral syndromes: polyneuritis and/or 


cerebellitis and/or encephalitis 


Chronic meningitis: syphilis, tuberculosis, sarcoid, carcinomatous 
Vasculitis: Cogan syndrome, polyangiitis with granulomatosis, 


temporal arteritis, syphilis 
Head and neck carcinoma 
Vascular compression syndromes 


Others: Heredofamilial disorders (Friedreich ataxia, spinocerebellar degeneration, olivopontocerebellar degeneration) 


Cerebellar degeneration (alcohol, cancer) 
Tumor of brainstem, cerebellum 

Syrinx cervical cord 

Post-traumatic concussion 


ABER, auditory brainstem-evoked response; CT, computed tomography; CSF, cerebrospinal fluid; EEG, electroencephalography; ENG, 
electronystagmography; MRI, magnetic resonance imaging; TIA, transient ischemic attack. 
Modified from Reilly BM. Practical Strategies in Outpatient Medicine. 2nd ed. Philadelphia: WB Saunders; 1991:200. 


The history is critical for patients complaining of dizziness or dif- 
ficulty ambulating. For children, this includes a detailed developmental 
history, because the differential diagnosis varies significantly for chil- 
dren who were walking and then stop and for those who do not achieve 
that milestone. For younger children, it may be very difficult to deter- 
mine whether refusal or reluctance to walk is related to imbalance, 
pain, or weakness. Nausea and vomiting are usually associated with 
vertigo but tend to be rare with disequilibrium. Nausea and vomiting 
may accompany a viral illness that results in an acute cerebellar ataxia 
and thus, may precede the onset of disequilibrium. If nausea is simul- 
taneous with the disequilibrium, drug or alcohol intoxication must be 
considered. Morning nausea or vomiting can be seen with increased 
intracranial pressure, as in hydrocephalus and posterior fossa tumors. 
Any history of head trauma, especially in toddlers, and any history 
of congenital heart disease with the potential for paradoxical 


embolization, including septic emboli resulting in brain abscess, must 
be considered. 

It is important to distinguish acute intermittent ataxia from more 
chronic or progressive forms (Tables 6.19 and 6.20). Drugs and post- 
viral cerebellitis are common causes of acute sudden-onset ataxia. 
Varicella-associated postinfectious acute cerebellar ataxia usually 
comes after the infection, but in rare instances, it may occur before or 
during chickenpox. Its nature is benign. Metabolic hereditary disor- 
ders may cause intermittent symptoms provoked by fever, as in maple 
syrup urine disease, ataxia-telangiectasia, Hartnup disease, Refsum 
disease, pyruvate decarboxylase deficiency, abetalipoproteinemia, bio- 
tinidase deficiency, and some enzyme deficiencies. These must be dis- 
tinguished from hypothyroidism, demyelinating disorders, muscular 
dystrophies, and neoplasms of the posterior fossa, brainstem, and 
spinal cord. Paraneoplastic effects of neuroblastoma produce ataxia, 
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B 
FIGURE 6.7 The Rinne test. The tuning fork is first placed on the 
mastoid process (A). When the sound can no longer be heard, the 
tuning fork is placed in front of the external auditory meatus (B). Nor- 
mally, air conduction is better than bone conduction. (From Swartz MH. 


Textbook of Physical Diagnosis: History and Examination. Philadelphia: 
WB Saunders; 1989:175.) 


opsoclonus, and myoclonus. The Miller Fisher variant of Guillain- 
Barre syndrome produces ataxia, ophthalmoplegia, and areflexia. 

Progressive ataxias have a poorer prognosis. Age at onset can be 
used to distinguish some causes: posterior fossa tumors and neuroblas- 
toma generally occur within the first decade, Friedreich ataxia and 
Duchenne muscular dystrophy during the late first to second decades, 
and multiple sclerosis and diabetic peripheral neuropathy in the 
second decade. 

Observation of the child’s gait is an important component of the 
physical examination. Sufficient room should be found to allow the 
child to initiate walking, to proceed in a straight line for 10-20 paces 
and to turn and return. The normal child, older than 2-3 years, initiates 
walking without hesitation and steps smoothly with a consistent stride 
length and height and a narrow base. The arms should swing freely 
and rhythmically, alternating with the feet and there should be little 
sway in the trunk. When the child stops, there should be no hesitation 
again and no wavering or compensation. The observer should practice 
watching children walk normally to develop a sense for each part of 
the complex motion. 


B 


FIGURE 6.8 The Weber test. When a vibrating tuning fork is placed 
on the center of the forehead, the sound is normally heard in the center 
without lateralization to either side (top). A, In the presence of a conduc- 
tive hearing loss, the sound is heard on the side of the conductive loss. 
B, In the presence of a sensorineural loss, the sound is better heard 
on the opposite (unaffected) side. (From Swartz MH. Textbook of Phys- 
ical Diagnosis: History and Examination. Philadelphia: WB Saunders; 
1989:1753) 


One of the most common gait abnormalities in children is the 
wide-based gait. Careful observation of toddlers at various stages of 
development familiarizes the observer with the transition from the 
wide-based, lurching steps of a 12-month-old to the smooth, sure, 
rhythmic stride of children older than 2-3 years. Excessive trunk sway 
is typical of cerebellar ataxia. Waddling tends to be caused by proximal 
muscle weakness with a forward leaning, stiff appearance. It is impor- 
tant to distinguish an unsteady gait with irregular steps from a limp or 
a sensory deficit resulting in a high step with a slapping foot plant. 

In a toddler, passive and active range of motion exercises should be 
performed to ensure the observer that there is no joint or muscle pain. 
Reflexes, including the Babinski sign, should be carefully tested. Testing 
the sensory system in a toddler, especially proprioception, vibration, 
and two-point discrimination, can be a challenge. The Romberg test 
may also be difficult for younger children. 


EVALUATION OF THE PATIENT 
WITH DISEQUILIBRIUM 


® History 


A detailed developmental history, especially for a younger child, is 
obtained. The family history should also be complete. The examiner 
should check for prodromal illnesses, especially viral (varicella) in 
nature: 


FIGURE 6.9 The Romberg test. The patient stands upright, feet 
together, arms at sides. The examiner should stand next to the patient. 
The test is performed in two stages: with the patient's eyes open and 
then with the eyes closed. Even a normal person may experience mild 
subjective disequilibrium and may “waver” with the eyes closed. Thus, 
the Romberg test can sometimes stimulate the feeling of disequilib- 
rium. A, With the eyes open, the patient can stand unsupported without 
difficulty. B, With the eyes closed, the patient loses his or her balance. 
This test result suggests peripheral neuropathy or vestibular dysfunc- 
tion or both. Cerebellar disease more often results in an inability to 
maintain posture with the eyes either open or closed. (From Reilly BM. 
Practical Strategies in Outpatient Medicine. 2nd ed. Philadelphia: WB 
Saunders; 1991:168.) 


Is there any history of trauma? 

What is the character of the disability? 

Does the child feel unsteady standing, starting to walk, stopping or 
turning? 

How do the parents characterize the child’s gait? 

Are there associated symptoms, such as nausea, vomiting, pain, or 
vertigo? 

Does the child take or have access to any medications or drugs? 

Is the disequilibrium intermittent or constant? 

Are there any other medical conditions? 


$ Physical Examination 


A thorough general physical examination should precede a very 
detailed neuromuscular examination. The presence of a goiter, cutane- 
ous lesions of neurofibromatosis or tuberous sclerosis may point 
to a diagnosis immediately. The neuromuscular examination should 
proceed from head to toe in an organized and systematic manner. 
Muscle tone, bulk, and symmetry of the face, trunk and extremities are 
important. Cranial nerves should be examined, as should the sensory 
system. During the motor examination, the physician should isolate 
muscle groups and joints by observing the gait more than once before 
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Integrative mechanisms: 
Cerebellum 


Cerebral cortex 


TD /Spinal cord 


Afferent arc: Efferent arc: 


Vestibular Muscles 
Visual Joints 
Proprioceptive Coordination 


FIGURE 6.10 The afferent, integrative, and efferent components of 
the equilibrium system. (From Reilly BM. Practical Strategies in Outpa- 
tient Medicine. 2nd ed. Philadelphia: WB Saunders; 1991:166.) 


assessing overall function. The Romberg test should be performed in 
all patients old enough to cooperate, as should the lateralizing cerebel- 
lar tests, such as the finger-to-nose and rapid, alternating movements. 
Attention to detail in the history and physical examination findings 
usually yields a diagnosis. 


® Diagnostic Tests 


Other than for drug ingestion, obvious peripheral neuropathies or 
myopathies, focal extremity infections, or varicella-associated cerebel- 
lar ataxia, magnetic resonance imaging is the principal diagnostic test 
for children and adolescents with disequilibrium. Metabolic tests and 
thyroid function tests are indicated by either history or physical find- 
ings. Especially in younger children, imaging is necessary to rule out 
the posterior fossa tumors and demyelinating diseases. The lumbar 
puncture and analysis of the cerebrospinal fluid may also be indicated 
in cases preceded by a viral or infectious prodrome. When weakness is 
associated with the disequilibrium, there may be a place for electromy- 
ography and nerve conduction studies. 


SUMMARY AND RED FLAGS 


Ataxia can be seen in children at any age; it may portend serious 
pathologic processes, including posterior fossa tumors, leukodystro- 
phies, metabolic disorders, and familial-hereditary disorders. The 
history must be obtained carefully, with attention to developmental 
milestones, family history, and specifics of prodromal illnesses (chick- 
enpox), associated symptoms, and a description of the gait. The phys- 
ical examination must also be detailed and methodical, with special 
emphasis on the neuromuscular examination. Imaging studies of the 
central nervous system are usually required, especially for younger 
children, in whom the possibility of neoplasms is the greatest. 
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TABLE 6.18 Disequilibrium 


Cause 


Most Common 


Multiple sensory deficits 


Hyperventilation/anxiety 


disorders 


Vestibular disorders 


Drug induced 


Alcoholic 


Painful ambulation 


Fear of falling 


Less Common 
Hypothyroidism 


Hypoglycemia 
Apraxia 

Peripheral disease 
Cerebellar disease 


(nonalcoholic) 
Spasticity 


Normal-pressure 
hydrocephalus 

Hemiplegia 

Proximal myopathy 


Hysterical 


Clues 


Visual impairment? 

Hearing/vestibular dysfunction? 
Neuropathy? 

spondylosis/degenerative joint disease? 
Neuropathy? 

Weakness? 


Young, healthy, anxious patient with episodic “spells” of 
disequilibrium 

or 

Constant, chronic, elusive disequilibrium with or without obvious 
medical/psychosocial stress 


Chronic unilateral vestibulopathy may cause ongoing disequilibrium: 


Méniére disease, cholesteatoma, fistula, acoustic neuroma, 
drug-induced vestibulopathy 


Central nervous system agents: tranquilizers, barbiturates, sedatives, 


alcohol, H; blockers, B blockers, calcium agents, indomethacin 

Vestibulotoxic agents: aspirin, loop diuretics, aminoglycosides, 
quinidine 

Heavy alcohol abuse may cause cerebellar and/or sensory 
degeneration 

Nystagmus uncommon 

Arthritis? 

Claudication? 

Pain is limiting factor! 


Normal examination 
No apraxia or ataxia 
Rarely, phobic 


Weight gain or poor growth, cold intolerance, hoarseness, fatigue 


Episodic 

Usually diffuse cortical dysfunction or frontal lobe disease 

Usually apraxic in execution of other skilled movements [e.g., 
combing hair, brushing teeth) 

Diabetes, alcoholism, pernicious anemia 

Only very severe (proprioceptive) neuropathy causes gait disorder 

See text 


Multiple sclerosis, spinal cord tumor/trauma 

Legs: weak, hyperreflexic, clonus 

Often bowel/bladder dysfunction 

Urinary incontinence 

Cognitive impairment 

Gait disturbance 

Prior cerebrovascular accident 

Hemiparesis on neurologic examination 

severe bilateral proximal leg weakness: hip disease, muscular 
dystrophy, myositis, etc. 

Unpredictable, intermittent or bizarre 

“secondary gain” 


CNS, central nervous system; CSF, cerebrospinal fluid. 
Modified from Reilly BM. Practical Strategies in Outpatient Medicine. 2nd ed. Philadelphia: WB Saunders; 1991:172-173. 


Gait/Romberg Test Result 


Timid: slow, short-stepped, apprehensive 

Remarkably improved with sensory assist (cane, 
companion) 

Romberg: normal or sensory 


Usually normal gait 
Romberg: normal 
or 
“Nonphysiologic” 


Usually normal gait 

May veer to side of vestibular lesion 
Romberg: sensory 

Timid and/or ataxic gait 

Romberg: normal or cerebellar 
Romberg: sensory or normal 


Ataxic gait 
Romberg: cerebellar or sensory 


Limping? 

Waddling? 

Normal gait? 

Romberg: usually normal 

Timid gait 

Romberg: often cerebellar but fluctuates, inorganic 


Usually normal gait 
severe: ataxic gait 


Romberg: usually normal 
Apraxic gait 
Romberg: normal 


sensory gait: footdrop and/or circus clown 
Romberg: sensory 

Ataxic gait 

Romberg: cerebellar 

Spastic, scissors gait 

Romberg: often normal 


Ataxic/apraxic 


Hemiplegic gait 

Romberg: often normal (if able to perform at all) 
Waddling gait 

Romberg: normal 

Gait varies: sometimes normal, timid, limping, apraxic 
Romberg: often cerebellar, but fluctuates, inorganic 


TABLE 6.19 Acute or Recurrent Ataxia 


Brain tumor 
Conversion reaction 
Drug ingestion 
Encephalitis (brainstem) 
Genetic disorders 
Dominant recurrent ataxia 
Episodic ataxia type 1 
Episodic ataxia type 2 
Hartnup disease 
Maple syrup urine disease 
Pyruvate dehydrogenase deficiency 
Migraine 
Basilar 
Benign paroxysmal vertigo 
Postinfectious/immune 
Acute disseminated encephalomyelitis 
Acute postinfectious cerebellitis (varicella) 
Miller Fisher syndrome 
Multiple sclerosis 
Myoclonic encephalopathy/neuroblastoma 
Pseudoataxia (epileptic) 
Trauma 
Hematoma 
Postconcussion 
Vertebrobasilar occlusion 
Vascular disorders 
Cerebellar hemorrhage 
Kawasaki disease 


From Augustine E, Mink J. Movement disorders. In: Kliegman R, 
Stanton B, Schor N, et al, eds. Nelson Textbook of Pediatrics. 19th 
ed. Philadelphia: Elsevier; 2011:2053-2055. 


LIGHTHEADEDNESS 


Lightheadedness is the most difficult to characterize without using the 
term “dizzy.” The lightheaded patient’s description is vague and non- 
specific. Terms such as “woozy,’ “spaced-out,’ “dreamy,” “giddy,” or 
“drugged” are frequently used. The key for the clinician is to elicit an 
adequate description from the patient to rule out vertigo, disequilib- 
rium, and presyncope. The differential diagnosis for lightheadedness 
is then rather short in comparison with the other “dizziness” condi- 
tions (Fig. 6.11). It is often difficult to distinguish lightheadedness 
from presyncope. 

In the patient who complains of lightheadedness, voluntary hyper- 
ventilation may reproduce his or her symptoms. Voluntary hyperven- 
tilation in normal subjects produces a variety of symptoms (Table 
6.21). This test is predictive only if the patient’s symptoms are precisely 
reproduced, and all other investigation results are negative. 

Lightheadedness that is episodic frequently follows a pattern related 
to the underlying psychogenic disorder: phobic disorders, post- 
traumatic stress syndrome, panic attacks, and anxiety disorders. Such 
situational anxieties, phobias, or panic attacks may occur with or 
without hyperventilation. Careful history taking is the key to recogniz- 
ing the pattern. If the history is that of constant lightheadedness 
(“always there”), the origin is almost always psychogenic. This is a 
somatization generally of anxiety disorder or depression. The clinician 
must nonetheless remain cautious with predictable episodes because 
postural episodes, drug-related episodes, and perimenstrual episodes 
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TABLE 6.20 Chronic or Progressive Ataxia 


Brain Tumors 

Cerebellar astrocytoma 

Cerebellar hemangioblastoma (von Hippel—Landau disease) 
Ependymoma 

Medulloblastoma 

Supratentorial tumors 


Congenital Malformations 
Basilar impression 

Cerebellar aplasias 

Cerebellar hemisphere aplasia 
Dandy-Walker malformation 
Vernal aplasia 

Chiari malformation 


Hereditary Ataxias 

Autosomal dominant inheritance 

Autosomal recessive inheritance 
Abetalipoproteinemia 
Ataxia-telangiectasia 
Ataxia without oculomotor apraxia 
Ataxia with episodic dystonia 
Friedreich ataxia 
Hartnup disease 
Juvenile GM, gangliosidosis 
Juvenile sulfatide lipidoses 
Maple syrup urine disease 
Marinesco-sjégren syndrome 
Pyruvate dehydrogenase deficiency 
Ramsay Hunt syndrome 
Refsum disease (HSMN IV) 
Respiratory chain disorders 


X-Linked Inheritance 
Adrenoleukodystrophy 
Leber optic neuropathy 
With adult-onset dementia 
With deafness 
With deafness and loss of vision 


From Augustine E, Mink J. Movement disorders. In: Kliegman R, 
Stanton B, Schor N, et al, eds. Nelson Textbook of Pediatrics. 19th 
ed. Philadelphia: Elsevier; 2011:2053-205b. 


can follow a pattern and represent physiologic abnormalities that pre- 
dispose to lightheadedness. 

Especially if the episodes of lightheadedness are unpredictable, the 
clinician is advised to consider a broader differential diagnosis. Severe 
anemia, low cardiac output, thyroid disease, and some medications 
may produce occasional lightheadedness. Of greater concern are epi- 
sodes of lightheadedness associated with other symptoms, especially 
chest pain, seizures, confusion, and visual or auditory changes. Like- 
wise, exertional lightheadedness must be pursued to definitively rule 
out a cardiac dysrhythmia. 

If hyperventilation reproduces the patient’s symptoms, it is not the 
diagnosis in and of itself. Hyperventilation is a feature of many psy- 
chogenic syndromes and may be acute or chronic. Part of the perfor- 
mance of the hyperventilation should be educating the patient to the 
feelings and the scenario leading to the hyperventilation reaction. Even 
young children can then be trained to regulate their breathing to avoid 
the symptoms. However, this does not address the underlying cause of 
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Vertigo? 
Disequilibrium? 
(Pre) syncope? 


LIGHTHEADED 


USUALLY PSYCHOGENIC 


Chronic, 
constant 


Acute 
episodic 


Generalized anxiety Situational anxiety | With or 

disorder Panic disorder without 
Depression Phobic hyperventilation 
Hypochondriasis 


BUT REMEMBER: 


~ 


Severe anemia? 
Low cardiac output? 
Thyroid disease? 
Drug induced? 


Predictable 
episodes 

Exertional: cardiac? 
Postural: orthostatic? 


Unpredictable 

episodes 

Cardiac symptoms: 
arrhythmia? 


Neurologic symptoms: vestibular? 
Transient ischemic Postprandial? 
attack? seizure? hypoglycemia 


Ear symptoms: Drug related: 


vestibular? alcohol, sedatives, 
Hypertension: antihypertensive 
pheochromocytoma? withdrawal 
hyper-beta-adrenergic Substance abuse 
slate? Perimenstrual: 
Drug related? premenstrual 
syndrome? 


FIGURE 6.11 Evaluation for lightheadedness (From Reilly BM. Practi- 
cal Strategies in Outpatient Medicine. 2nd ed. Philadelphia: WB Saun- 
ders; 1991:206.) 


the hyperventilation reaction; that requires patient, nonjudgmental, 
longer term counseling, and careful categorization of the underlying 
disorder. The clinician should not hesitate to consult a psychiatrist to 
facilitate this process as well as treat the definitive psychogenic 
disorder. 


EVALUATION OF THE PATIENT 
WITH LIGHTHEADEDNESS 


$ History 


The examiner should listen for descriptions suggesting vertigo, dis- 
equilibrium, or presyncope and should establish whether there is any 
pattern to the occurrence of the feeling of lightheadedness. The child, 
parents, or siblings are asked about associated symptoms, such as dia- 
phoresis, hyperpnea, pallor or flushing, headache, and chest pain. After 
the more serious physiologic disorders are ruled out by history, phys- 
ical examination, or diagnostic testing, psychogenic disorders should 
be pursued. 


® Physical Examination 

After a thorough general physical examination, including examination 
of the fundi, a full, detailed neurologic examination should be 
performed. In addition to allowing primary cardiac, endocrine, or 


TABLE 6.21 Symptoms Associated 


with Hyperventilation 


General 
Fatigue 

Diffuse weakness 
Insomnia 
Nightmares 
Headache 

“Feel cold” 
Sweats 


Cardiovascular 
Palpitations 
Tachycardia 
Precordial pain 
Raynaud phenomenon 


Respiratory 

shortness of breath 

Chest pain 

Sighing respirations 

Yawning 

“Can't get deep breath” 
Paroxysmal nocturnal dyspnea 
Unexplained cough 

Dry mouth 


Musculoskeletal 
Muscle spasm 
Tremors 

Twitching 

Tetany 


Neurologic 

Dizziness 

Paresthesias (especially distal) 
Unsteadiness 

Impaired memory and/or concentration 
Slurred speech 

Blurred vision 


Gastrointestinal 
Globus hystericus 
Mouth dryness 
Dysphagia 

Bloating 
Belching/flatulence 
Abdominal pain 


Psychic 
Tension 
Anxiety 
Depression 
Apprehension 


From Reilly BM. Practical Strategies in Outpatient Medicine. 2nd ed. 
Philadelphia: WB Saunders; 1991:208. 


neurologic disorders to be ruled out, the examination allows the clini- 
cian to gain the confidence of the patient and demonstrates the physi- 
cian’s concern about the patient’s complaints. The patient should be 
given feedback, reassurance, and information about the purpose of 
various maneuvers in the physical examination. 


® Diagnostic Tests 

Diagnostic testing is directed by the history and physical examina- 
tion findings. In the setting of lightheadedness, tests are generally 
done to rule out potentially serious cardiovascular and neurologic 
conditions. 


SUMMARY AND RED FLAGS 


Lightheadedness must be distinguished from vertigo, disequilibrium, 
and presyncope. Frequently, the patient’s description of the sensation 
is vague and uncertain. A pattern of the appearance of the symptoms 
may suggest an underlying cause. The coexistence of any other 
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symptoms must be carefully sought. Physical findings are generally 
normal, including the neurologic examination; specific attention is 
given to cerebellar, vestibular, and sensory function. Voluntary hyper- 
ventilation in the supine position frequently reproduces the patient’s 
lightheadedness. Hyperventilation may be acute or chronic and is a 
symptom itself, rarely a diagnosis. 

Treatment must address the underlying psychogenic cause in order 
to be successful. 
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Chest Pain 


Julie M. Kolinski 


Chest pain can be the presenting complaint for a child feeling chest 
tightness, burning, pressure, stabbing sensations, palpitations, or 
heartburn. This can make quickly discerning an etiology difficult, par- 
ticularly in young children who are not able to verbalize precise symp- 
toms. Chest pain as a symptom affects equal numbers of girls and boys 
and children under and over 12 years of age. Diagnostically, children 
younger than 12 years with chest pain are more likely to have cardio- 
respiratory etiologies for their pain; whereas, adolescents are more 
likely to have musculoskeletal or psychogenic etiologies. 

The general public has been adequately educated on the significant 
morbidity and mortality that chest pain can imply in adults in the form 
of cardiac ischemia. Therefore, when children complain of chest pain, 
it can provide significant anxiety for patients, families, and providers. 
Due to this anxiety, cardiology consultation is often sought. Unlike 
adults, underlying cardiac pathology is rare in children with chest pain. 
Only 4-6% of children without known congenital heart disease are 
found to have a cardiac etiology. The challenge for the medical care 
provider is to distinguish chest pain as a commonly benign pediatric 
complaint from significant cardiac disease, limit unnecessary evalua- 
tion, and provide adequate reassurance for an anxious patient and 
family. 

Due to the rarity of cardiac pathology as the cause for chest pain, 
it is difficult to develop evidence-based guidelines for evaluation, and 
the implication of a misdiagnosis of a serious disorder is high. Chest 
pain caused by noncardiac causes may be the combination of multiple 
diagnoses, leaving medical providers seeking to “rule out” life- 
threatening cardiac causes of chest pain. The evaluation, if nonconclu- 
sive, can leave patients and families without precise answers. Most final 
diagnoses of noncardiac chest pain represent clinical impressions 
rather than confirmed diagnoses; between 20 and 45% of pediatric 
cases of chest pain are labeled idiopathic. The lack of a defined etiology 
or the presence of multiple causes for a particular patient can heighten 
worry, anxiety and subsequent morbidity, which is reflected in missed 
days of school, reduced exercise, and psychologic distress. Further- 
more, chest pain can become a chronic condition in the pediatric 
population; up to 45-69% of patients have been noted to have persis- 
tent symptoms with 19% of patients reporting symptoms lasting for 
more than 3 years. 

Overall, if medical providers methodically approach a child or ado- 
lescent’s complaint of chest pain, they can provide thoughtful diagnos- 
tic evaluations that not only discover serious cardiac pathology if 
present but also reassure families when a noncardiac etiology is 
suspected. 


CAUSES OF CHEST PAIN 


The most common causes of chest pain in descending frequency 
include idiopathic, musculoskeletal, pulmonary, psychogenic, gastro- 
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intestinal, and cardiac diagnoses (Table 7.1). A differential diagnosis 
of pediatric chest pain is listed in Table 7.2. The etiology of chest 
pain in the absence of cardiac pathology can be multifactorial and 
includes multiple items on this list. 


APPROACH TO THE PATIENT WITH CHEST PAIN 


A practical approach to chest pain first requires a detailed history and 
physical examination. An awareness of indicators (red flags) and pri- 
oritization that may suggest serious disease and necessitate immediate 
treatment are essential (Table 7.3 and Table 7.4). In particular, children 
and adolescents who have chest pain or syncope that is exertional should 
be taken seriously, particularly if there is a family history of sudden death. 
Children rarely come in complaining of “shortness of breath on exer- 
tion” or “palpitations.” Instead, children should be asked if they keep 
up with their same-age peers when participating in activities, if they 
finish last in races, or whether they have to pause in the middle of a 
flight of stairs. If concerned for palpitations, a provider can ask if a 
child’s heart ever skips a beat or seems to do flip flops or somersaults 
in their chest. If red flags are not present but a potentially serious 
noncardiac etiology of chest pain is suspected, a continued investiga- 
tion of the pain itself is necessary to make a diagnosis; it can also serve 
as a therapeutic intervention. A deliberate, orderly, and complete 
approach to the clinical evaluation often calms an anxious child and 
family. 

A complete history and physical examination usually with an elec- 
trocardiogram (ECG) used to diagnose chest pain allows medical pro- 
viders to avoid missing life-threatening cardiac pathology. Further 
testing has been debated when this evaluation indicates a noncardiac 
diagnosis as the vast majority of patients with a cardiac cause of chest 
pain have had suggestive symptoms (exertional chest pain, concerning 
family history findings, abnormal examination findings, and/or abnor- 
mal ECG findings), which appropriately lead to further investigation. 
The considerable anxiety generated among patients, families, and even 
providers in regard to this symptom can promote evaluations that are 
extensive, costly, and often low yield. 


$ History 


The goal of a thorough history of a patient with chest pain is to deter- 
mine if the etiology is life threatening, a manifestation of a chronic 
condition with possible serious complications, a specific acute cause 
or multiple acute and/or chronic causes. Although chest pain affects 
children and adolescents of all ages equally, the age of a child can assist 
in diagnosis. Adolescents are more likely to have musculoskeletal or 
psychogenic causes of chest pain, while younger children have more 
respiratory disorders and vague complaints. 

One possible approach includes a stepwise, directed history that 
includes: 
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(See Nelson Textbook of Pediatrics, p. 2155.) 


TABLE 7.1 Causes of Chest Pain in 


Children and Adolescents by Frequency 
of Causes 


Idiopathic 12-85% 
Musculoskeletal 15-31% 
Pulmonary 12-21% 
Psychiatric 5-17% 
Gastrointestinal 5-7% 

Cardiac 4-6% 

Other 4-21% 


° Description of pain (Table 7.5) 

° Assessment for red-flag symptoms, including targeted family 
history 

° Medication review 

° Review of known illnesses 

° Review of systems including psychosocial evaluation 

Eliciting the basics of the chest pain’s duration, quality, propensity 
to radiate, severity, and timing is essential. Details that have been noted 
to be particularly helpful include duration, aggravating and relieving 
factors, and associated symptoms. Severe pain that lasts only a few 
seconds up to 1 or 2 minutes is often from the chest wall, but chest 
pain that persists longer is more likely to be organic in nature. Aggra- 
vating and alleviating factors can include position changes that accom- 
pany the pain from pericarditis or onset after eating spicy foods in 
gastroesophageal reflux. The character and location of the pain in 
pediatric patients are less helpful in the diagnostic evaluation due to 
often vague descriptions; nonetheless, medical providers should con- 
tinue to obtain this information to understand the whole picture. 
Providers should remember that children often complain of chest pain 
when the pain is in a different place, such as the epigastrium or flank. 
Finally, it is important to determine whether or not the chest pain has 
had an impact on the child’s activity. 

Red-flag symptoms (see Table 7.3) are high-yield, must-know char- 
acteristics of a child or adolescent’s chest pain. Oftentimes, after a 
patient’s complete description of the pain, a medical provider will 
already know the answers to multiple red-flag symptoms, such as when 
the pain occurs, if it wakes the patient from sleep, and if it is associated 
with syncope. A targeted family history includes asking about inherited 
conditions such as familial hypercholesterolemia, hypertrophic cardio- 
myopathy, asthma, and Marfan syndrome. It also can provide informa- 
tion regarding relatives with adult-onset cardiac illnesses associated 
with chest pain, such as heart failure or ischemia, which may be provid- 
ing added anxiety for the family. 

Medications that the child may already be taking are important to 
consider. Some medications have specific links to etiologies of chest 
pain, such as tetracyclines with erosive esophagitis or oral contracep- 
tives with pulmonary embolism. Other illicit medications such as 
cocaine and other sympathomimetic agents (such as amphetamines, 
synthetic marijuana) have been associated with chest pain. A child’s 
known underlying illnesses and surrounding medical complaints dis- 
covered in a review of systems can complete the clinical picture for 
medical providers. The presence of joint pain or rash could suggest 
collagen vascular disease or the presence of increased drooling could 
represent an esophageal foreign body. 

A full psychosocial review should be performed on each patient 
to ensure that details of personal stressors and behaviors emerge. It 
is useful to learn about these aspects of the child’s chest pain from 
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TABLE 7.2 Differential Diagnosis of 
Pediatric Chest Pain 


Musculoskeletal 

Trauma (accidental, abuse) 

Exercise, overuse Injury (strain) 
Costochondritis 

Tietze syndrome 

Precordial catch syndrome 

Slipping rib syndrome 

Fibromyalgia 

Spinal cord or nerve root compression 


Pulmonary 

Asthma 

Pneumonia 

Pleurisy 

Cough 

Pneumothorax, pneumomediastinum 
Pulmonary embolism 

Tumor 

Foreign body 


Psychiatric 
Hyperventilation 
Anxiety 

Panic disorder 


Gastrointestinal 

Achalasia 

Gastroesophageal reflux 

Esophageal foreign body including pill esophagitis 
Esophageal spasm 


Esophageal rupture 

Cholecystitis 

Subdiaphragmatic abscess 

Perihepatitis (Fitz-Hugh—Curtis syndrome) 
Peptic ulcer disease 

Pancreatitis 


Cardiac 

Hypertrophic cardiomyopathy 

Aortic stenosis 

Mitral valve prolapse 

Dilated cardiomyopathy 

Pericarditis 

Myocarditis 

Endocarditis 

Idiopathic ventricular tachycardia 

Exercise-induced ventricular tachycardia 

Wolff-Parkinson-White syndrome 

Aortic dissection 

Pulmonary hypertension 

Ischemia (anomalous coronary artery, systemic lupus erythematosus, post heart 
transplant, Kawasaki disease, sympathomimetic drugs, hypercholesterolemia) 


Other 

Herpes zoster (cutaneous) 

Sickle cell anemia vasoocclusive crisis (rib infarction) 

Primary or metastatic cancer 

Splenic rupture 

Drug-related: cigarette smoking, cocaine use, sympathomimetic use, 
tetracycline ingestion 

Anorexia nervosa 

Breast-related disease 
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TABLE 7.3 Red Flags That Increase the 
Likelihood of a Cardiac Cause for Chest Pain 


Sudden onset of severe pain 

Pain occurs with exercise 

Exertional syncope 

Pain that awakes the patient from sleep 

Palpitations and/or dysrhythmias 

Family history of sudden death, young onset ischemic heart disease, 
inherited arrhythmias such as long QT syndrome or Brugada syndrome, 
deep vein thrombosis or pulmonary embolism 

Cyanosis 

Personal past or current history of congenital heart disease 

Personal history of connective tissue disease, hypercoagulable or 
hypercholesterolemic state, systemic lupus erythematosus, Kawasaki 
disease, sickle cell anemia, Marfan syndrome, cystic fibrosis, Ehlers- 
Danlos syndrome 

Personal history of cocaine, huffing, and/or amphetamine use 


the child and the parent/family separately. Make sure to interview 
the patient alone if the child is older or an adolescent. It is difficult 
for children to discuss areas of difficulty, such as family relationships, 
school difficulties or concerns about physical development, with family 
present. It is useful to ask “What are you concerned that this pain 
is caused by?” of both the patient and the family. This question 
frequently gives information about overriding fears and concerns that 
can help medical providers know how to appropriately reassure the 
family in the likely event that the chest pain has a benign, noncardiac 
etiology. 


Musculoskeletal 


Musculoskeletal chest wall pain is perhaps the most identifiable cause 
of chest pain due to its association with localized tenderness elicited 
by specific manipulation of the thorax (Fig. 7.1). Pain can involve the 
ribs, costochondral junctions, costal cartilages, intercostal muscles, 
sternum, clavicle, or spine. The pain is often worse with movement, 
coughing, and inspiration. In considering musculoskeletal etiologies, 
thoroughly consider any trauma to the chest wall. Both contusion and 
rib fracture can be particularly painful with exquisite tenderness on 
palpation and pain on inspiration. Table 7.6 highlights common causes 
of musculoskeletal chest pain. 

In general, chest wall pain can result from the strain of any muscle 
group present in the chest; however, multiple syndromes have been 
described in relation to specific patterns of muscular pain (Fig. 7.2). 
Some of these syndromes include pectoral syndrome (pain in a band 
across the anterior parasternal chest wall on the right or the left), cora- 
coid syndrome (pain at the site of the pectoralis minor muscle with 
tenderness at its insertion onto the coracoid process), and xiphoid 
process syndrome (pain over the xiphoid process). 


Respiratory 


Respiratory causes of chest pain are often diagnosed through use of 
history and general appearance of the patient (Table 7.7). Some of 
these causes can require urgent evaluation and treatment. In a patient 
with sudden, significant chest pain, medical providers should consider 
acute pneumothorax or acute pulmonary embolism (along with acute 
pericarditis, myocarditis, or aortic dissection—discussed in cardiac 
etiologies of chest pain). Asthma or reactive airway disease is more 
likely in a patient with audible wheezing and cough. Notably, patients 
with chest pain from undiagnosed causes after complete evaluation 


TABLE 7.4 Categorization and 
Prioritization of Chest Discomfort 


Category 1: Does the Complaint Indicate Life-Threatening 
Emergency, Such As... 

Acute ischemic heart disease 

Aortic dissection 

Pulmonary embolism 

Spontaneous pneumothorax/pneumomediastinum 

Acute arrhythmia 


Indicators: 

Acute onset 

Severe pain 

High or low blood pressure 
Significant tachycardia 
Cyanosis 

Loss of consciousness 
Pleuritic-type pain 


Category 2: Does the Complaint Indicate a Chronic 

Condition That Might Result in Serious Complications, 

Such As... 

Aortic stenosis 

Pulmonary hypertension 

Coronary disease 

Hypertrophic cardiomyopathy 

Marfan syndrome 

Nonbenign cardiac arrhythmias, such as Wolf-Parkinson-White syndrome, 
long OT syndrome, ventricular arrhythmias 


Indicators: 

Recurrent intermittent discomfort, especially with exercise 
History of syncope 

Family history of heart disease 

Heart murmur 


Category 3: Does the Complaint Indicate Specific Acute 
Causes, Such As... 

Asthma 

Pericarditis 

Pneumonia 

Pleural effusion 

Herpes zoster 

Chest wall injury 

Hyperventilation 


Indicators: 

Acute onset 

Fever 

Associated signs and symptoms of lung disease, such as cough or dyspnea 


Category 4: Does the Complaint Indicate Specific Chronic 
Causes, Such As... 

Gastroesophageal reflux disease 

Fibromyalgia 

Panic disorder 


Indicators: 

Chronic intermittent symptoms 

Other gastrointestinal symptoms 

Psychosocial indicators such as school absences, mood symptoms, family 
problems 


have a greater likelihood than normal control subjects to have abnor- 
mal results on methacholine challenges and exercise testing, indicating 
reactive airway disease is a more common etiology of chest pain than 
providers realize. Finally, pneumonia and respiratory infections are the 
most common causes of chest pain when it presents with fever. 


Psychogenic/Idiopathic 

Psychogenic causes of chest pain are more common in adolescents 
than in children under the age of 12. Patients with psychogenic etiolo- 
gies of chest pain may also have additional physiologic causes of pain; 


TABLE 7.5 Historical Features of Chest 
Pain That Are Essential to Its Assessment 


Duration of pain (how long present but also duration of each episode) 
Acuteness of onset 

Severity of pain (use scale of 1-10) 
Associated symptoms 

Precipitating and ameliorating factors 
Quality of pain (pleuritic, sharp, dull) 
Location of pain 

Limitation of activities by pain 

Radiation of pain 

Time of day that pain occurs 

Recent activity, injury, and stresses 

Full psychosocial review, including behaviors 
Medical history 

Family medical history 


Insertion of 


ectoralis major 
Insertion of p J 


pectoralis minor 


Breast mass 
or tenderness 


Firm and/or tender 
thoracoepigastric 
vein 
(Mondor's syndrome) 


“Trigger” 


points —— fo 


O 
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psychologic risk factors can amplify the clinical presentation of chest 
pain. Psychologic forms of chest pain are typically recurrent with par- 
ticular stressors. Children and adolescents may have a history of 
anxiety and/or stressful life events that are not easily apparent but can 
have a large impact on their perception of pain. Many psychologic 
factors, such as anxiety, depression, and psychosomatic features often 
coexist. Patients with psychogenic causes of chest pain are the most 
likely to have other somatic symptoms, including breathlessness, 
fatigue, nervousness, near-syncope, and palpitations. These patients 
also often demonstrate more bodily worries, more limitation of general 
activity, and more school absences. The most common etiologies of 
psychogenic chest pain are hyperventilation and underlying psychiat- 
ric illness, such as anxiety, depression, or somatoform disorders (con- 
version or somatization). 

Hyperventilation, most often in the setting of a panic attack, is 
characterized by rapid breathing accompanied with dyspnea and 
anxiety to the degree that systemic symptoms result, such as paresthe- 
sias, dizziness/lightheadedness, palpitations, and confusion (Table 7.8). 
This can occur as an acute one-time episode or can represent an under- 
lying panic disorder if recurrent. These symptoms are manifestations 
of physiologic phenomena caused by hypocapnic respiratory alkalosis, 
chest muscle strain from use of accessory muscles, tachycardia and 
arrhythmias, spasm of the diaphragm, and gastric distention caused 
by aerophagia (Fig. 7.3). Typically, the patient’s chest pain complaint 
will include sharp, nonradiating pain over the left precordium. It is the 
easiest to diagnose when these symptoms arise without exertion. 
However, it is often difficult to differentiate hyperventilation from 
asthma as both diagnoses can include dyspnea, chest tightness, cough 
during exercise, and symptoms characteristic of bronchospasm. 


Sternoclavicular 
joint 


Swollen costal cartilage 
(Tietze syndrome) 


Intercostal 
neuritis 


A Tender costochondra 


junctions 
(costochondritis) 


Rib fracture 


“Slipping rib” 


Rectus abdominis 
muscle 


Xiphoidalgia 


FIGURE 7.1 Palpable and/or visible abnormalities of the chest wall that may be found in different chest 
wall syndromes. In addition, various proximal abdominal causes of chest pain, such as disease of the gall- 
bladder, liver, stomach, pancreas, or subdiaphragmatic space must be considered. (From Reilly BM. Chest 
pain. In: Practical Strategies in Outpatient Medicine. 2nd ed. Philadelphia: WB Saunders; 1991.) 
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TABLE 7.6 Causes of Mlusculoskeletal 
Chest Pain 


Signs and Symptoms Diagnosis 


Aching pain after new or intense exercise or Muscular strain 
repetitive coughing 

Can appear up to 2 days later 

Pain reproduced by range of motion testing or 
palpation 

Sharp, anterior pain over costochondral junctions Costochondritis 

Exacerbated by deep breathing 


1st through Sth ribs are most common 


sharp, localized pain at one costochondral junction 

Area is swollen, + warm, erythematous bulbous or 
fusiform 1-4 cm mass 

2nd or 3rd costochondral junction is most common 

Age predominance in adolescents and early 
twenties 


Pain and increased mobility of 8th, 9th, or 10th 
ribs (which are not attached to the sternum), 
resulting in impingement of superior intercostal 
nerve 

Intermittent sharp pain in chest or upper abdomen 

Brought on by exertion, especially sudden upward 
and anterior movement (“hooking maneuver”: 
see Fig. 7.2) 

Can have popping sensation at onset of pain 

Caused by trauma or dislocation of these ribs 


Tietze syndrome 


Slipping rib syndrome 
(lower rib pain 
syndrome) 


Precordial catch 
syndrome 


Brief (30 sec—3 min), nonradiating, sharp pain in 
the left parasternal area or cardiac apex 
(“Texidor twinge”) 

Occurs at rest or with mild activity 

Exacerbated with inspiration and alleviated by 
shallow breathing or straightened position 

Related to poor posture 


Pain over both anterior chest and back Spinal cord or nerve 
Spasm in muscles innervated by nerve root causes root compression, 
pain typically lower 
No midline spine bony tenderness cervical or upper 
History of vertigo, headache, pain after prolonged thoracic spine 

recumbence or straining 


Chronic aching and stiffness 

Multiple points of tenderness on palpation of 
muscle with minimal pressure 

Associated with fatigue and sleep disturbance 


Fibromyalgia 


Hyperventilation can also occur concurrently with costochondritis or 
asthma, further complicating diagnosis. 

Anxiety, depression, and somatiform disorders can cause episodic 
chest pain with or without hyperventilation. Within anxiety disorders, 
chest pain and other symptoms are typically temporally related to 
stressful situations. Anxiety-related psychogenic chest pain is 4 times 
as likely to occur in a patient with a family history of chest pain (often 
an adult with a history of cardiac ischemia), and the pain is often fleet- 
ing and vague in its description. 


Gastrointestinal 


Esophagitis (reflux, infectious, eosinophilic) and esophageal motility 
disorders (diffuse esophageal spasm, achalasia) can cause chest pain in 


both adults and children. Esophagitis is characterized by symptoms 
typical of “heartburn,” a substernal burning sensation that is exacer- 
bated by eating or position changes, specifically lying supine. However, 
heartburn is less common in children with esophagitis than adults. 
More commonly, children will have the presence of epigastric tender- 
ness on exam. In fact, epigastric tenderness is one of the best indicators 
of a gastrointestinal etiology of pain in a child. Often, a trial of H,- 
blocking agents or proton pump inhibitors helps diagnostically and 
therapeutically in the evaluation of esophagitis. Motility disorders of 
the esophagus cause chest pain that lasts from only a few seconds to 
several hours. The pain is nonexertional but can be exacerbated by 
bending forward. Achalasia classically causes dysphagia, nocturnal 
regurgitation, and chest pain. It can occur at any age and the chest pain 
is variably associated with the diagnosis (19-95% of the time). Eosino- 
philic esophagitis can cause chest pain secondary to esophageal inflam- 
mation, dysmotility, and reflux. Other notable gastrointestinal disorders 
can also cause chest pain including esophageal foreign body, gastric 
and duodenal ulcers, cholecystitis, pancreatitis, hepatitis, and infec- 
tions of the subdiaphragmatic space. Esophageal rupture is a rare cause 
of chest pain; it has been described in patients with bulimia nervosa 
or after surgical repair of a tracheoesophageal fistula. 


Other 


Other causes of chest pain are diverse and variable. Patients with 
herpes zoster often experience chest pain prior to the typical vesicular 
rash over a unilateral dermatome. These patients can continue to 
have burning chest pain for weeks to months. Breast-related causes 
of chest pain can occur in both males and females. Females may 
complain of throbbing or burning chest pain caused by fibrocystic 
disease, fibroadenoma, swelling with menstruation, mastitis, or preg- 
nancy. Gynecomastia in males can lead to unilateral or bilateral chest 
pain. Substance abuse of tobacco and/or cocaine in addition to other 
sympathomimetic substances can also cause chest pain. Other medi- 
cations, such as tetracyclines, iron, or nonsteroidal antiinflammatory 
agents, can cause pill-induced esophagitis. Foreign bodies in the 
airways and/or esophagus can be unusual causes of chest discomfort; 
these diagnoses are typically evident due to other symptoms such as 
dysphagia, drooling, choking, stridor, or dyspnea. Neoplastic diseases 
such as mediastinal tumors or lymphomas can also manifest primarily 
as chest pain. 

In addition, certain underlying disease processes have clinical 
courses that can manifest as chest pain. In patients with sickle cell 
anemia, chest pain can be secondary to acute chest syndrome and 
rib or pulmonary infarction. Long-term complications of Kawasaki 
disease include coronary artery stenosis and coronary artery aneurysm, 
both of which can present as chest pain. Patients with these cardiac 
complications of Kawasaki disease often have associated symptoms of 
fatigue, shortness of breath, and diaphoresis. Patients with Marfan 
syndrome are at high risk for dissecting aortic aneurysm, as are patients 
with Turner syndrome, type IV Ehlers-Danlos syndrome, and homo- 
cystinuria. A dissecting aortic aneurysm will often have the history of 
a sharp, sudden onset of chest pain with radiation to the back. Rheu- 
matic fever is an acquired condition that can present with the major 
manifestations of carditis, which may include tachycardia out of pro- 
portion to degree of fever, mitral regurgitation or aortic regurgitation, 
and signs of pericarditis or heart failure. Chest pain also can be present 
before the onset of lower spinal symptoms in ankylosing spondylitis, 
a disease of the sacroiliac joints with variable involvement in the tho- 
racic and cervical spine. A phenomenon that can occur with any 
cardiac procedure is postpericardiotomy syndrome, which includes 
fever, chest pain, and an audible friction rub approximately 1-2 weeks 
post-surgery. 
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FIGURE 7.2 Chest wall maneuvers. A, B, The “scissors” maneuver. The patient's arm is adducted across 
the anterior chest, and the examiner pulls the patient's hand beyond the contralateral shoulder (A). When 
both arms are tested together, traction is applied to both (B); the patient turns the head to either side, and 
the arms form a “scissors.” Pain originating in the scapula, thoracic spine, pectoral muscles, or ribs and 
intercostal structures is often precipitated by the scissors maneuver. C, The “hedge clipper” maneuver. The 
pectoralis major muscles are stressed by the patient's pressing the palms forcefully together with the elbows 
flexed anterior to the chest. The pectoral muscles are thus more clearly defined, and pain is often appreci- 
ated within the muscles or at their insertion in the upper parasternal area (see Fig. 7.1). D, The “racing dive” 
maneuver. The pectoralis minor muscles are stressed by forcefully resisting the patient's attempt to throw 
forward the shoulder and upper arm from an initial position behind (dorsal to) the chest wall. The attempted 
arm motion is that of flinging the arm and hand forward, as a swim racer would when beginning a racing 
dive. The examiner resists this forward arm and shoulder motion. E, The “crowing rooster” maneuver. The 
patient hyperextends the neck while the examiner lifts both of the patient's arms backward and superiorly. 
Pain originating in the cervical spine or anterior chest wall or both is often thus reproduced. F, The “hooking” 
maneuver. With the patient supine, the examiner stands at the patient's side, facing the patient's feet. The 
examiner then “hooks” his or her fingers around the lower costal margin of the patient's rib cage and pulls 
anteriorly (ventrally) and superiorly (cephalad). This maneuver may elicit pain when costochondritis or trau- 
matic rib injuries involve the lower rib cage, when the upper rectus abdominis muscle is torn, or when a 
“slipping rib” is the problem. G, The “high ten” maneuver. The patient raises both hands overhead, elbows 
extended, and then presses forward with the hands against resistance offered by the examiner. Pain origi- 
nating in the anterior rib cage, thoracic spine, or pectoral muscles may be elicited here. (A, B, and G from 
Reilly BM. Chest pain. In: Practical Strategies in Outpatient Medicine. 2nd ed. Philadelphia: WB Saunders; 
1991.) 
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TABLE 7.7 Respiratory Causes of 


Chest Pain 


Signs and Symptoms 


Unilateral pain associated with severe dyspnea 

Can have radiation to ipsilateral shoulder 

Degree of pain does not correlate to extent of 
pneumothorax 

Risk factors include tall and thin body habitus, 
asthma, cystic fibrosis, inhalation of cocaine/ 
marijuana 

Sudden pain, dyspnea, tachycardia + hypoxia 

Pain is pressure-like or pleuritic 

Can have hemoptysis (rare) 

Risk factors include central venous catheter, 
trauma, malignancy, immobilization, oral 
contraceptive use, recent abortion or surgery, 
hypercoagulable state 

ECG with sinus tachycardia, right heart strain 


Wheeze, + shortness of breath, + cough 
If exercise-induced, can cause chest pain in 
absence of wheeze 


Fever, cough + sputum production 

Midsternal or parasternal pain that can be 
diffuse 

Pain exacerbated by deep breathing, coughing, 
straining 


Diagnosis 
Pneumothorax, primary 
or secondary 


Pulmonary embolism 


Asthma, reactive 
airway 
disease 
Pneumonia with 
pleurisy 


TABLE 7.8 Type and Incidence of 
System Involvement During 
Hyperventilation in Children 


System 


Cardiovascular 
Chest pain 


Palpitation 
Pallor 
Cold extremities 


Respiratory 
Deep, sighing respirations 
Dyspnea, breathlessness 


Neurologic 
Numbness 


Dizziness 
Tingling 
Loss of consciousness 


Musculoskeletal 
Aches and pains 


Limping 
Tetany 


Gastrointestinal 
Dry mouth 


Abdominal bloating and pain 
Belching 


Percentage of Cases 


86 
74 
WZ 
42 


Anxiety 


Sighing + Yawning 
— Hyperyenüiíation2“ ° 


| PCO» and 
alkalosis 


/ 


| Ionized Catt (L) shift of Oo Hgb and L. C C 
CNS vasoconstriction 


<— [ay 
Peripheral nerve hypoxia Lightheadedness, 
confusion, syncope, 
N hallucinations, seizures 
«raean 


FIGURE 7.3 Pathophysiologic mechanisms of hyperventilation. CNS, central nervous system; Hgb, hemo- 
globin; PCO;, carbon dioxide pressure; O; Hgb, oxyhemoglobin dissociation curve. (From Herman SP, Stickler 
GB, Lucas AR. Hyperventilation syndrome in children and adolescents: Long-term follow-up. Pediatrics. 
1981;67:183-187.) 


Use of accessory muscles 
of respiration 


Tachycardia and 
arrhythmias 


Cardiac 


Although cardiac disease is a rare cause of chest pain, there is potential 
for dangerous morbidity and mortality if left undiagnosed. One of the 
foremost concerns of families with children who have chest pain is 
whether or not their child is having a heart attack, although this is 
extremely uncommon. Etiologies of chest pain due to cardiac disease 
include arrhythmias, ischemia, structural abnormalities, and pericar- 
dial or myocardial disorders (Tables 7.9, 7.10, and 7.11). Arrhythmias 
are the most common, whereas patients with myocarditis or myocar- 
dial infarction are often the most acutely ill. Heart disease is more com- 
monly found in adolescents than in younger children who complain of 
chest pain, and adolescents represent the largest group of patients 
between 1 and 21 years of age who die suddenly of cardiac causes. 
Supraventricular and ventricular tachyarrhythmias can put adoles- 
cents at risk for sudden death. Supraventricular tachycardia (SVT), a 


TABLE 7.9 Causes of Pediatric Anginal 
Chest Pain 


Aortic stenosis 
Hypertrophic cardiomyopathy 


Coronary artery thrombosis 

Anomalous coronary artery location or anatomy 
Coronary vasospasm 

Mitral valve prolapse 


Modified from Place R, Vezzetti R. Pediatric and adolescent chest 
pain. Pediatr Emerg Med Pract. 2007;4:1-28. 
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narrow complex tachycardia, is the most common arrhythmia in chil- 
dren. Patients with pre-excitation, accessory pathways that cause an 
arrhythmia such as Wolff-Parkinson-White syndrome are at the 
highest risk for SVT. Ventricular tachycardia is a wide complex tachy- 
cardia that is often associated with mitral valve prolapse, viral myocar- 
ditis, or long QT syndrome. Chest pain caused by an arrhythmia is 
typically associated with palpitations and/or dyspnea but not necessar- 
ily with exercise. The pain is caused by an imbalance of myocardial 
oxygen supply and demand, subendocardial wall stress, and dimin- 
ished diastolic coronary perfusion. The pain itself is typically intermit- 
tent as most arrhythmias are inherently sporadic in their onset and 
resolution. 

Chest pain that increases during physical exertion or other stress 
and is relieved by rest, is often poorly localized to the substernal area, 
and can radiate to the left arm and/or jaw is secondary to a cardiac 
etiology. This pain is often referred to as anginal and can be secondary 
to ischemia, although ischemia is not common in children or adoles- 
cents. Other conditions that can cause anginal chest pain in children 
are listed in Table 7.9. Any sign of anginal chest pain should prompt 
investigation of obstructive, structural cardiac abnormalities and 
anomalies of the coronary arteries. Associated presyncope, syncope, 
and/or palpitations with these symptoms should significantly raise a 
provider’s suspicion for underlying cardiac disease, and a complete 
physical examination with an electrocardiogram is essential for further 
diagnostic evaluation. 

Structural abnormalities lead to chest pain through altered cardiac 
output, which can lead to syncope or death. Tables 7.10 and 7.12 review 
the signs, symptoms, and electrocardiogram findings of the structural 
cardiac abnormalities that can cause chest pain. 


TABLE 7.10 Structural Cardiac Abnormalities that Can Cause Chest Pain 


Signs and Symptoms 


Chest pain with associated dyspnea is brought on by exercise 

Patient history of syncope, presyncope 

seen in adolescence due to rapid growth of left ventricle in puberty 
Crescendo-decrescendo systolic ejection murmur from outflow tract gradient 


Chest pain is brought on intermittently 

Patient history of tiring easily, exertional dyspnea +/— syncope, cool 
extremities 

Signs of right heart failure is a late finding 

High-pitched, early diastolic decrescendo murmur (pulmonary regurgitation) 


Chest pain is brought on with exercise 

Patient history of syncope at late stages 

Harsh crescendo-decrescendo systolic murmur radiating to carotid arteries 
+/— thrill 

Chest pain that is vague, non-exertional, but most children are 
asymptomatic 

Patient history of postural hypotension, palpitations, or syncope 

Late to mid-systolic click preceding a systolic murmur 


Chest pain that is acute, present on anterior or posterior chest that can 
migrate to arms, abdomen and legs 

Patient history may include Marfan syndrome, Ehrlos-Danlos syndrome, 
previously healthy weight-lifting athletes 

High-pitched early diastolic decrescendo murmur (aortic regurgitation) 


Chest pain may be present but unclear due to patient age (for example, 
symptoms occur at 2-3 mo of age) 

Patient history of poor feeding, diaphoresis, tachycardia, irritability 

Signs of heart failure can be present 


ECG Diagnosis 


Prominent septal Ü wave, left 
ventricular hypertrophy, left 
axis deviation 


Hypertrophic cardiomyopathy 


Right ventricular hypertrophy Pulmonary Hypertension (often 
secondary to pulmonary 
stenosis or Eisenmenger 


complex) 


Left ventricular strain Aortic stenosis 


Normal, T-wave abnormalities 
Or prominent U waves 


Mitral valve prolapse 


Normal, can have low ORS Aortic dissection 


voltages 


Anterolateral myocardial 
infarction pattern with Q 
waves and ST changes 


Anomalous left coronary artery 
from pulmonary artery 
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TABLE 7.11 


Idiopathic (Presumed Viral) 


Infectious Agents 

Bacterial: Group A streptococci, Staphylococcus aureus, pneumococci, 
meningococci,” Haemophilus influenzae,* Salmonella species, 
Mycoplasma pneumoniae, Borrelia burgdorferi, Mycobacterium 
tuberculosis, rickettsiae, tularemia 

Viral’: Coxsackievirus (group A, B), echovirus, mumps, influenza, Epstein-Barr 
virus, cytomegalovirus, herpes simplex, herpes zoster, hepatitis B virus 

Fungal: Histoplasma capsulatum, Coccidioides immitis, Blastomyces 
dermatitidis, Cryptococcus neoformans, Candida species, Aspergillus 
species 

Parasitic: Toxoplasma gondii, Entamoeba histolytica, schistosomes 


Collagen Vascular-Inflammatory and 
Granulomatous Diseases 

Rheumatic fever 

Systemic lupus erythematosus (idiopathic and drug induced) 
Juvenile idiopathic arthritis (JIA) 

Kawasaki disease 

scleroderma 

Mixed connective tissue disease 

Reactive arthritis 

Inflammatory bowel disease 

Granulomatosis with polyangiitis 
Dermatomyositis 

Behçet syndrome 

Sarcoidosis 

Vasculitis 

Familial Mediterranean fever 

serum sickness 

Stevens-Johnson syndrome 


*Infectious or immune complex. 


Etiology of Pericarditis and Pericardial Effusion 


Traumatic 

Cardiac contusion (blunt trauma) 
Penetrating trauma 
Postpericardiotomy syndrome 
Radiation 


Contiguous Spread 
Pleural disease 

Pneumonia 

Aortic aneurysm (dissecting) 


Metabolic 
Hypothyroidism 
Uremia 

Gaucher disease 
Fabry disease 
Chylopericardium 


Neoplastic 

Primary 

Contiguous (lymphoma) 
Metastatic 

Infiltrative (leukemia) 


Others 

Drug reaction 

Pancreatitis 

Post—myocardial infarction 
Thalassemia 

Central venous catheter perforation 
Heart failure 

Hemorrhage (coagulopathy) 
Chylous 

Biliary-pericardial fistula 


‘Common (viral pericarditis or myopericarditis is probably the most common cause of acute pericarditis in a previously normal host). 


Acute pericarditis causes substernal chest pain that is sharp, stab- 
bing and aggravated by deep inspiration, coughing, or straining. 
Typical pericarditis pain is improved by being in the sitting position, 
and patients will avoid lying supine. There are many causes of pericar- 
ditis and/or pericardial effusion (see Table 7.11). Idiopathic or viral 
pericarditis has a preceding or accompanying flulike illness with myal- 
gias, arthralgias, and fever. Evaluation for acute pericarditis includes 
physical examination during which a 3 component pericardial rub 
(atrial systole, ventricular systole, diastolic filling) may be present on 
auscultation. Of note, this rub may disappear with the development of 
pericardial effusion. Electrocardiogram findings of acute pericarditis 
go through a 4-stage evolution. Stage 1, the most classic stage for 
diagnosis (Fig. 7.4), may reveal diffuse PR depressions with upright P 
waves followed by J-point ST elevations. The ST elevations noted in 
pericarditis are referred to as J-point elevations due to their upsloping 
“J” shape. Subsequently, stage 2 shows descent of the J-point elevations 
followed by stage 3 with T wave inversions. Stage 4 then shows restitu- 
tion back to the child’s baseline ECG. These J-point ST elevations are 
markedly different from ST elevations caused by cardiac ischemia, 
which are more dome-shaped (see Fig. 7.4). In pericarditis, in order to 
clarify the amount of pericardial fluid present and whether or not there 
is ventricular dysfunction, an echocardiogram is performed. 


Acute myocarditis often is caused by or follows viral infections. 
Symptoms of acute myocarditis include lethargy, pallor, low-grade 
fever, anorexia, chest or abdominal pain, and signs of congestive heart 
failure. ECG abnormalities tend to be diffuse and nonspecific, and 
complications of myocarditis include arrhythmias and conduction 
blocks. Patients with myocarditis have the propensity to become 
severely ill and often require inpatient or even intensive care 
hospitalization. 


® Physical Examination 


A physical examination can often confirm a medical provider’s suspi- 
cion of a particular diagnosis or diagnoses, especially when it comes 
to the complaint of chest pain. The cardiovascular assessment of chil- 
dren requires patience, thoroughness, and flexibility to adapt to 
children who may not desire you to examine them. All physical exami- 
nations for the complaint of chest pain should start with observing the 
child for general states of distress, pain with breathing, and interaction 
with parents. Vital signs can indicate the presence of pain by revealing 
signs of tachycardia and tachypnea, and can provide information 
regarding potential serious medical illness, including fever, hypoxia, or 
hypotension. Blood pressures should be obtained in upper and lower 
extremities, monitoring closely for a gradient between extremities. All 
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TABLE 7.12 Systolic Murmurs Important in the Diagnosis of Chest Pain 


Innocent ejection murmur Loudest left sternal border at base, 1-3 intensity, peaks early in systole; no Diminishes with standing and 
click, gallop, heave, or diastolic murmur Valsalva maneuver 


Valvular aortic stenosis Mild: 
Similar to innocent murmur but ejection click is possible 
Severe: 
Loudest over right second intercostal space, peaks late in systole; delayed 
carotid upstroke, thrill present; left ventricular heave; audible S, gallop; 
aortic insufficiency murmur may also be present 


Hypertrophic cardiomyopathy Loudest over left second intercostal space, peaks in midsystole; carotid Increases with standing or Valsalva 
upstroke brisk or bisferiens; no diastolic murmur maneuver; decreases on squatting 


Pulmonic stenosis Mild: 
Similar to innocent murmur but ejection click is possible 
Severe: 
Loudest over left second intercostal space; loud, widely split Sz; thrill present; 
right ventricular heave; ejection click at left second intercostal space 
Mitral valve prolapse Loudest at left sternal border and apex; mid- to late-systolic murmur; click Increases with standing after 
precedes murmur squatting and during expiration 


Pericarditis 


J-Point Depression PR Elevation 
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FIGURE 7.4 A, Acute pericarditis. Note diffuse J-point ST elevations and near ubiquitous PR segment 
depressions. B, Acute ST elevation myocardial infarction: Note dome-shaped, sometimes referred to as 
“tombstone shaped,” ST elevations in leads Il, Ill, and aVF with reciprocal ST depressions in leads |, aVL, 
and V,-V; consistent with an acute inferior wall myocardial infarction. (A from Spodick DH. Acute pericarditis: 
current concepts and practice. JAMA. 2003;289:1150-153; B from Hwang C, Levis JT. ECG diagnosis: 
ST-elevation myocardial infarction. Perm J. 2014;18:e133.) 
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vital signs should be evaluated in the context of reference ranges for a 
child’s age and height. 

A helpful physical exam finding is elicitation of chest wall tender- 
ness upon palpation of the thorax, which is pathognomonic for chest 
wall pain (see Fig. 7.1). Therefore, medical providers are encouraged 
to palpate over the chest including the ribs, intercostal areas, sternum, 
xiphoid, manubrium, axilla, clavicles, epigastric area, spinous pro- 
cesses, and paraspinal areas. Chest wall maneuvers can also be per- 
formed in order to better understand what muscle group is causing the 
pain (see Fig. 7.2). 

Palpation of the chest wall should be performed to identify the 
point of maximal intensity and to determine if there is a cardiac heave 
or thrill. Palpation of the abdomen should be done for tenderness 
and organomegaly. Both distal and proximal pulses should be felt for 
equality and caliber. After palpation, percussion should be done. 
Dullness to percussion can suggest consolidation, effusion, or atelec- 
tasis, whereas hyperresonance to percussion can suggest pneumotho- 
rax or asthma. 

Every medical provider should allow ample time for auscultation 
of the lungs and heart. Medical providers should follow a constant, 
systemic procedure for listening to heart sounds. Heart sounds include 
S;-S,. S; is caused by mitral and tricuspid valve closure, and S, is caused 
by aortic and pulmonary valve closure. The sounds caused by these 
valves opening are not heard in healthy individuals. Because the left- 
sided valves close before the right-sided valves, the S, heart sound can 
be physiologically split into the aortic valve and then the pulmonic 
valve closing during inspiration. S, and S, are harder to understand 
and hear. S; is a result of the deceleration of blood at the end of early 
rapid filling of the ventricles. An S; is normal in children with hyper- 
dynamic circulations (such as athletes) and thin chest walls (of note, 
in adults an S; is always abnormal). An S; is a result of deceleration of 
blood at the end of late rapid filling of the ventricles. Audible S, sounds 
are always abnormal, no matter what age the patient is. Therefore, a 
gallop rhythm (3 heart sounds) can be normal or abnormal. 

Subsequently, medical providers must listen to what occurs between 
S, and S,. A mid-systolic click is often an indicator of the mitral valve 
prolapsing into the left atrium. It can be a single click or series of clicks. 
Then, the medical provider should listen for heart murmurs. Heart 
murmurs can provide additional clinical evidence for potential cardiac 
causes of chest pain. Listening for heart murmurs should be performed 
with the patient supine, sitting, standing, squatting, and standing after 
squatting. Many murmurs increase in intensity with decreased ven- 
tricular filling or decreased afterload (standing, release of Valsalva, 
squatting); however, hypertrophic cardiomyopathy’s murmur does the 
opposite. It increases in intensity with the Valsalva maneuver and 
decreases with squatting. Of note, all diastolic murmurs or murmurs 
grade 3/6 or higher should be further evaluated with an echocardio- 
gram. The presence of a gallop rhythm or a friction rub can make an 
immediate cardiac diagnosis. A pericardial friction rub is a scratchy, 
high-pitched, to-and-fro sound caused by the inflamed pericardial 
surfaces rubbing together during cardiac motion and that is loudest 
when the patient is upright and leaning forward. 


Electrocardiogram 


An electrocardiogram may be helpful if there is a suggestive history 
and/or physical examination for potential cardiac disease. In the 
absence of a suggestive history and physical, the yield of an electrocar- 
diogram is considered low as it may be normal in patients with struc- 
tural heart disease or arrhythmias. Regardless, because of its relatively 
low cost and noninvasive nature, electrocardiograms should be per- 
formed in the evaluation of chest pain if there are any concerns dis- 
covered in the history assessment or physical examination. After a 


medical provider obtains an ECG, there are a few important principles 
to keep in mind. ECG findings are age-specific (for example, infants 
have a right ventricular-dominant ECGs and T waves are usually 
inverted), arrhythmias are often not found on routine ECGs, and pro- 
vider should be careful in using the “machine” read in regard to myo- 
cardial infarction, pericarditis, or long QT syndrome (the computer is 
prone to overdiagnosis). 


$ Further Diagnostic Testing 


One of the biggest challenges for primary care providers is when to 
refer to a cardiology subspecialist. Cardiac consultation is reasonable 
for any child with red-flag symptoms, specifically chest pain associated 
with exertion, syncope with exertion, chest pain with concurrent pal- 
pitations, abnormal findings on cardiac examination or ECG, a history 
of cardiac surgery/intervention, or a high-risk family history. If a 
patient has chest pain with concurrent fever or signs of hemodynamic 
instability, the child should be referred to the emergency department 
for further evaluation for myocarditis. 

When the previous evaluation results in a positive screening result, 
echocardiogram is the diagnostic test of choice for further assessment. 
However, of note, referral to a cardiologist is generally more cost- 
effective than obtaining an echocardiogram without a cardiologist. 
An echocardiogram should be obtained urgently if there are signs of 
cardiac tamponade (hypotension, tachycardia, pulsus paradoxus) or 
poor cardiac output. It is also useful if mitral valve prolapse, valvular 
heart disease, hypertrophic cardiomyopathy, septal defects, endocardi- 
tis, or pericarditis is suspected. 

Other diagnostic modalities can include chest radiographs, exercise 
stress tests, and Holter monitors. A chest radiograph is helpful if there 
is a clinical finding that needs further investigation, such as a history 
of trauma or fever. Other than pulmonary disease, a chest radiograph 
can note cardiomegaly or pneumothoraces. Regardless, a chest radio- 
graph in the absence of febrile illness or trauma has not been shown 
to be largely beneficial as the likelihood of finding bone or intratho- 
racic abnormalities in the absence of these features is low. Exercise 
stress tests should be reserved for anginal cardiac pain in the setting of 
other normal testing. Due to the difficulty of determining anginal chest 
pain in the pediatric population, there has been an increased frequency 
of exercise stress tests ordered. However, medical providers should 
remember that in the setting of chest pain with a normal echocardio- 
gram evaluation, an exercise stress test has low yield. A 24-hour Holter 
monitor or a 30-day loop recorder only should be utilized if an 
arrhythmia is suspected but the resting electrocardiogram is normal. 
Testing for other underlying abnormalities as the cause of noncardiac 
chest pain can include pulmonary function testing and/or methacho- 
line challenge testing as well as esophageal manometry testing. 

Laboratory testing for biochemical markers of cardiac damage is 
used extensively in the adult population, primarily to diagnose and 
assist in management of acute myocardial infarction. In pediatrics, 
they are not often utilized. Biochemical markers include the MB iso- 
enzyme of creatine kinase (CK-MB) and troponin T. In adults, the MB 
isoenzyme of creatine kinase often is only measured if the troponin T 
is found to be elevated. Troponin T is a protein present in high con- 
centrations in the myocardium but not in other tissues and is released 
rapidly after myocardial injury in direct proportion to the extent of 
injury. Troponin T has a high specificity and a low sensitivity for myo- 
cardial injury; therefore false positives often occur, especially in pedi- 
atrics where the prevalence of myocardial ischemia and injury is 
extremely low. In general, nonischemic causes for elevated troponin 
have not been well studied in children. Multiple studies have noted that 
troponin T shows elevation in postoperative cardiac surgery patients 
and in diagnoses of myocarditis. Cut off values have not been well 


defined; however, low-level troponin T elevations can signify serious 
disease in children, as opposed to adults where these small elevations 
would be considered insignificant. Selective use of the troponin assay 
may be useful in conjunction with the presence of ECG abnormalities. 
Additional studies in pediatrics are continually ongoing regarding the 
potential usefulness of cardiac biochemical markers in diseases with 
muscle breakdown such as Duchenne muscular dystrophy or in deter- 
mining subtle cardiac dysfunction after convulsive seizures. 


$ Treatment 


Medical providers should refer patients to cardiology specialists if 
cardiac etiologies are still a concern after thorough history, physical, 
and necessary ancillary studies such as electrocardiograms. Unfortu- 
nately, a precise diagnosis is not made in a high percentage of cases. 
It is up to the medical provider to carefully deal with uncertainty, 
not over-test or over-refer, and provide ongoing care that minimizes 
anxiety. Most importantly, if a noncardiac etiology is the highest 
consideration, medical providers should thoughtfully provide exten- 
sive reassurance that includes a symptomatic treatment approach 
and a plan for appropriate follow-up. It is of the utmost importance 
that providers provide this reassurance and follow-up to avoid a 
chronic course of chest pain with potential disability. Of note, families 
should be specifically asked about school absenteeism so that 
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recommendations for returning to school can be given. Treatment 
plans should be tailored to both the most likely diagnosis and the 
patient’s individual concerns. Musculoskeletal chest pain can be treated 
with heat, anti-inflammatory medications, or specific exercises. Respi- 
ratory causes of chest pain require aggressive therapies for the under- 
lying cause, most frequently reactive airway disease. Psychogenic 
causes of chest pain are perhaps the hardest to treat, often requiring 
consultation with behavioral pediatricians, counselors, and/or psy- 
chologists. Primary care providers can start this treatment by having 
their patients keep pain diaries to help facilitate follow-up discus- 
sions. Gastrointestinal causes of chest pain can be diagnosed and 
treated with a trial of H,-blocking agents or proton pump inhibitors 
in addition to reflux precautionary behaviors such as avoiding foods 
that worsen the symptoms, not eating close to bedtime, and elevating 
the head of the bed at night. 

Overall, because etiologies of chest pain are so often multifactorial 
and require ongoing evaluation and treatment, the primary care physi- 
cian must stay actively involved in the patient’s care over time. 
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Murmurs 


Andrew N. Pelech 


Most heart murmurs are normal or innocent, and must be distin- 
guished from pathologic murmurs of congenital or acquired cardiac 
diseases. Whereas less than 1% of the population has structural con- 
genital cardiac disease, as many as 85% of the population has a heart 
murmur sometime during childhood. The causes of cardiac murmurs 
are often influenced by the age of the patient at presentation (Table 
8.1). The causes of congenital heart disease are varied and include 
genetic disorders, syndrome complexes (Table 8.2), metabolic disor- 
ders, and teratogenesis. The causes of acquired heart diseases in chil- 
dren include rheumatic fever, endocarditis, and cardiac injury caused 
by systemic illnesses. 


THORAX 


Knowing the location of the heart chambers and valves within the 
thorax helps in the interpretation of heart sounds (Fig. 8.1). The left 
atrium is located posteriorly, close to the spine. The right atrium and 
right ventricle are located anteriorly, immediately beneath the sternum. 
The outflow tract of the right ventricle, which contains the pulmonary 
valve, rises to the left of the sternum. The parts of the left side of the 
heart that are close to the chest wall include the left ventricular apex 
and the ascending aorta as it passes up to the right of the sternum. In 
other areas, lung tissue lies between the heart and chest wall. This may 
diminish or distort the intensity of heart sounds. 


ORIGINS OF THE HEART SOUNDS 


Normal heart sounds originate from vibrations of heart valves when 
they close and from heart chambers when they fill or contract 
rapidly. The amount of pressure that forces the valve closure influ- 
ences the intensity of a heart sound. Other mechanical factors such 
as valve stiffness, thickness, and excursion have less effect on sound 
intensity. 

Cardiac murmurs are the direct result of blood-flow turbulence. 
The amount of turbulence and consequently the intensity of a cardiac 
murmur is directly proportional to both the pressure difference or 
gradient across a narrowing or defect and the blood flow or volume 
moving across the site. 

As sound radiates from its source, sound intensity diminishes with 
the square of the distance. Consequently, heart sounds should be 
loudest near the point of origin. However, other factors influence this 
relationship. Sound passage through the body is affected by the trans- 
mission characteristics of the tissues. Fat has a more pronounced 
dampening effect on higher frequencies than does more dense tissue 
such as bone. If the difference in tissue density is significant—for 
example, between the heart and lungs—more sound energy is lost. 
Only the loudest sounds may be heard when lung tissue is positioned 
between the heart and chest wall. 

In contrast to intensity, the frequency of a cardiac murmur is pro- 
portional to pressure difference or gradient across a narrowing alone. 
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CARDIAC CYCLE 


Cardiac sounds and murmurs that arise from turbulence or vibrations 

within the heart and vascular system may be innocent or pathologic. 

It is important to understand the timing of events in the cardiac cycle 

as a prerequisite to understanding heart murmurs. The relationship 

between the normal heart cycle and that of the heart sounds is noted 

in Fig. 8.2. 

The cardiac cycle begins with atrial systole, the sequential activa- 
tion and contraction of the 2 thin-walled upper chambers. Atrial 
systole is followed by the delayed contraction of the more powerful 
lower chambers, termed ventricular systole. Ventricular systole has 3 
phases: 

1. Isovolumic contraction: the short period of early contraction when 
the pressure builds within the ventricle but has yet to rise suffi- 
ciently to permit ejection 

2. Ventricular ejection: when the ventricles eject blood to the body 
(via the aorta) and to the lungs (via the pulmonary artery) 

3. Isovolumic relaxation: the period of ventricular relaxation when 
ejection ceases and pressure falls within the ventricles 
During ventricular contraction, the atria relax (atrial diastole) and 

receive venous return from both the body and the lungs. Then, in 

ventricular diastole, the lower chambers relax, allowing initial passive 
filling of the thick-walled ventricles and emptying of the atria. Later, 
during the terminal period of ventricular relaxation, the atria contract. 

This atrial systole augments ventricular filling just before the onset of 

the next ventricular contraction. 

The sequence of contractions generates pressure and blood flow 
through the heart. The relationship of blood volume, pressure, and 
flow determines opening and closing of heart valves and generates 
characteristic heart sounds and murmurs. 


CHANGES IN THE CIRCULATION AT BIRTH 


An understanding of the fetal, transitional, and neonatal adaptations 
of the circulation is important in the evaluation of the pediatric car- 
diovascular system, because many organic heart diseases are evident in 
association with the circulatory changes occurring at birth. The major- 
ity of significant structural congenital heart disease is recognized in the 
first few weeks of life. The age at recognition or referral often dictates 
the nature of the cardiac anomaly and the urgency with which assess- 
ment is necessary. 

In the fetus (Fig. 8.3), oxygen is derived from the placenta and 
returns via the umbilical vein and through the ductus venosus to enter 
the inferior vena cava and right atrium. Preferentially, flow is directed 
across the foramen ovale to enter the left atrium and, subsequently, the 
left ventricle. Deoxygenated blood returning from the superior vena 
cava and upper body segment is preferentially directed by the flap of 
the eustachian valve to enter the right ventricle and then, via the ductus 
arteriosus, to enter the descending aorta to return via the umbilical 
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TABLE 8.1 Causes of Heart Murmurs 


Neonate* Older Child 


Congenital valvular obstruction 
Ejection murmurs (normal) 
Repaired congenital heart disease 
Anemia 

Mitral valve prolapse 

Venous hum 

Bacterial endocarditis 

Rheumatic fever 

Marfan syndrome 


Infant 


Transient patency of the ductus arteriosus 

Peripheral pulmonic stenosis 

Cyanotic congenital heart disease 

Congenital valvular obstruction 

Arteriovenous malformation (CNS, hepatic, pulmonary) 
Anemia 

Asphyxia-related myocardial ischemia (transient TI 


Congenital heart disease 
(LR shunt or RL shunt)! 

Ejection murmurs (normal) 

Anemia 

Arteriovenous malformation 

Infective endocarditis 

Kawasaki disease 

Hunter syndrome 

Hurler syndrome 


or Ml) 


Fabry syndrome 


Prosthetic valves 

Obstructive (hypertrophic) cardiomyopathy (subaortic stenosis) 
Carotid or abdominal bruit 

Tumor (atrial myxoma) 

Thyrotoxicosis 

systemic lupus erythematosus 

Pericardial friction rub 


*Common causes of congenital heart disease in low-birth-weight infants include PDA, VSD, tetralogy of Fallot, coarctation of the aorta- 
interrupted aortic arch, hypoplastic left heart syndrome, heterotaxy, and dextrotransposition of the great arteries, in that order. Common causes 
of congenital heart disease in term infants include VSD, dextrotransposition of the great arteries, tetralogy of Fallot, coarctation of the aorta, 
pulmonary stenosis, hypoplastic left heart syndrome, and PDA; other causes represent a smaller percentage. 

‘The relative percentages of congenital heart lesions are VSD (25-30%); ASD (6-8%); PDA (6-8%); coarctation of aorta (5-7%); tetralogy of Fallot 
(5-7%); pulmonary valve stenosis (5-7%); aortic valve stenosis (5-7%); dextrotransposition of great arteries (8-5%); and hypoplastic left ventricle, 
truncus arteriosus, total anomalous venous return, tricuspid atresia, single ventricle, and double-outlet right ventricle representing 1-3% each. 
Other and more complex lesions (forms of heterotaxy) together represent 5-10% of all lesions. 

ASD, atrial septal defect; CNS, central nervous system; L, left; MI, mitral insufficiency; PDA, patent ductus arteriosus; R, right; Tl, tricuspid 


insufficiency; VSD, ventricular septal defect. 


arteries to the placenta. The pressures within both ventricles are essen- 
tially equal, inasmuch as both chambers pump to the systemic circula- 
tion. However, in utero, the right ventricle does the majority of the 
work, pumping 66% of the combined cardiac output. At transition (see 
Fig. 8.3), with the first breath, pulmonary arterial resistance begins to 
fall as the lungs begin the process of respiration. Pulmonary venous 
return to the left atrium closes the flap of the foramen ovale. Through 
mechanical and chemical mechanisms, the ductus arteriosus begins to 
close. In the normal full-term infant, this is accomplished by 10-15 
hours after birth. Intermittent right-to-left atrial level shunting through 
the foramen ovale may occur, particularly if pulmonary vascular resis- 
tance fails to drop. In addition, structural cardiac abnormalities neces- 
sitating patency of the ductus arteriosus for maintenance of either 
pulmonary blood flow (pulmonary atresia) or systemic blood flow 
(hypoplastic left heart syndrome) most often manifest within the first 
few days of life. Thus, the time when a pediatric patient presents for 
evaluation is influenced by the spectrum of heart diseases. Ductus- 
dependent abnormalities, such as pulmonary atresia, transposition of 
the great arteries, coarctation of the aorta, hypoplastic left heart syn- 
drome, or significant outflow obstructions (e.g., critical aortic valve 
stenosis) manifest in the first few days after birth. In the absence of an 
associated anomaly, hemodynamically significant ventricular septal 
defects (VSDs) seldom manifest before 2-4 weeks after birth. Atrial 
septal defects (ASDs) are seldom symptomatic in infancy. 


NORMAL INTRACARDIAC PRESSURES 


In the child after birth and successful transition, resistance to flow in 
the pulmonary circuit is much lower than in the systemic circuit. 
Therefore, the pressures in the right-sided chambers are lower than 


those in the left-sided chambers. The higher values (see Fig. 8.3) reflect 
pressures during ventricular systole in a normal heart. Pressure in the 
great vessels during systole is identical to that in the corresponding 
ventricles. This changes if there is outflow obstruction. In ventricular 
diastole, the semilunar valves (aortic and pulmonary) close. Resistance 
to blood flow in the vascular bed determines the diastolic pressures in 
the great arteries. The thin-walled atria generate much lower pressures 
than do the ventricles, both during the phase of passive atrial filling 
(v wave) and during atrial contraction (a wave). Only the mean (m) 
or average atrial pressure is shown in Fig. 8.3. During ventricular 
relaxation, the diastolic pressures are lower than those in the atria, 
enabling filling. Knowledge of the cardiac cycle is important in under- 
standing the more complicated hemodynamics and flow patterns of 
specific cardiac abnormalities. 


PEDIATRIC CARDIOVASCULAR EVALUATION 
® History 


Historical assessment of the pediatric patient referred for evaluation 
of a cardiac murmur should include questions about the family history, 
the pregnancy, and perinatal course, in addition to questions about 
symptoms of cardiovascular disease. An index of exercise or play 
capacity should be sought, as should an assessment of growth and 
development. The presence of congenital abnormalities of other major 
organ systems is associated with structural cardiac problems in as 
many as 25% of patients. 

Structural heart disease is frequently seen in association with recog- 
nizable syndromes (see Table 8.2). Children with clearly definable chro- 
mosomal disorders known to have a significant incidence of structural 
cardiac abnormalities, such as Down or Turner syndromes, are usually 
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(See Nelson Textbook of Pediatrics, p. 2799.) 


TABLE 8.2 Syndromes or Syndrome Complexes Associated with Congenital Heart Disease 


Syndrome 

Alagille (arteriohepatic dysplasia) 
Asplenia 

Carpenter 

Cat eye 

Char 

CHARGE 

de Lange 

Down (Trisomy 21) 

Ellis-van Creveld 

Fanconi 

Fetal alcohol 

Fragile X 

Goldenhar 

Holt-Oram 
Hydantoin/phenytoin embryopathy 
Infant of diabetic mother 
Laurence-Moon 

Marfan 

Mulibrey nanism 

Multiple lentigines (LEOPARD) 
Noonan 

PHACE 

Pierre Robin 

Polycystic kidney disease 
Polysplenia 

Rubella 

Rubinstein-laybi 

ocimitar 

smith-Lemli-Opitz 


Thrombocytopenia—absent radius (TAR) 


Trisomy D 

Trisomy E 

Turner 

VACTERL (VATER) 
Valproate 

Velocardiofacial 

Williams (7911.23 deletion) 
Wolf-Hirschhorn 
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Dominant Cardiac Defect 

Peripheral pulmonary stenosis 

Complex cyanotic heart disease, anomalous veins, pulmonary atresia 
Patent ductus arteriosus, ventricular septal defect 

Total anomalous pulmonary venous return 

Patent ductus arteriosus 

Ventricular, atrioventricular, and atrial septal defects 

Tetralogy of Fallot, ventricular septal defect 


Artioventricular septal defects, ventricular septal defect, patent ductus arteriosus 


Single atrium, endocardial cushion defects 

Patent ductus arteriosus, ventricular septal defect 

Ventricular septal defect, atrial septal defect, tetralogy of Fallot 
Mitral valve prolapse, aortic root dilation 

Tetralogy of Fallot 

Atrial or ventricular septal defect 

Atrial or ventricular septal defect, coarctation of aorta 

Hypertrophic cardiomyopathy, ventricular septal defect 

Tetralogy of Fallot, ventricular septal defect 

Aortic root dissection, mitral valve prolapse 

Pericardial thickening, constrictive pericarditis 

Pulmonary stenosis 

Pulmonic stenosis (dysplastic valve), atrial septal defect 

Coarctation of aorta, ventricular septal defect, patent ductus arteriosus 
Coarctation of aorta 

Mitral valve prolapse 

Complex acyanotic lesions, azygos continuation 

Patent ductus arteriosus, peripheral pulmonary stenosis 

Patent ductus arteriosus 

Hypoplasia of the right lung, anomalous pulmonary drainage 
Ventricular septal defect, patent ductus arteriosus 

Atrial septal defect, tetralogy of Fallot, ventricular septal defect 
Ventricular septal defect, patent ductus arteriosus, atrial septal defect 
Ventricular septal defect, patent ductus arteriosus, atrial septal defect 
Coarctation of aorta, bicuspid aortic valve 

Ventricular septal defect, tetralogy of Fallot 

Coarctation of aorta, hypoplastic left heart syndrome 

Ventricular septal defect, right aortic arch 

Supravalvular aortic stenosis, peripheral pulmonary stenosis 

Atrial septal defect, ventricular septal defect 


22q11.2 deletion syndrome Tetralogy of Fallot, interrupted aortic arch, ventricular septal defect, truncus arteriosus 


CHARGE, coloboma, heart disease, atresia choanae, retarded growth and development or central nervous system anomalies, genital hypoplasia, 
and ear anomalies and/or deafness; LEOPARD, lentigines, electrocardiographic conduction defects, ocular hypertelorism, pulmonary stenosis, 
abnormalities of the genitals, retarded growth, deafness; PHACE, posterior fossa malformations, hemangiomas, arterial anomalies, coarctation of 
aorta, and eye abnormalities; VACTERL, vertebral abnormalities, anal atresia, cardiac abnormalities, tracheoesophageal fistula and/or esophageal 
atresia, renal agenesis and dysplasia, and limb defects; VATER, vertebral defects, imperforate anus, tracheoesophageal fistula, and radial and 
renal dysplasia. 


referred for further diagnostic evaluation. Family history of sudden A maternal history of gestational diabetes mellitus may be associ- 
unexplained death, rheumatic fever, sudden infant death syndrome, or ated with a transient hypertrophic cardiomyopathy in as many as 30% 
a structural cardiac abnormality in a first-degree relative may be rele- of infants of these mothers, as well as with definable congenital struc- 
vant. Hypertrophic cardiomyopathy in a first-degree relative is associ- tural abnormalities. Additional relevant pregnancy history may include 
ated with a high incidence of inheritance, and this condition is the presence of chronic or acute maternal illness, congenital infections, 


sufficiently subtle that echocardiographic screening is mandatory. or medication use, any of which may be associated with significant 


FIGURE 8.1 Location of the heart within the thorax. The right atrium 
and right ventricle lie immediately beneath the sternum. The left atrium 
lies posteriorly against the spine. The left ventricle extends laterally 
toward the chest wall, whereas the left ventricular outflow tract extends 
to the right side of the sternum, going upward toward the cardiac base. 
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FIGURE 8.2 The cardiac cycle. Relationship among electrical and 
mechanical events, valvular motion, heart sounds (S4, Sz, S3, and S3), 
the jugular pulse wave (JP), and the apexcardiogram (ACG). AC and AO, 
aortic component and opening; ECG, electrocardiogram; IR, isovolumic 
(isochronic) relaxation wave; MC and MO, mitral component and 
opening; O, opening of mitral valve; OS, opening snap of atrioventricular 
valves; PC and PO, pulmonic component and opening; RFW, rapid-filling 
wave; SFW, slow-tilling wave; TC and TO, tricuspid component and 
opening. (From Tilkian AG, Conover MB. Understanding Heart Sounds 
and Murmurs: With an Introduction to Lung Sounds. 3rd ed. Philadel- 
phia: WB Saunders; 1993.) 
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structural heart disease. Unexplained fever, lethargy, a history of intra- 
venous drug use, or additional symptoms arising after recent dental 
work should arouse suspicion of possible endocarditis. 


SYMPTOMS AND SIGNS OF HEART DISEASE 


The general health of a child with a suspected cardiac malformation 
is important. Particularly relevant are the rate of growth, development, 
and history of past illnesses. Although symptoms of failure to thrive 
are nonspecific, patterns of growth reflect duration and severity of 
the disease and effectiveness of treatment (see Chapter 9). In an infant, 
feeding difficulties are often the first evidence of congestive heart 
failure. Feeding problems are common manifestations of cardiac 
disease and may be evidenced as disinterest, excessive fatigue, long 
feeding duration, diaphoresis, tachypnea, dyspnea, or a change in the 
pattern of respiration. It is important to obtain a measure of caloric 
intake by quantitating the number and/or volume of feedings. Some 
index of exertional tolerance should be sought in all children as an 
index of cardiovascular fitness and a sign of functional capability. 
This index should be age relevant and, in an infant, might include 
assessment of the vigor and duration of feeding and the time period 
of interactive play. In a toddler, the index might include ability to 
keep up with peers, climb stairs, or walk for extended periods. In an 
older child, a comparison with peer sporting interactions, level of 
function in physical education, and an index of aerobic ability should 
be sought. 

Respiratory rates should be assessed in the quiet infant (Table 8.3). 
The rate and pattern of breathing should be assessed for a full minute, 
because rates may vary considerably with activity and feeding. Tachy- 
pnea may occur as a consequence of increased pulmonary blood flow. 
With increasing pulmonary congestion, particularly obstruction to 
pulmonary venous drainage, dyspnea is manifested as an anxious look 
with grunting, flaring of the alae nasi, and intercostal, suprasternal, and 
subcostal retractions. Cardiac asthma or exercise-inducible reactive 
airway disease may occur as a consequence of passive or active pulmo- 
nary congestion (see Chapter 3). Compression of airways by plethoric 
vessels may contribute to the stasis of secretions and atelectasis, which 
predisposes to respiratory tract infections. 

Cyanosis in association with a cardiac murmur suggests a struc- 
tural lesion with restriction to pulmonary blood flow (Table 8.4). 
Cyanosis, or a blue discoloration of the skin and mucous membranes, 
is a consequence of reduced hemoglobin (>5 g/dL), and is evident in 
one third of infants with potentially lethal congenital heart disease. 
Central cyanosis is distinguished from acrocyanosis or peripheral cya- 
nosis by involvement of the warm mucous membranes, including the 
tongue and buccal mucosa. Acrocyanosis or peripheral cyanosis is gen- 
erally confined to the perioral and perinasal regions, extremities, or 
nail beds and occurs in the child who is cold, vasoconstricted, or at 
rest. A distinctive feature is that central cyanosis generally worsens with 
activity and increasing cardiac output, whereas acrocyanosis generally 
improves or resolves with increased activity. 


® Physical Examination 

Overall Appearance 

Height and weight should be measured and plotted on a growth chart. 
An assessment of the child’s overall growth, appearance, and state of 
distress serves as a guide to the urgency of further investigation and 
management. The sick infant often appears anxious, fretful, diapho- 
retic, pale, or breathless and is seldom consolable. Observe for cyanosis, 
pallor, digital clubbing, an abnormal pattern of respiration, and pos- 
sible dysmorphic features, which may suggest specific structural 
cardiac anomalies. 
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(See Nelson Textbook of Pediatrics, p. 2261.) 
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IVC 


C 


FIGURE 8.3 Fetal (A), transitional (B), and neonatal (C) circulations. The course of the circulation in the heart 
and great arteries of the late-gestation fetal lamb, within a few hours of delivery and as a newborn, are pre- 
sented. The figures in the circles within the chambers and vessels represent percent oxygen saturation. The 
numbers alongside the chambers and vessels are pressures in mm Hg related to amniotic fluid pressure as 
zero. Ao, aorta; DA, ductus arteriosus; IVC, inferior vena cava; LA, left atrium; LV, left ventricle; m, mean; PA, 
pulmonary artery; PV, pulmonary vein; RA, right atrium; RV, right ventricle; SVC, superior vena cava. (Modified 
from Rudolph AM. Chapters 2 and 3. In: Congenital Disease of the Heart. Chicago: Year Book Medical; 1974.) 


Vital Signs 


Normal resting heart rates and respiratory rate values for age are pre- 
sented in Table 8.3. Blood pressure should be measured manually using 
an appropriately-sized cuff. Every child should have a comparison of 
upper and lower blood pressures on at least one occasion. The lower 


limb systolic blood pressure is normally 10 mm Hg higher than the 
upper limb pressure in older children. On occasion, the subclavian 
arteries may arise aberrantly beyond the site of ductal ligament inser- 
tion. Therefore, both upper limb pressures should be measured and 
compared with the lower limb pressure. Normal values for blood pres- 
sure in children are presented in Fig. 8.4. 
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TABLE 8.3 Normal Values of Respiratory and Heart Rates in Infants and Children 


AGE 


Birth-6 Weeks 6 Weeks-2 Years 2-6 Years 


6-10 Years 


p x x - Older Than 10 Years 


Respiratory rate 45-60/min 40/min 30/min 


Heart rate 125 + 30/min 115 a= 257 


100 + 20/min 


25/min 20/min 
90 + 15/min 85 + 15/min 


TABLE 8.4 Categories of Cyanotic Heart Lesions in the Neonate 


Group Heart Size 


| Small Reduced No None 


small or slight Increased No 


cardiomegaly 
Large Increased Yes Yes 


small Pulmonary venous congestion Yes Yes 


LV, left ventricle; RV, right ventricle; VSD, ventricular septal defect. 


Moderate 


Pulmonary Blood Flow Low Cardiac Output Respiratory Distress Examples 


Hypoplastic RV with pulmonary 
atresia 

Hypoplastic RV with tricuspid atresia 

Tetralogy of Fallot (severe) 


Transposition of great arteries with 
Intact ventricular septum 

Complicated coarctation of aorta 
with VSD, hypoplastic LV 

Obstructed total anomalous 
pulmonary veins 


Modified from Gillette PC. The cardiovascular system. In: Behrman RE, Kliegman RM, eds. Nelson Essentials of Pediatrics. 2nd ed. Philadelphia: 


WB Saunders; 1994:503. 
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FIGURE 8.4 Normal blood pressure percentiles for boys (A) and girls (B), aged 2-18 years. The Korotkoff 
IV sound is used for diastolic blood pressure. (Modified from the National Heart, Lung, and Blood Institute. 
Report of the second task force on blood pressure control in children, 1987. Pediatrics 1987;79:1.) 
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Respiratory Assessment 


Respiratory distress may suggest cardiac disease. In addition to noting 
the rate, depth, and effort of respiration, the inspection should include 
observation for evidence of air trapping, increased chest diameter, or 
the presence of subcostal Harrison sulci as an indication of chronic 
upper airway obstruction. An allergic malar facies may also suggest 
upper airway obstructive disease with predisposition to hypercapnia 
and pulmonary hypertension. Although crackles in the lungs in infants 
and even young children usually indicate infection, pulmonary edema 
should also be a consideration. 


CARDIOVASCULAR ASSESSMENT 


Arterial Examination 


Pulses should be assessed for rate, rhythm, volume, and character. The 
dynamic character of the pulse may provide information about the 
cardiac output. A clinical index of cardiac output includes the warmth 
of the digits and measured capillary refill time. This is obtained by 
blanching the nail beds or digits and estimating the time to full reper- 
fusion, which is normally less than 2 seconds. Initially, the radial and 
brachial pulses should be assessed simultaneously in the upper limb. 
By palpating the pulse at 2 sites and altering the pressure applied by 
the palpating fingers, a more accurate assessment of the rate of rise, 
volume, and contour may be obtained. Assessment of the femoral pulse 
requires that the infant be quiet. Palpating parallel to the inguinal 
crease and allowing the leg to continue to flex is generally more effec- 
tive than extending the leg. Blood pressures in the arm and leg should 
be assessed, and the radial and femoral pulses should be palpated 
simultaneously. Whenever possible, the radial pulse should be brought 
in close apposition to the femoral pulse to compare for any delay. This 
enables a more accurate appreciation of any temporal delay and 
enables more accurate detection of the presence of coarctation of the 
aorta. The presence of a palpable femoral pulse is by itself an inade- 
quate screen for coarctation because a widely patent ductus arteriosus 
(PDA) or collateral vessels (particularly in the older patient) may 
provide delayed perfusion. Previous arterial instrumentation, injury, 
or congenital variability may account for reduction in palpable periph- 
eral pulses. 


Venous Examination 


In infants and young children, the liver character and size offer more 
reliable indicators of right atrial pressure and systemic congestion than 
does the jugular venous pressure. The position, size, and consistency 
of the liver should be assessed. The character of the normal liver 
margin is generally likened to that of the cartilage of the external pinna, 
and the margin should be sharp and angulated. In the newborn, the 
liver may be normally palpable at 1.5-2.5 cm below the right costal 
margin in the midclavicular line. This distance decreases to approxi- 
mately 1-2 cm by 1 year of age and remains just palpable until school- 
entrance age. In the presence of congestive heart failure, the liver 
enlarges and distends downward. The congested liver margin becomes 
rounded and firm and is often more difficult to feel. An enlarged liver 
may be tender, and aggressive palpation may cause discomfort and 
tensing of the abdominal musculature, making accurate assessment 
difficult. A transverse liver is suggestive of a heterotaxy syndrome with 
abnormal abdominal organ location (situs abnormalities) and complex 
congenital heart lesions. The spleen should always be sought; enlarge- 
ment suggests endocarditis in the patient with a heart murmur. Splenic 
enlargement in association with congestive heart failure is unusual (see 
Chapter 17). 


Precordial Examination 


Inspection of the chest may suggest the presence of a precordial bulge 
of long-standing right ventricular volume overload. The examiner’s 
entire palm and hand should be warmed and then fully applied to the 
patient’s chest wall to maximize ability to detect thrills or heaves. 
Whereas the examiner’s fingertips are best utilized to localize an abnor- 
mality, the palmar surface of the metacarpals and first phalanges are 
more sensitive for the detection of low-frequency events. The fingertips 
should be used to localize the most lateral displacement of the apical 
impulse. In patients of all ages, the apical impulse should be confined 
to one intercostal interspace and would be described as localized; 
however, if the apical impulse is equally dynamic in 2 or more inter- 
spaces then it is best described as diffuse. In the neonate, a right ven- 
tricular impulse may be felt close to the sternum. Later in life, the same 
degree of parasternal activity is likely to suggest pulmonary hyperten- 
sion, right-sided heart volume overload, or right ventricular outflow 
obstruction. The lateral displacement of the apex, normally located in 
the midclavicular line, should be compared to existing landmarks. A 
dynamic or thrusting character to an apical impulse may be detected 
in association with an elevated cardiac output or various forms of 
obstruction to left ventricular outflow. On occasion, an apical filling 
impulse, coinciding with an audible S}, may be normally palpable, 
particularly in the adolescent or athlete with a relative bradycardia and 
increased stroke volume. 

A thrill is a palpable murmur and should be sought in the precor- 
dial and suprasternal areas. The palmar surface of the examiner’s hand 
is most sensitive in detection of a thrill; however, only the tips of the 
digits fit in the patient’s suprasternal notch. A palpable second heart 
sound (S,), indicative of a significant level of pulmonary hypertension, 
may be detected as a sharp or distinctive impulse in the pulmonary 
outflow. 


Auscultation 


Thorough auscultation in the cooperative patient may take as long as 
5-10 minutes and should include listening in the principal areas of the 
precordial auscultation (tricuspid, pulmonary, mitral, and aortic) with 
both the bell and diaphragm of the stethoscope, with the patient in the 
supine, sitting, and standing positions. These 4 areas serve as a guide 
to auscultation of the heart (Fig. 8.5). These are the optimal sites for 
listening to sounds that arise within the chambers and great vessels: 

1. The tricuspid area is represented by the fourth and fifth intercostal 
spaces along the left sternal edge but extends to the right of the 
sternum as well as downward to the subxiphisternal area. 

2. The pulmonary area is the second intercostal space along the left 
sternal border. Murmurs that are best heard in this area may also 
extend to the left infraclavicular area and often lower, along the left 
sternal edge to the third intercostal space. 

3. The mitral area involves the region of the cardiac apex and generally 
is at the fifth intercostal space in the midclavicular line. This area 
may also extend medially to the left sternal edge and laterally to the 
region of the axilla. 

4. The aortic area, although centered at the second right intercostal 
space, may extend to the suprasternal area, to the neck, and inferi- 
orly to the third left intercostal space. The margins of these areas 
are ill defined, and auscultation should not be limited to these sites 
and may extend to the axillae, neck, back, or infraclavicular areas. 
A step-by-step auscultation—first for heart sounds, subsequently 

for systolic murmurs, and then separately for diastolic murmurs—is 

essential. The ability to clearly characterize the S, is perhaps more 
crucial than for any other sound; the effects of respiration are impor- 
tant. The components of the S; in childhood are normally split with 
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Pulmonary valve stenosis 

Atrial septal defect 

Pulmonary ejection murmur, innocent 
Pulmonary flow murmur of newborn 
Pulmonary artery stenosis 

Aortic stenosis 

Coarctation of the aorta 
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FIGURE 8.5 Diagram showing systolic murmurs audible at various locations. Less common conditions are 
shown in smaller type. AS, aortic stenosis; ECD, endocardial cushion defect; HOCM, hypertrophic obstructive 
cardiomyopathy; IHSS, idiopathic hypertrophic subaortic stenosis; PAPVR, partial anomalous pulmonary 
venous return; TAPVR, total anomalous pulmonary venous return. (From Park MK. Park’s Pediatric Cardiology 
for Practitioners. 6th ed. Philadelphia: Elsevier; 2014:33, Figure 2-12.) 


inspiration and become single on expiration. A loud pulmonary 
closure sound should suggest the possibility of pulmonary artery 
hypertension. The S, may be widely split and/or fixed in association 
with right ventricular volume overload or delayed right ventricular 
conduction. Normal inspiratory splitting of the S, should be sought 
and established in all patients. As timing may be difficult in the infant 
with a rapid respiratory rate, the presence of splitting at any time 
during the respiratory cycle may be accepted as normal. 

The right ventricle is normally just beneath the sternum. This prox- 
imity generally makes sounds emanating from the right heart louder 
and less diffuse. In addition, right heart sounds and murmurs are more 
influenced by the effects of respiration. 


Heart Sounds 


First direct the examination to the normal heart sounds in sequence. 
Appreciate the effects of inspiration and expiration on the heart 
sounds. Then address additional heart sounds and murmurs. Describe 
any variability that occurs with a change of body position. 


First Heart Sound 


The first heart sound (S,) (see Fig. 8.2) arises from closure of the 
atrioventricular (mitral and tricuspid) valves in early isovolumic ven- 
tricular contraction and, consequently, is best heard in the tricuspid 
and mitral valve areas. Mitral valve closure occurs slightly in advance 
of tricuspid valve closure, and, on rare occasion, near the lower-left 
sternal edge 2 components (splitting) of the S, may be heard. There is 
usually a single sound. The S, is most easily heard when the heart rate 
is slow because the interval between the S, and S, is shorter than the 
interval between the S, and subsequent S;. The intensity of the S, is 
influenced by the position of the atrioventricular valve at the onset of 
ventricular contraction. 


Second Heart Sound 


Shortly after the onset of ventricular contraction, the semilunar valves 
(aortic and pulmonary) open and permit ventricular ejection. This 


opening does not usually generate any sound. The atrioventricular 
valves remain tightly closed during ventricular ejection. As ventricular 
ejection nears completion, the pressure begins to fall within the ven- 
tricles, and the semilunar valves snap closed. This prevents regurgita- 
tion from the aorta and pulmonary artery back into the heart. The 
closure of the semilunar valves generates the S, (see Fig. 8.2). The S; 
usually consists of a louder and earlier aortic valve closure sound (A;), 
followed by a later and quieter pulmonary valve closure sound (P;). 
Normal physiologic splitting or variability is appreciated most easily 
in the pulmonary area during or near the end of inspiration. During 
expiration, the aortic and pulmonary valves close almost synchro- 
nously and produce a single or narrowly split S}. Normal splitting of 
S, is caused by (1) increased right-sided heart filling during inspiration 
because of increased blood volume returning via the venae cavae; and 
(2) diminished left-sided heart filling because blood is retained within 
the small blood vessels of the lungs when the thorax expands. During 
inspiration, when the right ventricle is filled more than the left, it takes 
slightly longer to empty. This causes the noticeable inspiratory delay 
in P, in relation to A. Splitting of the S; during inspiration is a normal 
finding and should be sought in all patients. 

The aortic and pulmonary pressure in diastole closes the semilunar 
valves. Many forms of congenital or acquired heart disease have an 
impact on the pulmonary circulation and, consequently, often affect 
the S}. Thus, the higher the pulmonary artery diastolic pressure, the 
more intense and earlier the P, is. Pulmonary hypertension in children 
is suggested when the P, is palpable, loud, and narrowly split or cannot 
be separated from A. If the P, is audible outside of the pulmonary 
area, particularly at the apex, then pulmonary hypertension is likely. A 
single or narrow split S, may also be noted in patients with severe 
pulmonic or aortic valve stenosis, tetralogy of Fallot, truncus arterio- 
sus, pulmonary atresia, hypoplastic left heart syndrome, tricuspid valve 
atresia, or Eisenmenger syndrome with a VSD. In the presence of 
moderate to severe pulmonic stenosis, there is low pulmonary artery 
diastolic pressure. The pulmonary valve closure is therefore delayed 
and of decreased intensity and is occasionally inaudible. 
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The S, may be widely split and/or fixed in association with right 
ventricular volume overload or delayed right ventricular conduction. 


Third Heart Sound 


The third heart sound (S;) (see Fig. 8.2), which is of very low frequency, 
occurs about a third of the way into diastole, at the time of the most 
rapid filling of the ventricles. It is most likely caused by sudden tension 
of the ventricles, enough to produce sound vibrations within the myo- 
cardial wall. Vibrations in the atrioventricular valve itself, as well as in 
the chordae, may also contribute to the sound. The amplitude of S; 
increases with an increased ventricular filling rate. When heard at the 
apex, S; is considered left ventricular in origin, and when heard at the 
lower left sternal border, S; is likely to be right ventricular in origin. 
An apical S; of soft to moderate intensity is readily heard in most 
children and young adults. An S, in association with tachycardia is 
termed a gallop and may be caused by lesions associated with left 
or right ventricular diastolic overload or diminished ventricular 
compliance. 


Fourth Heart Sound 


The fourth heart sound (S4) (see Fig. 8.2) is also of low frequency and 
can be both left-sided and right-sided in origin. It occurs with atrial 
contraction against a high resistance and is therefore heard just before 
Sı. It is more difficult to hear than S;, particularly in children, in whom 
the PR interval is usually shorter than that in the adult. The S, is 
thought to be caused by a forceful atrial contraction against a poorly 
compliant left ventricle (e.g., as in diastolic overload). The sound is 
readily heard in adults with significant chronic hypertension or left 
ventricular cardiomyopathy and, except for its timing, sounds much 
like an S3. In a young baby with total anomalous pulmonary venous 
return, low pulmonary vascular resistance, and significantly increased 
right ventricular and pulmonary blood flow, a loud right ventricular 
S4 (as well as S4) may be heard as part of a quadruple rhythm at the 
lower left sternal border. An intermittent S, may be heard in children 
with complete atrioventricular block. Whereas an S; may be heard in 
a normal adolescent and can be physiologic, the S, only occurs in a 
pathologic condition. 


Ejection Click 


An audible ejection click (see Fig. 8.2) is abnormal and is either related 
to the hemodynamics associated with a dilated root of the aorta (aortic 
ejection click) or a dilated root of the pulmonary artery (pulmonary 
ejection click) or the effects of a thickened and immobile semilunar 
valve. The sound is sharp and of very high frequency. The pulmonary 
ejection click is best heard at the upper-left sternal border, whereas the 
aortic ejection click is usually best heard at the apex. It may also be 
heard at the upper-right sternal border, but if so, it is always louder at 
the apex or the lower-left sternal border. The click arises either from 
sudden tension of the semilunar valve or from sudden distention with 
lateral pressure at the root of the aorta or pulmonary artery. The sound 
is present in aortic or pulmonary valve stenosis. In such cases, the rapid 
movement of the stenotic valve is suddenly checked. An aortic ejection 
click may be heard in the presence of a normal aortic valve (as in severe 
tetralogy of Fallot with a large aortic root); a pulmonary ejection click 
may be heard with a normal pulmonic valve (as in Eisenmenger syn- 
drome with a large pulmonary root). The aortic ejection click, best 
heard at the apex, does not vary with respirations. However, the pul- 
monary ejection click, best heard at the upper-left sternal border, is 
better heard on expiration than inspiration. 

An ejection click or a sharp sound present at the upper-left sternal 
border, louder with expiration or heard only on expiration, is charac- 
teristic of pulmonary valve stenosis. The ejection click follows the 


period of isovolumic contraction and occurs as a consequence of 
restricted semilunar (aortic or pulmonary) valve excursion at the onset 
of ventricular ejection. When the ejection sound occurs at the upper- 
right sternal border or at the apex, a bicuspid or stenotic aortic valve 
disease is suggested. In contrast to ejection clicks, right-sided cardiac 
murmurs are accentuated with inspiration. Left-sided heart ausculta- 
tory abnormalities vary little with the respiratory cycle. 

In the case of the aortic ejection click, the sound is usually well 
separated from Sı. However, the pulmonary ejection click is usually 
closer to S, than is an aortic click. In some moderate to severe cases, 
the pulmonary ejection click occurs at the same time as S,. If one 
perceives a split S,, one is most likely hearing an ejection click as the 
causes of a true split S, are very rare. 


Opening Snap 

The opening snap, present only in rheumatic mitral valve stenosis 
when the anteromedial leaflet is immobile, is heard early in diastole, 
usually above the apex, and is of medium frequency. Because the leaf- 
lets are fused, the downward movement of the opening valve is sud- 
denly checked, resulting in the opening snap. This sound is often 
confused with an S;. The frequency is somewhat higher and the timing 
is earlier than those of an S;. The opening snap and the S;, although 
similar in timing, can never occur together in the same patient. 


Non-Ejection Click 


Non-ejection clicks are heard at the apex and occur one third to half 
of the way between S, and S,. Thus, they are commonly called mid- 
systolic clicks. The sounds are of medium to high frequency. The 
sound is caused by the sudden tensing of the posterior mitral valve 
leaflet as it prolapses into the left atrium; in rare cases, there may be 
multiple mid-systolic clicks. The clicks may be loud, but they may also 
be soft and easily missed. 


CLASSIFICATION OF CARDIAC MURMURS 


Heart murmurs are the consequence of turbulent blood flow. Turbu- 
lence may arise as a result of 
° high flow through abnormal or normal valves 
° normal flow through narrow or stenotic valves or vessels 
° backward or regurgitant flow through incompetent leaky valves 
° flow through congenital or surgical communications 
° anemia with high flows and discrete decreased blood viscosity 
Not all cardiac murmurs indicate heart problems. 
The clinician should be able to determine and describe the follow- 
ing seven characteristics of heart murmurs: 
1. Timing: the relative position within the cardiac cycle relative to S, 
and S, 
2. Intensity or loudness: murmurs are graded as 
° grade I: heard only with intense concentration 
° grade II: faint but heard immediately 
° grade III: easily heard, of intermediate intensity 
° grade IV: easily heard and associated with a thrill (a palpable 
vibration on the chest wall) 
° grade V: very loud, with a thrill present, and audible with only 
the edge of the stethoscope on the chest wall 
° grade VI: audible with the stethoscope off the chest wall 
3. Location: on the chest wall with regard to 
° area where the sound is loudest (point of maximal intensity) 
° area over which the sound is audible (extent of radiation) 
4. Shape: to include the duration (the length of the murmur from 
beginning to end) and configuration (the dynamic changing nature 
of the murmur) 


5. Pitch: the frequency range of the murmur, generally described as 
low, medium, or high—pitched 

6. Quality: aspect that relates to the presence of harmonics and the 
overtones 

7. Physiologic effects: of different positions, manipulations, or 
maneuvers 


PEDIATRIC MURMUR EVALUATION 


After the neonatal period, an innocent murmur may be detected at 
some time in the majority of children before school age. The clinical 
diagnosis of a normal ejection or innocent murmur should only occur 
in the setting of an otherwise normal history, physical examination, 
and appearance (Table 8.5 and Fig. 8.6). 

Thorough auscultation in the cooperative patient should include 
listening in the principal areas (tricuspid, pulmonary, mitral, and 
aortic) of the precordium with both the bell and diaphragm of the 
stethoscope and with the patient in the supine, sitting, and standing 
positions. 


SYSTOLIC MURMURS 


Systolic murmurs begin with or follow the S, and end before the S; 
(Fig. 8.7). 

Holosystolic murmurs, beginning abruptly with S, and continuing 
at the same intensity to S,, are graphically shown as a rectangle. This 
murmur begins during the period of isovolumic contraction and thus 
occurs when there is a regurgitant atrioventricular valve (tricuspid or 
mitral) or in association with a VSD. 

Ejection murmurs are crescendo-decrescendo or diamond-shaped 
murmurs that may arise from narrowing of the semilunar valves or 
outflow tracts. The rising-and-falling nature of the murmur reflects 
the periods of low flow at the beginning and end of ventricular systole. 

Innocent murmurs are almost exclusively ejection systolic in 
nature (see Table 8.5). They are generally soft, are never associated with 
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a palpable thrill, and are subject to considerable variation with posi- 
tioning changes. 

Early systolic murmurs start abruptly with S, but taper and disap- 
pear before the S, and are exclusively associated with small muscular 
VSDs. 

Mid-systolic to late-systolic murmurs begin midway through 
systole and are often heard in association with the mid-systolic clicks 
and insufficiency of mitral valve prolapse. 


DIASTOLIC MURMURS 


Diastole, the period between closure of the semilunar valves (S,) and 
subsequent closure of the atrioventricular valves (S,), is normally silent 
because of relatively low flow through large valve orifices. Regurgita- 
tion of the semilunar valves, stenosis of the atrioventricular valves, or 
increased flow across the atrioventricular valves all cause turbulence 
and may produce diastolic heart murmurs (Fig. 8.8). 

Early diastolic murmurs are decrescendo in nature and arise from 
either aortic or pulmonary valve insufficiency (regurgitation). 

Mid-diastolic murmurs are diamond-shaped and occur because of 
either (1) increased flow across the normal tricuspid or mitral valve or 
(2) normal flow across an obstructed or stenotic tricuspid or mitral 
valve. 

Late diastolic or crescendo murmurs are created by stenotic or 
narrowed atrioventricular valves and occur during atrial contraction. 


CONTINUOUS MURMURS 


Flow through vessels, channels, or communications beyond the semi- 
lunar valves is not confined to either systole and/or diastole. Thus, 
there may be turbulent flow throughout some or all of the cardiac cycle 
(Fig. 8.9). The resulting murmur that extends beyond the S, has been 
classically termed “continuous.” The continuous murmur can be heard 
through part or all of diastole. Continuous murmurs are generally 
pathologic; the venous hum is an exception. 


TABLE 8.5 Common Innocent Heart Murmurs in Children 


Type (Timing) Description of Murmur 
Classic vibratory murmur (Still murmur) 


(systolic) Grade 2 to 3/6 


Maximal at MLSB or between LLSB and apex 


Age Group 
oo Vi 
Occasionally in infancy 


Low-frequency vibratory, “twanging string,” groaning, squeaking, or musical 


Maximal at ULSB 

Early to mid-systolic 
Grade 1-3/6 in intensity 
Blowing in quality 
Maximal at ULSB 


Pulmonary ejection murmur (systolic) 


Pulmonary flow murmur of newborn 
(systolic) 
Grade 1-2/6 in intensity 
Venous hum (continuous) 
Grade 1-3/6 in intensity 
Inaudible in the supine position 


Transmits well to the left and right chest, axilla, and back 


Maximal at right (or left) supraclavicular and infraclavicular areas 


8-14 yr 


Premature and full-term newborns 
Usually disappears by 3-6 mo of age 


a0 Vil 


Intensity changes with rotation of the head and compression of the jugular 


vein 

Carotid bruit (systolic) 
Grade 2-3/6 in intensity 

Occasional thrill over a carotid 


Right supraclavicular area and over the carotids 


LLSB, lower left sternal border; MLSB, mid-left sternal border; ULSB, upper left sternal border. 
From Park MK. Park’s Pediatric Cardiology for Practitioners. 6th ed, Philadelphia: Elsevier/Saunders; 2014:36, Table 2-8. 
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FIGURE 8.6 Diagram of innocent heart murmurs in children. (From Park MK. Park's Pediatric Cardiology for 
Practitioners. 6th ed. Philadelphia: Elsevier; 2014:37, Figure 2-14.) 
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FIGURE 8.7 Four types of systolic heart murmurs. The holosystolic or 
pansystolic murmur begins abruptly with the first heart sound (S,) and 
proceeds at the same intensity to the second heart sound (S). The 
ejection systolic or crescendo-decrescendo murmur begins with 
the onset of volume ejection from the heart. As the flow increases, the 
murmur varies both in intensity and frequency and subsequently tapers 
as the period of ejection ceases, before the S. The early systolic 
murmur begins, as does the holosystolic murmur, abruptly with S, but 
terminates in mid-systole with the cessation of shunt flow. The late 
systolic murmur begins well after S,, commencing in mid- to late 
systole in association with the development of valve insufficiency and 
proceeds at this intensity to S}. (From Pelech AN. The cardiac murmur. 
Pediatr Clin North Am. 1998;45:107-122.) 
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FIGURE 8.8 Diastolic murmurs. The early diastolic or decrescendo 
murmur occurs in association with closure of the semilunar valves 
(second heart sound) and tapers through part or all of diastole. The 
mid-diastolic murmur rises and falls in intensity with atrial volume enter- 
ing the ventricle. The late systolic or crescendo diastolic murmur occurs 
late in diastole with atrial contraction, before systole, and ascends to 
the first heart sound. (From Pelech AN. The cardiac murmur. Pediatr 
Clin North Am. 1998;45:107-122.) 
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FIGURE 8.9 Continuous murmur. The continuous murmur begins in 
systole and proceeds up to and through the second heart sound, pro- 
ceeding through part or all of diastole. (From Pelech AN. The cardiac 
murmur. Pediatr Clin North Am. 1998;45:107-122.) 


MURMURS IN CHILDREN WITH NORMAL HEARTS 


“Innocent” murmurs occur in the absence of structural or physiologic 
cardiac disease. Innocent murmurs have been called functional, benign, 
innocuous, or physiologic but are perhaps best termed normal to accu- 
rately convey to parents the favorable impression and outcome that 
should accompany the diagnosis. After the neonatal period, a normal 
murmur may be detected in the majority of children at some time 
before school age. 

The normal murmurs of childhood are composed of five systolic 
and two continuous types but are never solely diastolic (see Table 8.5 
and Fig. 8.6). The intensity or loudness of the murmur is grade III or 
less and consequently is never associated with a palpable thrill. The 
majority of all murmurs, both innocent and organic, are accentuated 
by fever, anemia, or increased cardiac output. 


Vibratory Still Murmur 


The most common innocent murmur in children is the vibratory 
systolic murmur described by Sir George Still. The murmur is typically 
audible in children between ages 2 and 6 years, but may be present as 
late as adolescence or as early as infancy. The murmur is low to medium 
in pitch, confined to early systole, generally grade II (range I-III), and 
heard maximally at the lower-left sternal edge and extending to the 
apex. The murmur is loudest when the patient is in the supine position 
and often changes in character, pitch, and intensity with upright 
positioning. 

The most characteristic feature of the murmur is its vibratory, 
musical, harmonious quality described as a twanging sound, very like 
that made by twanging a piece of tense string. The quality of the 
murmur can thus never be described as “noisy” or “rough.” Quite 
characteristically, the intensity of the murmur diminishes and the pitch 
changes with upright positioning; it seldom disappears entirely. 

The origins of the murmur are obscure and have been ascribed to 
vibration of the pulmonary valves during systolic ejection, vibrations 
arising from the shift in blood mass in the dynamically contracting 
ventricle, physiologic narrowing of the left ventricular outflow tract, 
and the presence of ventricular false tendons or bridging bands. Pho- 
nocardiographic recordings have shown the innocent murmur to arise 
from either the right ventricular or left ventricular outflow tracts. 


Pulmonary Flow Murmur 


An innocent pulmonary outflow tract murmur may be heard in chil- 
dren, adolescents, and young adults. The murmur is a crescendo- 
decrescendo, loudest in early- to mid-peaking ejection systolic murmur 
confined to the second and third interspaces at the left sternal border. 
It is of low intensity (grades II-III) and transmits to the pulmonary 
area. It is rough and dissonant without the vibratory musical quality 
of the Still murmur. The murmur is best heard in the supine position 
and is exaggerated by the presence of a pectus excavatum, a straight 
back, or kyphoscoliosis, which results in compression or approxima- 
tion of the right ventricular outflow tract to the chest wall. The murmur 
is augmented in full exhalation while the patient is supine, rarely 
resulting in the perception of a palpable thrill, and is diminished by 
upright positioning and held inspiration. 

The murmur of an ASD is attributable to increased flow through 
the pulmonary outflow tract and may be indistinguishable from the 
innocent pulmonary flow murmur. However, the hyperdynamic right 
ventricular impulse, wide splitting of the pulmonary component of the 
S) and presence of a mid-diastolic flow rumble should enable 
distinction. 

The murmur of pulmonary valve stenosis may be distinguished 
from the innocent pulmonary flow murmur by the frequent presence 
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of a systolic thrill, higher pitch, longer duration, and/or presence of an 
ejection click. The presence of an ejection click signifies improper 
opening of a semilunar valve and is usually of pathologic origin. In 
pulmonary stenosis, the S, may be widely split and the P}, when 
audible, is of diminished intensity. 


Peripheral Pulmonary Arterial Stenosis Murmur 


A common murmur heard frequently in newborns and in infants 
younger than 1 year is the audible turbulence of peripheral branch 
pulmonary arterial stenosis, angulation, or narrowing. These ejection 
character murmurs are typically grade I or II, are low to moderate in 
pitch, begin in early to middle systole, and extend up to and occasion- 
ally just after the S;. These murmurs are most often present in normal 
newborns but may be associated with viral lower respiratory tract 
infections and reactive airway disease in older infants. In the fetus, the 
pulmonary trunk is a relatively dilated, domed structure because it 
receives the majority of combined cardiac output from the high- 
pressure right ventricle. Right and left pulmonary artery branches arise 
from this major trunk as comparatively small lateral branches that 
receive little intrauterine flow because of high pulmonary artery resis- 
tance. When the lungs expand at birth, the relative disparity transiently 
persists. The branches also arise at comparatively sharp angles from 
the main pulmonary trunk, accounting for turbulence and a recog- 
nized physiologic drop in pressure from the main trunk to the proxi- 
mal branch pulmonary arteries. In association with a respiratory tract 
infection, regional vascular reactivity and pulmonary blood flow redis- 
tribution may account for the reappearance of the murmur after the 
neonatal period. 

The murmurs are often best heard peripherally in the axillae and 
back with both regional and temporal variability. Because of the rapid 
respiratory rate of infants, similar sound frequency composition of 
breath sounds, and peripheral location of the murmurs, these murmurs 
are often overlooked. They are often most evident in the recovery phase 
of a respiratory illness. Of importance is that the murmur of peripheral 
branch stenosis changes with heart rate variability, increasing in inten- 
sity with heart rate slowing as the stroke volume increases and, con- 
versely, diminishing with tachycardia and reduction in stroke volume. 

The normal peripheral branch stenosis murmur may be indistin- 
guishable from the peripheral murmur of significant stenosis of the 
branch pulmonary vessels seen in Williams or rubella syndrome or 
from accompanying hypoplasia or narrowing of the pulmonary arter- 
ies. Murmurs of significant anatomic narrowing may be distinguished 
by their higher pitch and extension after the S, in children after the 
first few months of life. The pulmonary flow murmur of an ASD may 
mimic this murmur but is not heard in this age group. Proximal pul- 
monary valve or right ventricular outflow obstruction may also closely 
resemble this murmur, but these obstructions are often of louder 
intensity, possibly associated with an ejection click, and heard maxi- 
mally lower along the left sternal border. 


Supraclavicular or Brachiocephalic Systolic Murmur 


A supraclavicular systolic crescendo-decrescendo murmur may be 
heard in children and young adults. This systolic murmur is audible 
maximally above the clavicles and radiates to the neck but may be 
present to a lesser degree on the superior chest. The murmur is low to 
medium in pitch, of abrupt onset, brief, and maximal in the first half 
or two thirds of systole. High pitch or extension into diastole is unusual 
and suggests significant vascular obstruction. 

The murmur is present in both supine and sitting positions but 
varies with hyperextension of the shoulders. The shoulders can be 
hyperextended with the elbows brought behind the back until the 
shoulder girdle is taut. When this maneuver is done rapidly, the 
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murmur diminishes or disappears altogether. Supraclavicular systolic 
murmurs are thought to originate from the major brachiocephalic 
vessels as they arise from the aorta. 


Aortic Systolic Murmur or “Athlete's Murmur” 


Innocent systolic flow murmurs may arise from the outflow tract in 
older children and young adults. The murmurs are ejection in charac- 
ter, confined to systole, and audible maximally in the aortic area. In 
children, these murmurs may arise secondarily to extreme anxiety, 
anemia, hyperthyroidism, fever, or any condition of increased systemic 
cardiac output. 

In trained athletes, slower heart rates with increased stroke volume 
may give rise to short crescendo-decrescendo murmurs of low to 
medium pitch. Physical examination may suggest a relatively displaced 
thrusting apex and a physiologic S. 

These murmurs must be distinguished from the systolic murmur 
of hypertrophic cardiomyopathy obstructions of the left ventricular 
outflow tract. The presence of a family history for hypertrophic car- 
diomyopathy or a family history of unexplained death in a young 
individual, particularly if associated with activity, is suggestive of 
hypertrophic cardiomyopathy. A systolic murmur that gets louder with 
performance of the Valsalva maneuver is considered almost diagnostic 
of hypertrophic cardiomyopathy with systolic anterior motion of the 
mitral valve. A reduction in venous return results in closer apposition 
of the septum and mitral valve and dynamic narrowing of the left 
ventricular outflow tract. In contrast, rapid squatting improves venous 
return; the left ventricular chamber size is enlarged, the mitral valve 
and septum are farther apart, and the murmur of hypertrophic car- 
diomyopathy gets softer. It is often difficult to be certain of the cause 
of this type of aortic murmur, and further investigations may be 
indicated. 


Normal Continuous Murmurs 
Venous Hum 
The most common type of continuous murmur heard in children is 
the innocent cervical venous hum, which is most audible on the low 
anterior part of the neck just lateral to the sternocleidomastoid muscle 
but often extends to the infraclavicular area of the anterior chest wall. 
The murmur is generally louder on the right than on the left, is louder 
when the patient is sitting than when lying down, and is accentuated 
in diastole. Intensity varies from faint to grade III. Patients are occa- 
sionally aware of a loud hum. The murmur is quite variable in char- 
acter, always low pitched and often described as rumbling, roaring, or 
whirring. 

The venous hum is best accentuated or elicited with the patient in 
a sitting position and looking away from the examiner. The murmur 
often resolves or changes in character with lying down and may be 
eliminated or diminished by gentle compression of the jugular vein or 
turning the head toward the side of the murmur. The murmur is 
thought to arise from turbulence at the confluence of flow as the 
internal jugular and subclavian veins enter the thoracic inlet or perhaps 
from angulation of the internal jugular vein as it courses over the 
transverse process of the atlas. 


Mammary Arterial Souffle 


The mammary arterial soufflé occurs most frequently late in preg- 
nancy and in lactating women but may occur in rare cases in adoles- 
cence. The murmur arises in systole but may extend well into diastole, 
being audible maximally on the anterior chest wall over the breast. 
There is usually a distinct gap between the S, and the origin of the 
murmur; this gap is thought to relate to the delayed arrival of cardiac 
stroke volume at the peripheral vasculature. The murmur is generally 


high pitched and has an unusual superficial character but may vary 
considerably from day to day. Firm pressure with the stethoscope or 
digit pressure on the chest wall occasionally abolishes the murmur. The 
murmur is thought to be arterial in origin, arising from the plethoric 
vessels of the chest wall. The murmur must be distinguished from the 
continuous high-pitched murmur of an arteriovenous fistula or a PDA. 
Characteristically, the mammary arterial soufflé varies significantly 
from day to day, is present in a most distinctive patient population, 
and resolves with termination of lactation. 


PHYSICAL EXAMINATION OF COMMON LESIONS 
WITH LEFT-TO-RIGHT SHUNT 


Atrial Septal Defects 


The most common form of ASD (Fig. 8.10) is the ostium secundum 
defect in the floor of the fossa ovalis. Blood flow through an ASD in 
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FIGURE 8.10 Atrial septal defects. The most common type of defect, 
the secundum atrial septal defect, is shown. Characteristically, in asso- 
ciation with a large left-to-right shunt, wide and fixed splitting of the 
second heart sound occurs. The murmur is that of increased flow 
through the right ventricular outflow tract. The shunt flow through the 
defect, which occurs at low pressure, is inaudible. 


the low-pressure atria is inaudible. The auscultatory findings in ASD 

are related to the consequences of increased blood volume that enters 

the right side of the heart. The right ventricular volume overload is 
associated with right ventricular overactivity and a right ventricular 
parasternal tap. 

The right atrium and ventricle receive the blood returning from the 
body plus the blood shunted from left to right through the ASD. This 
causes a prolongation of right-sided heart emptying. The P, of the S; 
is often widely split and fixed (no respiratory variation). 

Two types of murmur may be audible: 

1. The typical pulmonary flow murmur is ejection systolic in charac- 
ter, generally of low intensity (grade II or III), and of low pitch. The 
crescendo-decrescendo murmur begins shortly after the S, and 
ends well before the S,. 

2. In patients with a large atrial shunt, there is typically a well- 
localized, low-pitched mid-diastolic flow rumble in the tricuspid 
area because of increased flow across the tricuspid valve. 

ASDs may lead to pulmonary hypertension in the second and third 
decades of life. Treatment is surgical or by device closure during cardiac 
catheterization. 


PATENT DUCTUS ARTERIOSUS 


In this condition, the connection between the aorta and pulmonary 
artery that exists prenatally remains open after birth (Fig. 8.11). 

The amount of shunt flow is dependent not only on the size of the 
ductus communication but also on the differential resistances of the 
systemic and pulmonary circulations. In some children, the PDA may 
produce significant left-sided heart volume overload and signs of high- 
output congestive heart failure. 

The peripheral pulses associated with significant diastolic runoff to 
the pulmonary vascular area are bounding. Palpation may reveal a 
thrill in systole at the upper-left sternal edge (when the murmur is 
grade IV or greater); an abnormal left ventricular impulse; and, if the 
left-to-right shunt is large, a hyperdynamic and displaced apical 
impulse. The majority of patients have an asymptomatic murmur. 

Premature infants often have persistence of ductal patency after 
birth. Initially, in the presence of neonatal lung disease and elevated 
pulmonary vascular resistance, the shunt volume is not large. After the 
lung disease improves, the presence of a PDA becomes apparent 
through the detection of a cardiac murmur and bounding pulses. 
Preterm infants with a PDA may show signs of heart failure, pulmo- 
nary edema, a hyperdynamic precordium, and difficulty in weaning 
from the ventilator. Treatment in preterm infants includes intravenous 
indomethacin or ibuprofen and fluid restriction; if these measures are 
unsuccessful, surgical ligation is generally indicated. 

The PDA causes a continuous machine-like murmur, best heard 
in the pulmonary area. The murmur is generally high pitched, 
peaks in late systole, and continues well through the S,. If the PDA 
is large, a mid-diastolic flow rumble may be heard at the apex 
because of relative mitral valve stenosis. Beyond the neonatal period, 
treatment is surgical ligation or device closure during cardiac 
catheterization. 


VENTRICULAR SEPTAL DEFECTS 


These common developmental communications between the two ven- 
tricles (Fig. 8.12) may be classified as 

° perimembranous 

° muscular 

° atrioventricular or inlet 

° subarterial or outlet 
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FIGURE 8.11 The patent ductus arteriosus consists of residual patency 
of a fetal communication between the two great arteries. Because the 
shunt occurs outside the heart, the murmur is continuous and high 
pitched if the defect is restrictive and the pulmonary artery pressures 
are low. 


The acoustic findings depend on five factors: 

Size 

Location 

Shunt or defect flow 

Pulmonary hypertension 

Associated anomalies 

All of these factors need to be addressed in the clinical description 
of a VSD. 

The VSD (Fig. 8.13) causes a left-to-right shunt or, in rare cases, a 
right-to-left shunt, depending on the resistance to the flow of blood 
leaving the ventricles. The turbulence and thus the intensity of the 
murmur are directly proportional to the flow and pressure difference 
between the ventricles. 


L Se 


Size 
A moderate-sized VSD that is restrictive (ie. a pressure difference 
exists between the ventricles) causes a harsh blowing holosystolic 
murmur, which is often very loud and frequently associated with a 
palpable thrill. 

The very restrictive or small VSD creates a high-pitched systolic 
murmur and causes little or no physiologic disturbance. Muscular 
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(See Nelson Textbook of Pediatrics, Fig. 426-6.) 
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FIGURE 8.12 Anatomic types of ventricular septal defects. The 4 
types of defects of the ventricular septum are shown. The most 
common type is the muscular defect, which commonly occurs in the 
anterior trabecular area of the septum. The perimembranous (often 
called membranous) defect occurs in the regions of the pars membra- 
nacea, or the embryonic bulboventricular foramina. The subarterial 
outlet, or supracristal defect, extends to the fibrous ring of the semilu- 
nar valves. The inlet or atrioventricular septal defect is that of the 
atrioventricular canal or embryonic atrioventricularis communis. 


defects may close in mid-systole, which then abruptly stops shunt flow 
and the murmur before S. 

In an unrestrictive or large VSD, no pressure difference exists 
between the two ventricles. This results in less turbulence and therefore 
a reduced intensity of the murmur. 


Location 


The perimembranous defect is best heard at the left sternal edge in the 
third left intercostal space. Muscular defects are heard variably from 
the sternal edge to the apex. Outlet or subarterial defects are best heard 
higher along the sternum. 


Shunt Flow 


If the volume of flow through the VSD (shunt flow) is large (i.e., more 
than 2-3 times normal ventricular outflow), a low-pitched, mid- 
diastolic flow rumble may be heard in the mitral area. The extra 
volume of blood returning from the pulmonary circulation to the left 
side of the heart creates this murmur of “relative” (not true anatomic) 
mitral valve stenosis. 


Pulmonary Hypertension 


High pressure in the pulmonary artery limits left-to-right shunt flow 
and murmur intensity. The pulmonary closure sound is louder and is 
either narrowly split or single. 


Associated Anomalies 


Frequently there are anomalies associated with a VSD, such as right- or 
left-sided heart outflow obstruction or aortic insufficiency. This may 
affect the character of the murmur. 

Of importance is that the VSD murmur begins very early with the 
onset of left ventricular contraction, which may precede right ventricu- 
lar contraction because the left ventricle is activated earlier. The 
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FIGURE 8.13 Ventricular septal defects. A ventricular septal defect is 
a communication between the high-pressure left ventricle and the 
lower-pressure right ventricle. The shunt flow begins with the onset of 
ventricular contraction before the period of ejection (isovolumic contrac- 
tion) and consequently gives rise to a holosystolic murmur that obscures 
the first and often the second heart sounds. The murmur is high pitched 
if the defect is restrictive, and the right-sided heart pressures are low; 
however, the murmur may be low pitched or even inaudible if the 
defect is large or if the pulmonary artery pressures are high, as occurs 
In the newborn. 


murmur commences during the period of isovolumic contraction and, 
if it is loud (grade III or greater), often obscures the S,. Blood is ejected 
from the left ventricle to the right ventricle throughout systole, giving 
rise to a classical full-length, or “holosystolic,’ murmur. On occasion, 
VSD murmurs may not be full length. This may occur in a small mus- 
cular VSD that coapts or closes in mid-systole or, in rare cases, in the 
presence of heart failure with diminished systolic function. 

Analysis of the S, in VSD is important and, in conjunction with 
precordial palpation, enables estimation of the pulmonary artery pres- 
sure. The larger the defect, the higher the pulmonary artery pressure 
and the earlier and louder the P, are. Thus, the split of S, may become 
very narrow, or the S, may even become single, a finding of great 
concern. In large defects, a balance exists between delayed P;, caused 
by large pulmonary blood flow, and early P; caused by high pulmonary 
artery pressure. The wider the split of S,, the less the concern is, because 
pulmonary vascular resistance is then likely to be low. 

The intensity or loudness of a murmur relates to the combination 
of both flow and gradient across the defect. Pitch or frequency relates 


to gradient alone. Thus, very small defects with small left-to-right 
shunt flow may have a soft, high-pitched murmur. In moderate-sized 
defects, the murmur is loud, often associated with a palpable thrill. In 
large defects with no restriction between the right and left ventricle, 
the murmur is low pitched and less intense as the pulmonary artery 
and right-sided heart pressures equate with the left-sided heart 
pressure. 

In many children, the VSD spontaneously closes, as noted, and the 
murmur becomes softer and softer until it disappears with defect 
closure. In patients who develop increased pulmonary vascular resis- 
tance and a reduction in shunt flow and who are at risk for progressing 
to Eisenmenger syndrome (irreversible pulmonary vascular disease 
and cyanosis with right-to-left ventricular level shunt), the murmur 
also becomes quieter. Thus, a diminishing VSD murmur may be evolv- 
ing into either a good or bad outcome. The treatment of a VSD includes 
management of heart failure and surgery. 


COMPLETE ATRIOVENTRICULAR SEPTAL DEFECTS 


There is great variation in the anatomy of atrioventricular septal 
defects (AVSDs). AVSDs (Fig. 8.14) occur in complete, partial, and 
intermediate forms. In the complete AVSD, the intracardiac defect 
extends between both the atria and ventricles. The atrial or ventricular 
extent of the defect may be the primary level of shunt flow; conse- 
quently, the defect may manifest primarily as either an ASD or VSD. 
Often the defects are large and unrestrictive. In addition, a common 
accompaniment of AVSD is a cleft in the left-sided atrioventricular 
valve, which may cause varying degrees of valve insufficiency. Approxi- 
mately half of the children born with Down syndrome have congenital 
heart disease, the most common abnormality of which is complete 
AVSD. Maturation of the pulmonary arteries and small muscular arter- 
ies is delayed in children with Down syndrome, and elevated pulmo- 
nary vascular resistance early in life is common. Therefore, the lesion 
may be missed early in life because signs of congestive heart failure may 
not occur. It is recommended that all children with Down syndrome 
undergo echocardiographic evaluation. In patients with complete 
AVSDs, the electrocardiogram demonstrates an abnormally counter- 
clockwise superior vector due to displacement of the AV node. If this 
finding is present, an echocardiogram should be obtained. Intermedi- 
ate or partial AVSDs are less likely associated with Down syndrome. 

In the partial form of AVSD, absence of the lower part of the inter- 
atrial septum, the ostium primum, is the major component of the 
abnormality. In such patients, the manifestation and examination are 
similar to those described for a secundum type of ASD. Often, mitral 
regurgitation is present and is apparent as an apical holosystolic 
murmur that obscures S,. If the amount of mitral valve insufficiency 
is large, a mid-diastolic flow rumble of increased filling may be heard. 

The manifestation and consequently the clinical signs in patients 
with AVSD vary considerably, depending on the patient’s age, pulmo- 
nary vascular resistance, size and level of the defects, amount of valve 
insufficiency, and ventricular function. Patients with an AVSD often 
manifest the signs of congestive heart failure early in infancy. Surgical 
repair provides definitive treatment. 


PHYSICAL EXAMINATION OF COMMON LESIONS 
WITH RIGHT-TO-LEFT SHUNT: CYANOSIS 


Tetralogy of Fallot 


The tetralogy (Fig. 8.15) has 4 anatomic features: 
1. VSD 
2. Pulmonary stenosis 
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FIGURE 8.14 Complete atrioventricular septal malformation. The atrio- 
ventricular septal malformations vary markedly between a large atrial 
component with a restrictive ventricular communication to a large unre- 
strictive inlet ventricular septal defect. Consequently, their clinical mani- 
festations also vary from that of an atrial septal defect to that of an 
unrestrictive ventricular septal defect. 


3. Dextroposition or rightward position of the aorta 
4. Right ventricular hypertrophy 

The functional significance of this anomaly is related to the degree 
of right ventricular outflow tract obstruction. There is a harsh ejection 
systolic murmur, heard best in the pulmonary area but also widely 
transmitted through the chest. The right ventricular outflow obstruc- 
tion is most frequently a combination of muscular, annular, and val- 
vular narrowing. Consequently, the P, is soft, delayed and is often 
inaudible. The VSD is typically large and unrestrictive. The prominent 
systolic murmur in tetralogy of Fallot is therefore not caused by the 
septal defect. 

Patients with tetralogy of Fallot may present with moderate to 
severe degrees of right ventricular outflow obstruction, right-to-left 
ventricular level shunting, and varying degrees of cyanosis. Alterna- 
tively, the outflow obstruction may be mild, providing a predominant 
left-to-right shunt and causing the “acyanotic” or “pink” form of tetral- 
ogy of Fallot. In these patients, the degree of outflow obstruction 
becomes progressive; bidirectional flow develops and, finally, a domi- 
nant right-to-left shunt emerges. 
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FIGURE 8.15 Tetralogy of Fallot. The 4 anatomic malformations seen 
in association with tetralogy of Fallot include an unrestrictive perimem- 
branous ventricular septal defect (VSD), overriding of the aorta, right 
ventricular hypertrophy, and an obstructive right ventricular outflow 
tract. The cardiac murmur in tetralogy, a harsh loud ejection systolic 
murmur, arises from the turbulence generated in the right-sided heart 
outflow. Because the VSD is unrestrictive and the right- and left-sided 
heart pressures are equal, the VSD generates no sound. The pulmonary 
closure sound is often soft or inaudible. 


One aspect of tetralogy physiology is the variable degree of desatu- 
ration that may occur as a consequence of the reactive nature of the 
right ventricular outflow obstruction. The sudden development of 
severe reactive obstruction in response to temperature, fever, illness, 
dehydration, or intense crying may precipitate a hypercyanotic or 
tetralogy spell. Either increased infundibular reactivity or decreased 
systemic vascular resistance is responsible for the diminished pulmo- 
nary blood flow. This life-threatening event manifests as profound 
cyanosis, tachypnea, and dyspnea, progressing to acidosis, uncon- 
sciousness, and death. During a spell, the outflow tract murmur disap- 
pears with the diminution in pulmonary blood flow. 

Tetralogy of Fallot is a consequence of developmental anterior dis- 
placement of the conal or outlet septum and failure to adjoin with the 
muscular trabecular interventricular septum. Because conal tissue is 
needed for closure of the membranous ventricular septum, the ante- 
rior displacement and hypoplasia of the conus results in a VSD, which 
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FIGURE 8.16 Tricuspid valve atresia. In this condition, the murmur 
most often detected is a holosystolic murmur of a communicating 
ventricular septal defect or an ejection systolic murmur related to an 
obstructing pulmonary outflow. 


is characteristically unrestrictive. The aorta extends more to the right, 
which results in overriding of the aorta. 

In cases in which there is a predominant left-to-right shunt, the 
murmur is a long, loud ejection systolic murmur and may overwhelm 
and obscure the S,. The murmur extends up the left sternal border 
(pulmonary area) and throughout both lung fields. The right ventricle 
is at systemic pressure, and the pitch of the murmur is quite high. 
There is a right ventricular parasternal impulse and often a palpable 
thrill in the pulmonary outflow region. 

In cyanotic tetralogy of Fallot, the loudness or intensity of the 
murmur diminishes as the pulmonary blood flow decreases. The sys- 
tolic murmur remains high pitched, harsh, and ejection in shape. The 
Sı remains loud or normal; the S, is single. 

In the most severe form of tetralogy, pulmonary atresia with VSD, 
there is no pulmonary outflow murmur at all. Definitive corrective 
treatment of tetralogy of Fallot is surgical. 


TRICUSPID VALVE ATRESIA 


In tricuspid valve atresia (Fig. 8.16), the tricuspid valve does not 
develop, and in its place there may be an imperforate membrane or a 


thick muscle wedge. The right ventricle is usually very small; the left 
ventricle compensates and is large. A dynamic diffuse left ventricular 
cardiac impulse is palpable. All systemic venous blood returning to the 
right atrium must pass across at atrial septal level to enter the left 
atrium and then the left ventricle. Pulmonary blood flow occurs most 
often as a consequence of a VSD or, in rare cases, is dependent on the 
ductus arteriosus. The electrocardiogram reveals an abnormally supe- 
rior left axis. Examination reveals a VSD murmur. The softer and 
shorter the murmur, the less the pulmonary blood flow is, so that, just 
as in tetralogy of Fallot, the softer the murmur, the more severe the 
cyanosis is. If there is enough pulmonary blood flow, both P, and A, 
may be heard. Palliative surgery is required. 


PULMONARY ATRESIA WITH INTACT 
VENTRICULAR SEPTUM 


There are two forms of pulmonary valve atresia. The first is pulmonary 
atresia with VSD and generally a long fibrous or muscular outflow 
atresia, which is the most severe malformation on the spectrum of 
tetralogy of Fallot. The second form occurs in association with an 
intact interventricular septum (Fig. 8.17), and right-sided heart hypo- 
plasia is usually then present. 

The cardiac impulse in hypoplastic right ventricle with pulmonary 
atresia may be right ventricular even though the dominant ventricle is 
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FIGURE 8.17 Pulmonary atresia with intact septum. Characteristically, 
the defect manifests in the cyanotic neonate. Most often, a continuous 
murmur of a patent ductus arteriosus is audible. Less often, a high- 
pitched murmur of tricuspid valve insufficiency may be heard. 
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the left. In contrast to tricuspid valve atresia, a VSD is not part of this 
lesion. The source of the pulmonary blood flow in the neonate is a 
ductus arteriosus with left-to-right shunt. A murmur from this ductus 
may be audible. There is a single S, (aortic closure). On occasion, there 
is tricuspid valve regurgitation, which may be confused with a VSD 
murmur. The murmur is high pitched, because the right ventricular 
pressures are very high. The electrocardiogram helps differentiate tri- 
cuspid valve and pulmonary atresia. In both disorders, left ventricular 
hypertrophy is present, but in pulmonary atresia, there is a normal 
inferior vector. Echocardiography confirms the diagnosis. There is 
usually profound cyanosis. 

Intravenous prostaglandin therapy is required to ensure ductal 
patency and pulmonary blood flow in the neonatal period. Surgical 
repair is usually palliative. 


TRANSPOSITION OF THE GREAT ARTERIES 


In transposition of the great arteries (Fig. 8.18), the aorta arises from 
the morphologic right ventricle, and the pulmonary artery arises from 
the morphologic left ventricle. In transposition of the great arteries, 
desaturated systemic venous blood returns to the right atrium, passes 
to the right ventricle, and is returned to the aorta and thus to the 
systemic circulation. Any oxygenation occurring in this setting is the 
result of mixing of blood with the pulmonary circulation at the ductal, 
atrial, or ventricular level. 

Transposition of the great arteries with an intact ventricular septum 
manifests in the neonatal period with profound cyanosis in an infant 
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FIGURE 8.18 Transposition of the great arteries. The aorta in this 
condition arises anteriorly, giving rise to a loud, single second heart 
sound. Many profoundly cyanotic full-term newborns with no audible 
murmur have transposition of the great arteries. 
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whose saturations do not improve with oxygen administration; this is 
the so-called hyperoxia test. There is a pronounced right ventricular 
impulse, and the A, is loud because it is anterior. There may be a faint 
soft short ejection murmur that is audible along the left sternal border 
as a result of increased pulmonary blood flow. However, there are often 
no murmurs. Heart failure is not expected. The P, is often not heard. 

If there is a VSD, the patient may not present in the neonatal period. 
The minimal cyanosis may be difficult to detect. Such infants usually 
become ill at 2-3 weeks of age as a result of congestive heart failure 
rather than hypoxia. The examination findings are very different, 
because both ventricles are very hyperdynamic. The heart is large; there 
is often a palpable thrill and a loud systolic murmur. 

Treatment consists of corrective surgical switching of the great 
vessels. 


HYPOPLASTIC LEFT HEART SYNDROME 


Hypoplastic left heart syndrome (Fig. 8.19) consists of varying degrees 
of left-sided heart (mitral valve, left ventricle, aortic valve, or arch) 
hypoplasia or atresia such that the left ventricle cannot support the 
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FIGURE 8.19 Hypoplastic left heart syndrome. In this condition, the 
systemic circulation is supplied from the right ventricle via the ductus 
arteriosus. The continuous murmur of ductal flow that may be heard is 
generally low pitched as a result of equal pulmonary and aortic 
pressures. 


systemic circulation. In the first day or two after birth, the neonate may 
not be recognized as being ill if the ductus arteriosus remains open 
and the right ventricular output contributes to the systemic output. 
When the ductus begins to close, perfusion deteriorates, the pulses are 
diminished, acidosis develops, and death ensues. 

The affected infant is often tachypneic, gray, and poorly perfused. 
There may be considerable pulmonary blood flow and a dynamic right 
ventricle impulse. An ejection systolic murmur may be audible in the 
pulmonary area. The heart function may be very poor, and the pre- 
cordial and auscultatory examination findings may be quiet. A sig- 
nificantly restrictive ASD may cause profound pulmonary venous 
congestion and poor oxygenation. 

After intravenous prostaglandin E, has been given, causing opening 
of the ductus arteriosus, a reasonable systemic output and palpable 
pulses should return. 

Treatment includes the staged Norwood palliative repair to single- 
ventricle Fontan operation or heart transplantation. 


PHYSICAL EXAMINATION OF COMMON LESIONS 
WITH SIMPLE OBSTRUCTION 


In areas of obstruction, the gradient or pressure difference across an 
obstruction relates to the severity of the narrowing, the flow across the 
narrowing, and the pressure able to be generated (ie., the cardiac 
function). 


PULMONARY VALVE STENOSIS 


The hemodynamic abnormality in pulmonary valve stenosis (Fig. 8.20) 
is attributable to increased pressure within a right ventricle that is 
attempting to eject through a narrowed or obstructed valve. The more 
severe the stenosis, the higher the intraventricular pressure is until 
cardiac failure occurs. 

This condition is characterized by an ejection systolic murmur, 
heard best in the pulmonary area. The murmur is diamond-shaped. 
With increasing valvular obstruction, the murmur becomes louder and 
higher pitched and peaks later in systole. The P, is very helpful because 
the more severe the pulmonary valve stenosis, the more delayed and 
less intense the P, is. 

An ejection click, caused by abrupt arrest of leaflet excursion in 
early systole, frequently precedes the ejection systolic murmur. The 
more severe the pulmonary valve stenosis, the earlier and softer the 
pulmonary ejection click is. In other forms of right ventricular outflow 
obstruction, such as supravalvular stenosis and subvalvular stenosis, or 
in the setting of a dysplastic or malformed pulmonary valve, an ejec- 
tion click is not audible. 

In newborns with very severe critical pulmonic stenosis, cyanosis, 
and low cardiac output, the examination findings may be quite differ- 
ent. There may be no pulmonary ejection click, and the murmur may 
be very short, soft, or both. 

Palpation in pulmonic valve stenosis may reveal a palpable thrill in 
the pulmonary area and an abnormal right ventricular impulse (except 
in mild cases). 

Treatment is transcatheter balloon valve dilatation. 


AORTIC VALVE STENOSIS 


The hemodynamic impact of aortic valve stenosis (Fig. 8.21) is 
increased pressure in the left ventricle. The more severe the stenosis, 
the higher the left ventricular pressure is. 

The apex beat is of a thrusting character and is not displaced in the 
absence of left-sided heart failure. Palpation, except in very mild cases, 
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FIGURE 8.20 Pulmonary valve stenosis. Pulmonary valve stenosis 
gives rise to a rough ejection systolic murmur that is most prominent 
In the pulmonary area and radiates equally to both lung fields. The pres- 
ence of an ejection click distinguishes valve obstruction from subvalvu- 
lar or supravalvular stenosis. 


reveals a suprasternal notch thrill and often a carotid systolic thrill. If 
the murmur is grade IV or greater, a precordial thrill is also palpable 
at the upper-right sternal border (aortic area). 

The murmur of aortic stenosis is a rough, harsh, diamond-shaped 
ejection systolic murmur. It is heard best in the aortic area but often 
extends into the neck and throughout the precordium. 

A soft, short ejection murmur that peaks in systole indicates a mild 
degree of valve obstruction, whereas a loud, long, and late-peaking 
murmur, often associated with a palpable thrill, reflects more severe 
stenosis. 

An ejection click often precedes the murmur and is heard best at 
the apex. The click intensity is inversely proportional to the severity of 
the valve narrowing. A loud aortic valve ejection click is often present 
in patients with a two-leaflet or bicuspid aortic valve even if there is 
no valve stenosis. 

The splitting of the S; is normal. The paradoxical split, occurring 
when there is a large delay of A), is quite rare in children and young 
adults; it is seen in older people with calcific aortic valve stenosis and 
a failing left ventricle. 

In newborns with severe or critical aortic stenosis and low cardiac 
output, the examination findings may be very different. There is often 
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FIGURE 8.21 Aortic valve stenosis. The ejection systolic murmur from 
aortic valve stenosis is audible both at the apex and in the aortic area. 
The aortic area extends up to the carotid arteries. There is often a 
palpable thrill in the suprasternal notch. The pitch and peaking of the 
murmur allows estimate of the severity of stenosis. Note that a quiet 
and low-pitched murmur may suggest poor ventricular function and low 
output. 


no aortic ejection click, and, strikingly, the murmur may be short, soft, 
or both. Significant heart failure and poor perfusion are present in such 
neonates. 

Two other major types of aortic stenosis exist: subvalvular and 
supravalvular. Neither has an aortic ejection click. In supravalvular 
aortic stenosis (the major cardiac lesion associated with Williams syn- 
drome), the murmur is usually in the aortic area, whereas in subval- 
vular aortic stenosis, the murmur position may extend to the left 
sternal border or the apex. 

The bicuspid aortic valve is the most common of all congenital 
malformations of the heart, found in almost 2% of the general popula- 
tion. The normal aortic valve has three leaflets of equal size. The 
bicuspid valve has two functional leaflets, one generally larger than the 
other. The bicuspid aortic valve is often only mildly stenotic or is often 
unobstructed. The anomaly is recognized from the presence of an 
aortic ejection click. The ejection click is often mischaracterized as a 
split Sı, which is a very rare occurrence in children. Asymmetric stresses 
on the valve leaflets predispose to calcification, dysfunction, and dete- 
rioration after many years. The valve is also at risk for the development 
of infective endocarditis. 
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Treatment of severe aortic valve stenosis may include surgical or 
balloon valvotomy and often eventual valve replacement. 


COARCTATION OF THE AORTA 


Coarctation occurs in association with congenital cardiac anomalies or 
in isolation. There are fundamentally two forms of coarctation (Fig. 
8.22). The more common form has been termed juxtaductal or adult 
coarctation and is typically a discrete area of aortic narrowing or 
indentation of ductal tissue in relationship to the ductus arteriosus or 
ligamentum. The second type of coarctation has been termed infantile 
coarctation and includes varying degrees of transverse and isthmic 
aortic arch hypoplasia. 

The hemodynamic abnormality caused by a coarctation of the 
aorta is a high systolic pressure proximal to the area of narrowing, in 
the ascending aorta, the brachiocephalic vessels, and the left ventricle. 

The diagnosis of coarctation of the aorta is made from recognition 
of systemic hypertension in the right arm and decreased arterial pulsa- 
tion in the femoral arteries and the dorsalis pedis in comparison with 
that in the brachial arteries. The femoral pulses may be absent, or they 
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FIGURE 8.22 Coarctation of the aorta. The murmur of coarctation is 
often audible both anteriorly and posteriorly between the scapulae. It 
Is a continuous murmur extending well into diastole. 


may be diminished and delayed. In some cases, the left brachial pulse 
may be diminished as a result of involvement of the left subclavian 
artery in the site of narrowing. In rare cases, the right subclavian artery 
may arise aberrantly below the level of the coarctation, causing the 
pulse in this arm to be diminished. Therefore, brachial pulses must be 
felt on both sides and compared with the femoral pulses. The blood 
pressure must be obtained in both arms as well as in one leg. There is 
seldom any significant or consistent alteration in the heart sounds 
unless there is associated aortic valve disease. Up to 40% of patients 
with juxtaductal coarctation of the aorta have an associated bicuspid 
aortic valve, usually without stenosis. In these cases, there is an aortic 
ejection click. More complicated heart lesions, often unrestrictive 
VSDs or AVSDs, are often seen in association with isthmic arch 
hypoplasia. 

The murmur of coarctation is of the ejection or continuous type, 
is rarely louder than grade III, starts well after S,, and may peak late in 
systole or extend into diastole. The point of maximal cardiac activity 
is variable and is most often palpable in the fifth or sixth intercostal 
space, extending out to the axillary line. The murmur of coarctation 
extends to and is often loudest in the interscapular area posteriorly. 

As with aortic stenosis and obstruction of the left-heart outflow, 
the newborn with coarctation may present with signs of low output 
and heart failure. Prostaglandins have proved useful in this circum- 
stance, alleviating the obstruction by dilating reactive muscle in the 
aortic wall, which may have extended from the ductus or with opening 
of the ductus itself, enabling right-to-left ductal flow to the lower body 
and relieving associated pulmonary hypertension. 

Treatment in the neonate is surgical. However, after infancy, aortic 
coarctation angioplasty with balloon or stent placement may be con- 
sidered, as may surgery. 


MITRAL VALVE STENOSIS 


Congenital mitral valve stenosis (Fig. 8.23) is uncommon; when it 
occurs, it is usually in association with additional left-sided heart 
obstructive abnormalities, particularly coarctation of the aorta, which 
is termed the Shone complex. The most common type of significant 
stenosis is caused by a single or “parachute” papillary muscle. In its 
most severe form, it is part of the hypoplastic left ventricle syndrome, 
in which the valve is small, very stenotic, or atretic. In affected patients, 
cyanosis, heart failure, and poor perfusion are evident within the first 
few days after birth. 

The leaflets in congenital stenosis are very immobile, and there is 
seldom the accentuation of the S, or an opening snap, which is char- 
acteristic of acquired or rheumatic mitral valve stenosis. 

The murmur of mitral valve stenosis arises from the increased 
velocity of blood flow across the relatively immobile mitral leaflets 
during diastolic filling of the left ventricle. This causes a charac- 
teristic low-pitched mid-diastolic flow rumble best heard in the 
mitral area. 

Rheumatic mitral valve stenosis is common in many areas of the 
world but is uncommon in the United States. As a consequence of 
mitral obstruction, the left atrial and pulmonary venous pressures are 
elevated. Often there is a reflex or secondary elevation of pulmonary 
artery pressures caused by thickening or constriction of small muscular 
pulmonary arteries. The features of pulmonary hypertension, includ- 
ing a prominent right ventricular tap, single loud or palpable S,, and 
high-pitched pulmonary insufficiency may be apparent. 

Excursion of the thickened leaflets often causes an early diastolic 
high-pitched opening snap before the onset of the murmur. In severe 
stenosis, strong atrial contraction late in diastole may create a late dia- 
stolic crescendo murmur. A loud S; is often heard in this condition. 
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FIGURE 8.23 Mitral valve stenosis. The murmur of mitral valve steno- 
sis occurs during the period of passive and active filling of the ventricle 
as turbulence occurs across the obstructive mitral valve. Pulmonary 
hypertension often arises as a consequence of the downstream 
obstruction. 


ATRIOVENTRICULAR VALVE AND SEMILUNAR 
VALVE INSUFFICIENCY 


Tricuspid Valve Regurgitation 


Tricuspid valve regurgitation (insufficiency) (Fig. 8.24) is uncommon 
in childhood in the absence of additional abnormalities. It may be a 
consequence of pulmonary artery hypertension, in which the high- 
pressure right ventricle contributes to a high-pitched holosystolic 
murmur at the lower-left or lower-right sternal border (tricuspid area). 

Less often, tricuspid valve insufficiency may occur in association 
with a displaced and malformed tricuspid valve (Ebstein anomaly), in 
which case the pulmonary arterial and right ventricular pressures are 
not elevated, and the holosystolic murmur is low pitched. The features 
of right-sided cardiac murmurs vary much more with the respiratory 
cycle than do left-sided heart murmurs. There may be signs of right- 
sided heart failure: an enlarged pulsatile liver and, in the older child, a 
prominent V wave pulsation in the neck veins. 


Mitral Valve Insufficiency 


Mitral valve insufficiency (Fig. 8.25) is associated with a diffuse and 
dynamic apical impulse. If the volume of regurgitant flow is great, a 
bifid or double apical impulse of a palpable S, may be apparent. 

The insufficiency jet of blood from the powerful left ventricle to 
the thin-walled left atrium causes a high-pitched blowing holosystolic 
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FIGURE 8.24 Tricuspid valve insufficiency. The holosystolic murmur 
of tricuspid valve insufficiency is low pitched in the absence of any 
pulmonary outflow obstruction. This makes tricuspid valve insufficiency 
very challenging to hear. 


murmur that has an abrupt onset. This murmur is heard best with the 
diaphragm of the stethoscope placed anteriorly in the mitral area. The 
systolic murmur radiates to the axillae. 

The S, is usually of normal to increased intensity, but if the valve 
abnormality is rheumatic in origin, it may be sufficiently deformed 
that S, is quite soft. If the mitral regurgitation is quite significant, an 
S; filling sound is heard, often associated with a mid-diastolic flow 
rumble of “relative” mitral valve stenosis. Mitral valve insufficiency 
may be seen as a congenital lesion, in response to dilated annulus 
secondary to heart failure, during acute rheumatic fever, or as part of 
the mitral valve prolapse spectrum. 


Mitral Valve Prolapse 


This common condition of adolescents and young adults manifests as 
laxity of the mitral valve and results in slippage or displacement of 
the valve leaflets backward into the left atrium during systole (see 
Fig. 8.25). 

The sudden tensing of the mitral valve often causes a mid-systolic 
click or sometimes multiple clicks that can be heard best in the mitral 
area. The click is frequently followed by a late high-pitched systolic 
murmur of mitral valve insufficiency. The timing of the click or clicks 
and the intensity of the murmur often vary with body position. When 
the patient is sitting up (and even more so during standing), the 
murmur gets louder or may be heard even when no murmur was heard 
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FIGURE 8.25 Mitral valve prolapse. The auscultatory examination find- 
ings can be very distinctive, with one or more sharp clicks being heard 
throughout systole. A late systolic high-pitched murmur may arise if 
mitral valve insufficiency occurs. 


when the patient was lying down. This is because the left ventricular 
architecture changes in the upright position. In rare cases, the position 
change may result in a late systolic murmur’s becoming full length, 
although with late accentuation. The electrocardiogram often shows 
unusually anterior and superior T waves with prominent U waves, 
which suggests papillary muscle dysfunction. 

Mitral valve prolapse does not usually progress in childhood, but 
it may be associated with supraventricular tachycardia, chest pain, 
and possibly endocarditis or cerebrovascular embolism. Ventricular 
tachycardia and fibrillation may occur in adults, but sudden cardiac 
death is very unusual during childhood and adolescence. Thickening 
of the valve, in addition to prolapse, increases the risk of these 
complications. 


Pulmonary Valve Insufficiency 


Pulmonary valve insufficiency (Fig. 8.26) rarely if ever occurs in isola- 
tion. Most often, congenital regurgitation of the pulmonic valve occurs 
in association with a pulmonary outflow obstruction such as in the 
absent pulmonary valve syndrome. 

When the pulmonary arterial pressure is low, valve insufficiency is 
recognized by a very low- to medium-pitched early diastolic murmur 
that starts with P». This is heard best in the pulmonary area and extends 
for a short distance down the left sternal edge. 
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FIGURE 8.26 Pulmonary valve insufficiency. A low-pitched early dia- 
stolic murmur is heard just after the second heart sound. The murmur 
characteristically tapers into diastole. 


The more common types of pulmonary regurgitation are acquired, 
commonly after surgery for severe pulmonary valve stenosis, as occurs 
with tetralogy of Fallot, when the pulmonary outflow patch is placed 
and the valve leaflets are deficient or absent. Because no P, exists, the 
murmur often appears to start significantly after S,. Because these 
patients often have surgically acquired right bundle branch block, the 
pulmonary valve closure would be well separated from aortic valve 
closure if the sound could be heard. The diastolic decrescendo murmur 
begins at that time. 

Pulmonary hypertension, particularly when associated with a high 
pulmonary vascular resistance, is a common cause of secondary pul- 
monary insufficiency. Often, a pulmonary ejection click may be present 
because of the dilated pulmonary root. The S, is narrowly split or single 
because the high pulmonary artery diastolic pressure closes the valve 
early. A diastolic decrescendo murmur then begins with pulmonary 
valve closure and is high in frequency because the pulmonary artery 
pressure is high. 


Aortic Valve Insufficiency 


Congenital insufficiency of the aortic valve (Fig. 8.27) is rare and is 
usually mild and may not be audible. The valve may or may not be 
bicuspid. There is usually an aortic ejection click that is well separated 
from S,, does not vary with respiration, and is usually best heard at the 
apex. The S, split is normal, although the A, may be loud and may have 
a “tambour” quality. 
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FIGURE 8.27 Aortic valve insufficiency. In contrast to the low-pressure 
murmur of pulmonary valve insufficiency (in the absence of pulmonary 
hypertension), the murmur of aortic valve insufficiency is high pitched 
and audible from the aortic area extending to the apex. The peripheral 
pulses and the intensity and length of the murmur provide clinical 
quantification of the magnitude of regurgitant flow. 


After closure of the aortic valve (A,), regurgitation of leakage at this 
site creates the high-pitched, early diastolic decrescendo murmur of 
aortic insufficiency. This murmur is heard best at the third left or right 
intercostal space while the patient is sitting. The pulse pressure is 
normal if the leak is mild. 

The most common form of aortic insufficiency is acquired, most 
often as a consequence of severe rheumatic carditis, and can be present 
in both acute rheumatic fever and chronic rheumatic heart disease. In 
acute insufficiency, there is usually no aortic ejection click. The left 
ventricular impulse is abnormal and hyperdynamic, and a wide pulse 
pressure is present. 

A long, low-frequency musical diastolic rumble beginning one- 
third of the time into diastole may occur, especially in the left lateral 
decubitus position in patients with significant valve insufficiency. This 
is called the Austin Flint murmur. It is believed to be related to regur- 
gitant aortic flow passing across the anterior mitral valve and fluttering 
of the leaflet in conjunction with mitral valve inflow. 


MISCELLANEOUS CARDIAC ANOMALIES 
Pericardial Disease 


Many infectious and noninfectious diseases may cause inflammation 
of the pericardial sac and surrounding structures. The presence of fluid 
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in the pericardial sac may compromise cardiac filling and result in 
life-threatening impairment of cardiac output, “pericardial tampon- 
ade.” The auscultatory findings in these cases often include friction 
rubs. 

These variable sounds are high-pitched, superficial, and scratching 
noises. They occur in synchrony with cardiac movement and can be 
heard during the early period after myocardial infarction and most 
frequently after cardiac surgery (see Chapter 7). 


PULMONARY HYPERTENSION 


After the neonatal period, pressures in the pulmonary circulation are 
normally low (approximately 25 mm Hg systolic, or about one fourth 
of the pressure in the systemic circulation or aorta). Many diseases have 
profound effects on the pulmonary circulation and can elevate pres- 
sures within the pulmonary arteries. These include diseases of lung, 
pulmonary vasculature, heart, or liver; collagen vascular diseases; and 
obstruction of the upper airways. 

One consistent physical finding detected in pulmonary hyperten- 
sion is an active right ventricular parasternal tap with a distinctive, 
sharp palpable P,. The P, is of increased intensity, and there is a single 
or narrowly split S,. There may be no audible murmur; a high-pitched 
murmur of pulmonary valve insufficiency or a high-pitched systolic 
murmur of tricuspid valve insufficiency may be present. 

Recognition of pulmonary hypertension warrants a diligent search 
for the underlying cause. If the reason for the elevated pulmonary 
artery pressure remains unclear, the disorder is referred to as primary 
pulmonary hypertension. If an etiology can be found, the disorder is 
termed secondary pulmonary hypertension. 


APPROACH TO CONGENITAL HEART DISEASE 


Congenital heart disease may produce an asymptomatic murmur, 
heart failure, cyanosis, cyanosis with heart failure, or severe cardiogenic 
shock (Fig. 8.28). Malformations associated with profound and fixed 
cyanosis without heart failure are usually associated with right-sided 
obstructive lesions and a right-to-left shunt (e.g., pulmonary atresia, 
tetralogy of Fallot). Transposition of the great arteries with intact 
ventricular septum also manifests with profound and fixed hypoxia, 
with mild tachypnea, and with no heart failure. Malformations associ- 
ated with cyanosis and heart failure have a large mixing lesion (single 
ventricle, truncus arteriosus, transposition plus a VSD), in which pul- 
monary oxygenated venous return mixes with desaturated systemic 
venous return before ejection to the systemic arterial circulation. In 
addition, obstructed total anomalous pulmonary veins may produce 
severe cyanosis, pulmonary venous engorgement, and pulmonary 
hypertension. Lesions associated with left-sided obstruction (critical 
aortic stenosis, interrupted aortic arch, hypoplastic left heart syn- 
drome) produce significant cardiogenic shock, poor perfusion, and 
profound lactic acidosis. 

The chest radiograph may provide helpful clues to the cause of the 
lesion, depending on the paucity (pulmonary atresia) or plethora 
(obstructed total anomalous pulmonary venous return) of the pulmo- 
nary vascular markings; the left- or right-sided (tetralogy of Fallot, 
truncus arteriosus) position of the aorta; the configuration of the heart 
(boot-shaped, as in tetralogy of Fallot; egg-shaped, as in transposition 
of the great arteries; or massive enlargement, as in Ebstein anomaly); 
or the side of the chest (risk of heart disease is higher with dextrocar- 
dia, especially if the stomach bubble is on the left side of the abdomen 
or if the liver is midline). The chest radiograph is of some help in dis- 
tinguishing heart disease from congenital pneumonia, respiratory dis- 
tress syndrome, pneumothorax, and congenital diaphragmatic hernia. 
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FIGURE 8.28 Algorithmic approach to the child with a heart murmur. AV, atrioventricular. 


The electrocardiogram in infancy is of help in discriminating atrial 
and ventricular enlargement or hypertrophy and very helpful when 
there is an abnormal superior vector (complete atrioventricular canal, 
tricuspid atresia). 

Two-dimensional real-time color Doppler echocardiography is most 
useful in identifying the anatomy of congenital heart lesions. The echo- 
cardiogram enables assessment of the 4 chambers, the interconnecting 
valves, the great arteries, the pulmonary venous return, and the ana- 
tomic relationships between these structures. Furthermore, color 
Doppler flow studies can determine the presence, direction, and mag- 
nitude of right-to-left or left-to-right shunts. Echocardiography has 
replaced cardiac catheterization for all but the most complex congeni- 
tal heart lesions. 


ACUTE RHEUMATIC FEVER AND RHEUMATIC 
HEART DISEASE 


Rheumatic fever is a postinfectious, immunologically mediated inflam- 
matory disease of the heart, joints, brain, and skin that is caused by 
group A streptococcus. Valvulitis, as manifested by specific and new 
heart murmurs, is often part of the initial clinical picture. The specific 
heart murmurs are 3: mitral regurgitation, aortic regurgitation, and the 
rare Carey-Coombs murmur, a mid-diastolic rumble at the apex. Peri- 
carditis, usually associated with valvulitis, may produce a friction rub. 

After the acute rheumatic fever has run its course, any remaining 
murmurs become part of chronic rheumatic heart disease. If the 
patient has continued permanent reliable penicillin prophylaxis, the 
severity of the mitral regurgitation often disappears; this happens less 


commonly with aortic regurgitation. The development of mitral valve 
stenosis is part of the natural history of severe repeated episodes of 
acute rheumatic fever. Pure aortic stenosis does not develop, although 
in the presence of long-standing rheumatic heart disease with severe 
aortic regurgitation, some aortic stenosis may be present. In some very 
severe cases, tricuspid valve regurgitation has been documented, but it 
is rare. 

The diagnosis of acute rheumatic fever is suggested (although not 
definitively confirmed) by application of the revised Jones criteria, last 
edited in 2015 (Table 8.6). In addition, evidence of a group A strepto- 
coccal pharyngitis must be present, which may include a positive throat 
culture, positive streptococcal antigen or antistreptococcal antibody, or 
a history of prior episodes of rheumatic fever. In cases where carditis 
may be subclinical (no audible murmur), the diagnosis is supported 
by echocardiographic evidence of subclinical carditis (no audible 
murmur) by demonstrating significant mitral regurgitation with a 
regurgitant jet seen in 2 planes with chaotic flow and being holosystolic 
and extending 1 cm into the left atrium. Criteria for subclinical signifi- 
cant echocardiographic aortic regurgitation include its being seen in 2 
imaging planes, being holodiastolic, and extending 1 cm into the ven- 
tricle (Table 8.7). The differential diagnosis is limited in the presence 
of carditis and arthritis (see Chapter 33) but includes systemic lupus 
erythematosus. 


INFECTIVE ENDOCARDITIS 


An acute or subacute infection of the cardiac valves produces infective 
endocarditis. Infection may involve a native, previously normal heart 
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TABLE 8.6 Guidelines for the Diagnosis of Initial or Recurrent Attack of Rheumatic Fever 


(Jones Criteria, Updated 2015) 


Major Manifestations 


Carditis Clinical Features 
Polyarthritis Arthralgia 

Erythema marginatum Fever 

Subcutaneous nodules 
Chorea 


Minor Manifestations 


Laboratory Features 
Elevated acute-phase reactants: 


Supporting Evidence of Antecedent 
Group A Streptococcal Infection 


Positive throat culture or rapid streptococcal 
antigen test 
Elevated or increasing streptococcal antibody titer 


Erythrocyte sedimentation rate 


C-reactive protein 
Prolonged P-R interval 


1. Initial attack: 2 major manifestations, or 1 major and 2 minor manifestations, plus evidence of recent GAS infection. Recurrent attack: 2 major, or 1 
major and 2 minor, or 3 minor manifestations (the latter only in the Moderate/High-Risk population), plus evidence of recent GAS infection (see 


text). 


2. Low-Risk population is defined as ARF incidence <2 per 100,000 school-age children per year, or all-age RHD prevalence of <1 per 1000 
population. Moderate/High-Risk population is defined as ARF incidence >2 per 100,000 school-age children per year, or all-age RHD prevalence 


of >1 per 1000 population. 


3. Carditis is now defined as clinical and/or subclinical (echocardiographic valvulitis). 
4. Arthritis (major) refers only to polyarthritis in Low-Risk populations, but also to monoarthritis or polyarthralgia in Moderate/High-Risk 


populations. 


5. Minor criteria for Moderate/High-Risk populations only include monoarthralgia (polyarthralgia for Low-Risk populations), fever of >38° C 
(>38.5°C in Low-Risk populations), ESR >30 mm/hr (>60 mm/hr in Low-Risk populations). 

ARF, acute rheumatic fever; ESR, erythrocyte sedimentation rate; GAS, group A streptococci; RHD, rheumatic heart disease. 

From Gewitz MH, Baltimore RS, Tani LY, et al. Revision of the Jones criteria for the diagnosis of acute rheumatic fever in the era of Doppler 
echocardiography: a scientific statement from the American Heart Association. Circulation. 2015. 


TABLE 8.7 Echocardiographic Findings in Rheumatic Valvulitis 


Pathologic Mitral Regurgitation (All 4 Met) 
1. Seen in at least 2 views 
2. Jet length 22 cm in at least 1 view 


3. Peak velocity >3 meters/second 


4. Pan-systolic jet in at least 1 envelope 


Pathologic Aortic Regurgitation (All 4 Met) 
1. Seen in at least 2 views 

2. Jet length >1 cm in at least 1 view 

3. Peak velocity >3 meters/second 

4. Pan-diastolic jet in at least 1 envelope 


From Shulman ST. Group A streptococcus. In: Nelson Textbook of Pediatrics. 20th ed. Elsevier; 2016. 


valve, a valve or structure (e.g., PDA, VSD opposite an endocardial wall 
that is subjected to a jet stream) that is anomalous as a result of con- 
genital heart disease, or a prosthetic device (e.g., valve, conduit, patch, 
graft, shunt, or pacemaker). 

Endocarditis may affect congenital heart lesions (most commonly, 
tetralogy of Fallot, VSD, aortic stenosis, PDA, transposition of the great 
arteries), valves affected by rheumatic heart disease, and mitral valve 
prolapse. Endocarditis may develop in congenital heart anomalies in 
the unoperated and the postoperative state. Furthermore, up to 30% 
of cases of infective endocarditis occur on previously normal native 
valves. 

Endocarditis is the result of a bacteremia, which in a normal host 
is usually transient, asymptomatic, and without sequelae. The presence 
of a damaged valve, a jet stream—injured endocardium, or a foreign 
body (e.g., central catheter, graft, shunt, or patch) creates a nidus of 
infection that permits the bacteria to bind, proliferate, and remain 
sequestered from normal host defense mechanisms. Transient and pre- 
disposing bacteremias occur during dental procedures that induce 
bleeding (even dental cleaning); tonsillectomy or adenoidectomy; 
intestinal (e.g., gall bladder), urinary (e.g., catheterization, dilatation), 
prostatic (e.g., cystoscopy), or respiratory surgery; esophageal 


manipulation (e.g., sclerotherapy, dilatation), incision and drainage of 
infected tissue; and gynecologic procedures (e.g., vaginal hysterectomy, 
vaginal delivery). 

Bacterial vegetations grow and produce cardiovascular, embolic, or 
immune complex—mediated signs and symptoms (‘Table 8.8). Respon- 
sible bacteria are noted in Table 8.9; Staphylococcus aureus, &-hemolytic 
oral mucosa—derived streptococci, and enterococci are the dominant 
pathogens in native normal and unoperated anomalous valves. Staphy- 
lococcus epidermidis and S. aureus are common pathogens in the post- 
operative patient and in patients with prosthetic devices. 

The definitive diagnosis of infective endocarditis includes recovery 
of a microorganism from culture or histologic study of a heart, an 
embolized vegetation, or an intracardiac abscess. Vegetations may be 
demonstrated by the sensitive technique of transesophageal echocar- 
diography but are usually seen on transthoracic echocardiography. In 
the absence of direct definitive evidence, the following are important 
diagnostic factors: persistently positive blood cultures with a pathogen 
compatible with the diagnosis (see Table 8.9); echocardiographic evi- 
dence of an intracardiac mass, vegetations, perivalvular abscess, or new 
partial dehiscence of a prosthetic valve; and a new valvular murmur 
(regurgitation, or worsening or changing of a preexisting murmur). 
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TABLE 8.8 Manifestations of 
Infective Endocarditis 


History 

Prior congenital or rheumatic heart disease 
Preceding dental, urinary, or intestinal procedure 
Intravenous drug use 

Central venous catheter 

Prosthetic heart valve 


Symptoms 

Fever 

Chills 

Chest and back pain 

Arthralgia/myalgia 

Dyspnea 

Malaise 

Night sweats 

Weight loss 

CNS manifestations (stroke, seizures, headache, confusion) 


Signs 

Elevated temperature 

Tachycardia 

Embolic phenomena (Roth spots, petechiae, splinter nail bed hemorrhages, 
Osler nodes, CNS or ocular lesions) 

Janeway lesions 

New or changing murmur 

splenomegaly 

Arthritis 

Heart failure 

Arrhythmias, heart block, conduction disturbances 

Metastatic infection (arthritis, meningitis, mycotic arterial aneurysm, 
pericarditis, abscesses, septic pulmonary emboli) 

Digital clubbing 


Laboratory 

Positive blood culture 

Elevated erythrocyte sedimentation rate (may be low with heart or renal 
failure) 

Elevated C-reactive protein level 

Anemia 

Leukocytosis 

Immune complexes 

Hypergammaglobulinemia 

Hypocomplementemia 

Cryoglobulinemia 

Rheumatoid factor 

Hematuria 

Azotemia, high creatinine level (glomerulonephritis) 

Echocardiographic evidence of valve vegetations, prosthetic valve 
dysfunction or leak, or myocardial abscess 


CNS, central nervous system. 
Modified from Behrman RE, ed. Nelson Textbook of Pediatrics. 14th 
ed. Philadelphia: WB Saunders; 1992. 


Blood cultures are helpful if 2 or more drawn 12 hours apart are posi- 
tive or if a majority (e.g., 3 or 4) of separate cultures drawn in 1 hour 
are positive. More than 85% of first blood cultures are positive; the 
yield approaches 95% with the second blood culture. Sufficient blood 
must be inoculated into the media to detect the low-grade bacteremia 


TABLE 8.9 Bacterial Agents in Pediatric 
Infective Endocarditis 


Common: Native Valve or Other Cardiac Lesions 

Viridans group streptococci (Streptococcus mutans, Streptococcus sanguinis, 
Streptococcus mitis) 

Staphylococcus aureus 

Group D streptococci (Streptococcus bovis) 

Enterococcus faecalis 


Uncommon: Native Valve or Other Cardiac Lesions 
Streptococcus pneumoniae 

Haemophilus influenzae 

Coagulase-negative staphylococci 

Abiotrophia defectiva (nutritionally variant streptococcus) 
Coxiella burnetii (Q fever)* 

Neisseria gonorrhoeae 

Brucella" 

Chlamydia psittaci* 

Chlamydia trachomatis* 

Chlamydia pneumoniae* 

Legionella* 

Bartonella* 

Tropheryma whipplei * (Whipple disease) 

HACEK group' 

Streptobacillus moniliformis* 

Pasteurella multocida™ 

Campylobacter fetus 

Culture negative (6% of cases) 


Prosthetic Valve 
Staphylococcus epidermidis 
Staphylococcus aureus 
Viridans group streptococci 
Pseudomonas aeruginosa 
Serratia marcescens 
Diphtheroids 

Legionella species™ 

HACEK group' 

Fungi’ 


*These fastidious bacteria plus some fungi may produce culture- 
negative endocarditis. Detection may require special media, 
incubation for more than 7 days, polymerase chain reaction on blood 
or valve for 16S rRNA (bacteria) or 18S rRNA (fungi), or serologic 
tests. 

"The HACEK group includes Haemophilus species (H. paraphrophilus, 
H. parainfluenzae, H. aphrophilus), Actinobacillus 
actinomycetemcomitans, Cardiobacterium hominis, Eikenella 
corrodens, and Kingella species. 

*Candida species, Aspergillus species, Pseudallescheria boydii, 
Histoplasma capsulatum. 

From Bernstein D. Infective endocarditis. In: Nelson Textbook of 
Pediatrics. 20th ed. Elsevier; 2016. 


of infective endocarditis; excessive blood inoculation may inhibit bac- 
terial growth by continued activity of leukocytes unless the technique 
involves centrifugation lysis. The cultures should be incubated for 
more than the routine 72 hours (often 1-2 weeks), and the laboratory 
should be notified of the possible diagnosis so that laboratory person- 
nel can enrich the media to encourage the growth of fastidious 
nutrient-dependent organisms. 


Additional criteria for diagnosing infective endocarditis include 
fever, predisposing heart lesions and procedures (many patients have 
undergone no identifiable procedure), vascular phenomena (embo- 
lism, Janeway lesions, petechiae, septic pulmonary infarcts, intracranial 
hemorrhage), immune lesions (glomerulonephritis, Roth spots, Osler 
nodes), a suggestive but not definitive echocardiogram, and microbio- 
logic criteria (positive blood culture but not as defined earlier; sero- 
logic evidence of active infection). 

To prevent infective endocarditis, high-risk patients, procedures, 
and factors that predispose to bacteremia need to be identified (Table 
8.10). Patients needing infective endocarditis prophylaxis include those 
with intracardiac foreign bodies (prosthetic valve, grafts), prior epi- 
sodes of infective endocarditis, a heart transplant with abnormal valve 
function, and certain congenital heart abnormalities including the fol- 
lowing: (1) cyanotic congenital heart disease that has not been fully 
repaired, including children who have had surgical shunts and con- 
duits; (2) a congenital heart defect that has been repaired with pros- 
thetic material or a device for the first 6 months after the repair 
procedure; and (3) repaired congenital heart disease with residual 
defects, such as persisting leaks or abnormal flow at or adjacent to a 
prosthetic patch or prosthetic device. 
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TABLE 8.10 2007 Statement of the 
American Heart Association (AHA): Cardiac 
Conditions Associated with the Highest Risk 
of an Adverse Outcome from Infective 
Endocarditis for Which Prophylaxis with 
Dental Procedures Is Reasonable 


Prosthetic cardiac valve or prosthetic material used for cardiac valve repair 
Previous infective endocarditis 


Congenital Heart Disease (CHD)* 

Unrepaired cyanotic CHD, including palliative shunts and conduits 

Completely repaired CHD with prosthetic material or device, whether placed 
by surgery or catheter intervention, during the 1-6 mo after the procedure’ 

Repaired CHD with residual defects at the site or adjacent to the site of a 
prosthetic patch, or prosthetic device (which inhibits endothelialization) 


Cardiac transplantation recipients who develop cardiac valvulopathy 


*Except for the conditions listed here, antibiotic prophylaxis is no 
longer recommended by the AHA for any other form of CHD. 
‘Prophylaxis is reasonable because endothelialization of prosthetic 
material occurs within 6 mo after the procedure. 

From Wilson W, Taubert KA, Gewitz M, et al. Prevention of infective 
endocarditis. Guidelines from the American Heart Association. 
Circulation. 2007;116:1736-754. 


Murmurs may be caused by cardiac or noncardiac lesions and may be 
congenital or acquired. Murmurs in the neonatal period are often 
transient, as a result of the changing hemodynamics of the transitional 
circulation between fetal and neonatal life, or as a result of the common 
occurrence of a small VSD, which usually closes in the first 1-5 years 
of life. Most murmurs at all ages are not caused by cardiac disease and 
are not associated with symptoms or increased risk for disease. 

Red flags in the neonatal period include cyanosis or heart failure 
with or without the presence of other congenital anomalies or syn- 
dromes, such as trisomy 21. Such syndromes often manifest with mul- 
tiple congenital anomalies, including those involving the cardiovascular, 
gastrointestinal, and central nervous systems. In the neonatal period, 
things not to miss include ductus-dependent lesions, in which systemic 
blood flow (as in interrupted aortic arch, hypoplastic left heart syn- 
drome) or pulmonary blood flow (as in pulmonary atresia) is through 
the PDA. Sudden deterioration, cyanosis, or heart failure with increas- 
ing metabolic acidosis and a reduction in the murmur suggests closure 
of the ductus arteriosus. Another thing not to miss is the murmur 
associated with an arteriovenous malformation, such as the cerebral 
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vein of Galen malformation, which manifests with heart failure and a 
cranial bruit. Finally, obstructed total anomalous venous return may 
be confused with persistent fetal circulation, and it may be difficult to 
establish the diagnosis. Total anomalous venous return is associated 
with fixed, profound cyanosis (PaO, <35 mm Hg), severe pulmonary 
venous congestion, and a small heart. 

Acquired murmurs or symptomatic murmurs that change in 
quality should suggest acute or recurrent rheumatic fever, or infective 
endocarditis. Systemic symptoms and peripheral signs associated with 
these disorders are suggestive of the diagnosis. Arthritis (associated 
with rheumatic fever or endocarditis-induced immune complexes), 
fever, anemia, leukocytosis, cutaneous manifestations (erythema mar- 
ginatum and subcutaneous nodules in rheumatic fever; Osler nodes, 
Janeway lesions, petechiae, and splinter hemorrhages in infective endo- 
carditis), and evidence of prior infection (streptococcal antibodies) or 
current infection (positive blood cultures) help identify the nature of 
the acquired heart disease. Finally, heart murmurs in a normal heart 
may be caused by hemodynamic factors, such as severe anemia or 
thyrotoxicosis. 


REFERENCES 


Introduction 

Boneva RS, Botto LD, Moore CA, et al. Mortality associated with congenital 
heart defects in the United States: Trends and racial disparities, 1979- 
1997. Circulation. 2001;103:2376-2381. 

Day INM, Wilson DI. Genetics and cardiovascular risk. BMJ. 
2001;323:1409-1412. 

Goldmuntz E. The epidemiology and genetics of congenital heart disease. 
Clin Perinatol. 2001;28:1-10. 

Karl TR. Neonatal cardiac surgery: Anatomic, physiologic, and technical 
considerations. Clin Perinatol. 2001;28:159-185. 


Origins of Heart Sounds 

Glover DD, Murrah RL, Olsen CO, et al. Mechanical correlates of the third 
heart sound. J Am Coll Cardiol. 1992;19:450-457. 

Nitta M, Ihenacho D, Hultgren HN. Prevalence and characteristics of the 
aortic ejection sound in adults. Am J Cardiol. 1988;61:142-145. 

Shaver JA, O’Toole JD. The second heart sound: Newer concepts, part I: 
Normal and wide physiological splitting. Mod Concepts Cardiovasc Dis. 
1977;46:7-17. 

Tilkian AG, Conover MB. Understanding Heart Sounds and Murmurs, With an 
Introduction to Lung Sounds. 3rd ed. Philadelphia: WB Saunders; 1993. 

Zoneraich S. Evaluation of century-old physical signs, S; and S,, by modern 
technology. J Am Coll Cardiol. 1992319:458-459. 


Cardiovascular Assessment 

Gessner IH. Evaluation of the infant and child with a heart murmur. In: 
Gessner IH, Victoria BE, eds. Pediatric Cardiology: A Problem Oriented 
Approach. Philadelphia: WB Saunders; 1993. 

Liebman J. Diagnosis and management of heart murmurs in children. Pediatr 
Rev. 1982;3:321-329. 

McNamara DG. Value and limitations of auscultation in the management of 
congenital heart disease. Pediatr Clin North Am. 1990;37:93-113. 

Pelech AN. The cardiac murmur. Pediatr Clin North Am. 1998;45:107-122. 

Poskitt EME. Failure to thrive in congenital heart disease. Arch Dis Child. 
1993;68:158-160. 

Silove ED. Assessment and management of congenital heart disease in the 
newborn by the district paediatrician. Arch Dis Child. 1994;70:F71-F74. 


Murmurs in Children with Normal Hearts 

Canent RV. Recognizing common innocent heart murmurs in infants and 
children. Mo Med. 1986;83:621-625. 

Etchells E, Bell C, Robb K. Does this patient have an abnormal systolic 
murmur? JAMA. 1997;277:564-571. 

Lembo N, Dell’Italia L, Crawford M, et al. Bedside diagnosis of systolic 
murmurs. N Engl J Med. 1988;318:1572-1578. 

Rosenthal A. How to distinguish between innocent and pathologic murmurs 
in childhood. Pediatr Clin North Am. 1984;31:1229-1240. 

Rosenthal A. Office maneuvers for evaluating children’s heart murmurs. 
Consultant. 1986;26:147-160. 

Stein PD, Sabbah HN. Aortic origin of innocent murmurs. Am J Cardiol. 
1977;39:665-671. 


Vibratory Still Murmur 
Martins L, Van Zeller P, Roch-Goncalves F, et al. Morphology, prevalence and 


clinical significance of left ventricular false tendons in adults. Acta Cardiol. 


1988;93:245. 

Perry LW, Ruckman RN, Shapiro SR, et al. Left ventricular false tendons in 
children: Prevalence as detected by 2-dimensional echocardiography and 
clinical significance. Am J Cardiol. 1983;52:1264. 

Shiekh MV, Lee WR, Mills RJ, et al. Musical murmurs: Clinical implications, 
long term prognosis, and echo-phonocardiographic features. Am Heart J. 
1984;108:377-386. 


Peripheral Pulmonary Arterial Stenosis 

Danilowicz DA, Rudolph AM, Hoffman JI, et al. Physiologic pressure 
differences between the main and branch pulmonary arteries in infants. 
Circulation. 1972;45:410. 


CHAPTER 8 Murmurs 


The Supraclavicular Murmur 

Kawabori I, Stevenson JG, Dooley TK, et al. The significance of carotid bruits 
in children. Am Heart J. 1979;98:160. 

Nelson WP, Hall RJ. The innocent supraclavicular arterial bruit—utility of 
shoulder maneuvers in its recognition. N Engl J Med. 1968;278:778. 


Aortic Systolic Murmur 


Stein PD, Sabbah HN. Aortic origin of innocent murmurs. Am J Cardiol. 
1977;39:665. 


Venous Hum 

Cutforth R, Wiseman J, Sutherland RD. The genesis of the cervical venous 
hum. Am Heart J. 1970;80:488. 

Potain SC. Des mouvements et des bruits qui se passent dans les veines 
jugulaires. Bull Mem Soc Med Hop Paris. 1867;4:3. 


Mammary Arterial Soufflé 


Tabatznik B, Randall TW, Hersch C. The mammary souffle of pregnancy and 
lactation. Circulation. 1960322:1069. 


Congenital Heart Disease 

Brickner ME, Hillis LD, Lange RA. Congenital heart disease in adults. N Engl 
J Med. 2000;342:256-263. 

Driscoll DJ. Left-to-right shunt lesions. Pediatr Clin North Am. 
1999;46:355-368. 

Fedderly RT. Left ventricular outflow obstruction. Pediatr Clin North Am. 
1999;46:369-384. 

Grifka RG. Cyanotic congenital heart disease with increased pulmonary blood 
flow. Pediatr Clin North Am. 1999;46:405-425. 

Karl TR. Neonatal cardiac surgery: Anatomic, physiologic, and technical 
considerations. Clin Perinatol. 2001;28:159-185. 

Ovaert C, McCrindle BW, Nykanen D, et al. Balloon angioplasty of native 
coarctation: Clinical outcomes and predictors of success. J Am Coll 
Cardiol. 2000;35:988-996. 

Pihkala J, Nykanen D, Freedom RM, et al. Interventional cardiac 
catheterization. Pediatr Clin North Am. 1999;46:441-464. 

Thangaratinam S, Brown K, Zamora J, et al. Pulse oximetry screening 
for critical congenital heart defects in asymptomatic newborn 
babies: a systematic review and meta-analysis. Lancet. 2012;379: 
2459-2464. 

Waldman JD, Wernly JA. Cyanotic congenital heart disease with decreased 
pulmonary blood flow in children. Pediatr Clin North Am. 
1999;46:385-404. 


Acute Rheumatic Fever and Rheumatic Heart Disease 

Babu AN, Kymes SM, Carpenter Fryer SM. Eponyms and the diagnosis of 
aortic regurgitation: what says the evidence? Ann Intern Med. 
2003;138:736-742. 

Figueroa FE, Fernandez MS, Valdes P, et al. Prospective comparison of clinical 
and echocardiographic diagnosis of rheumatic carditis: Long term follow 
up of patients with subclinical disease. Heart. 2001;85:407-410. 

Gewitz MH, Baltimore RS, et al. Revision of the Jones Criteria for the 
diagnosis of acute rheumatic fever in the era of Doppler 
echocardiography: a scientific statement from the American Heart 
Association. Circulation. 2015;131:1806-1818. 

Marcus RH, Sareli P, Pocock WA, et al. The spectrum of severe rheumatic 
mitral valve disease in a developing country. Correlations among clinical 
presentation, surgical pathologic findings, and hemodynamic sequelae. 
Ann Intern Med. 1994;120:177-183. 

Stollerman GH. Variation in group A streptococci and the prevalence of 
rheumatic fever: A half-century vigil. Ann Intern Med. 19933118: 
467-469. 

Stollerman GH. Rheumatic fever in the 21st century. Clin Infect Dis. 
2001;33:806-814. 

Veasy LG. Time to take soundings in acute rheumatic fever. Lancet. 
20013357:1994-1995. 

Veasy LG, Tani LY, Hill HR. Persistence of acute rheumatic fever in the 
intermountain area of the United States. J Pediatr. 1994;124:9-16. 

Wald ER. Acute rheumatic fever. Curr Probl Pediatr. 1993;23:264-270. 


SECTION2 Cardiac Disorders 


Infective Endocarditis 

Awadallah SM, Kavey REW, Byrum CJ, et al. The changing pattern of infective 
endocarditis in childhood. Am J Cardiol. 1991;68:90-94. 

Baltimore RS. Infective endocarditis in children. Pediatr Infect Dis J. 
1992;11:907-913. 

Bayer AS, Ward JI, Ginzton LE, et al. Evaluation of new clinical criteria for 
the diagnosis of infective endocarditis. Am J Med. 1994;96:211-218. 

Bouza E, Menasalvas A, Munoz P, et al. Infective endocarditis: A prospective 
study at the end of the twentieth century. Medicine (Baltimore). 
2001;80:298-307. 

Brook MM. Pediatric bacterial endocarditis: Treatment and prophylaxis. 
Pediatr Clin North Am. 1999;46:275-287. 

Carpenter JL. Perivalvular extension of infection in patients with infectious 
endocarditis. Rev Infect Dis. 1991;13:127-138. 

Dajani AS, Taubert KA, Wilson W, et al. Prevention of bacterial endocarditis: 
Recommendations by the American Heart Association. JAMA. 
1997;277:1794-1801. 


Hansen D, Schmiegelow K, Jacobsen JR. Bacterial endocarditis in children: 
Trends in its diagnosis, course, and prognosis. Pediatr Cardiol. 
1992;13:198-203. 

Mylonakis E, Calerwood SB. Infective endocarditis in adults. N Engl J Med. 
2001;345:1318-1330. 

Saiman L, Prince A, Gersony WM. Pediatric infective endocarditis in the 
modern era. J Pediatr. 1993;122:847-853. 

Tolan RW, Kleiman MB, Frank M, et al. Operative intervention in active 
endocarditis in children: Report of a series of cases and review. Clin Infect 
Dis. 1992;14:852-862. 

Wilson W, Taubert KA, Gewitz M, et al. Prevention of infective endocarditis: 
guidelines from the American Heart Association. A guideline from the 
American Heart Association Rheumatic Fever, Endocarditis, and Kawasaki 
Disease Committee, Council on Cardiovascular Disease in the Young, and 
the Council on Clinical Cardiology, Council on Cardiovascular Surgery 
and Anesthesia, and the Quality of Care and Outcomes Research 
Interdisciplinary Working Group. Circulation. 2007;116:1736-1754. 


SECTION 3 Gastrointestinal Disorders 


Failure to Thrive 


Susan Feigelman and Virginia Keane 


Calories from food provide energy for the body’s maintenance func- 
tions of repair, regulation, metabolic functions, replacement of losses, 
and daily activity. Children have additional caloric requirements 
because they must also grow. Children under the age of 3 years whose 
caloric needs are not met do not grow according to published norms 
and are said to have failure to thrive (FTT) or growth faltering. FTT 
raises serious concerns. It is important to have a systematic, stepwise 
approach to the diagnosis and management of poor growth in young 
children and to follow growth over time. 

The term failure to thrive is used to describe growth failure that 
accompanies many pathologic conditions as well as psychosocial 
causes. Differentiation between organic (biomedical) and nonorganic 
(psychosocial/environmental) is not always useful; children often have 
a combination of psychosocial and biomedical problems. Children 
with medical conditions will often have psychosocial issues related to 
eating and dysfunctional feeding patterns with caregivers. Children 
with primarily social or emotional issues around eating may develop 
medical consequences of undernutrition. 

There is a poor yield from exhaustive laboratory evaluations of 
most children with FTT. Testing should be based on clues from the 
history and physical examination. Children with biomedical and/or 
psychosocial causes of FTT may or may not gain weight in institutional 
settings, and this short-term outcome is not always diagnostic. 

The best diagnostic tool available to the clinician is a comprehen- 
sive history, including diet, family, growth (over time) and social his- 
tories, and a complete review of systems; and a complete physical 
examination. Further work-up should be directed by results from this 
initial evaluation. 


NORMAL GROWTH 


Newborns typically lose up to 10-12% of their birthweight during the 
first few days of life and regain this weight by the age of 2 weeks. Sub- 
sequently, they gain weight at a steady pace of about 1 oz per day for 
the first 3 months; gain at half to two thirds that rate for the next 3 
months and half to two thirds again for the next 6 months. This results 
in a doubling of birthweight by the age of 4-6 months and a tripling 
before 1 year. Height and head circumference grow at similar well- 
defined rates. These three growth parameters should be plotted on 
appropriate growth charts and monitored for adherence to standard 
growth rates. Children grow in a stepwise manner, but on average their 
growth pattern follows the accepted curves (see Chapter 43). Online 
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tools are available to assist with the determination of growth status 
(peditools.org). 

Between the ages of 1 and 3 years, if caloric intake is normal, the 
child’s growth adjusts to his/her genetic potential. Ultimate height is 
determined by additional factors, among them rates of bone maturity 
and pubertal development (see Chapter 43). Considerable energy from 
ingested food is required to achieve this growth. The energy balance 
can be described by the following equation, in which E equals energy: 


Ew = Eour + E aawth + Ead 


E our is the sum of basal metabolic rate, energy expended in physi- 
cal activity, and the energy needed for food digestion. Children should 
be in a positive energy balance for growth. Any imbalance in this 
energy equation (losing or using more calories than are ingested) 
results in abnormal growth patterns. Weight is usually affected first, 
followed by height and finally head circumference if the energy imbal- 
ance is severe and prolonged in young children. 


DEFINITIONS 


FTT is a sign, not a diagnosis. FTT is generally used to describe chil- 
dren younger than 2 or 3 years who meet any of the following 
criteria: 

1. Growth under the third percentile on World Health Organiza- 
tion (WHO) weight for age growth charts (<3% = less than 3 
standard deviations below mean) 

2. Weight for height or body mass index (BMI) less than the 5th 
percentile 

3. Growth patterns that have crossed two major percentiles down- 
ward on the weight for age charts within 6 months 

4. Growth velocity less than normal for age 

There are inherent problems with these definitions. Three percent 

of the population is at or below the 3rd percentile, and so those who 
are growing appropriately per their genetic potential must be differen- 
tiated from those with growth problems. The child who has been obese 
and is now approaching normal weight for height, crossing major 
weight percentiles in the process should not be considered a child 
with FTT. Some children are naturally slim. The clinician must exercise 
considerable judgment before raising the concern of poor growth. 

Additional terms are used to describe children who are not growing 

well. A child has wasting if the weight for length or weight for height 
is below —2 standard deviations (or —2 z-scores which is equal to 
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(See Nelson Textbook of Pediatrics, p. 250.) 


TABLE 9.1 


Weight 
Decreased 


Height Head Circumference 


Type | Decreased/normal Normal 


Type II Decreased Decreased Normal 


Type Ill Decreased Decreased Decreased 
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Three Major Anthropologic Categories of Failure to Thrive 


Associated Diseases 


Malnutrition of organic or nonorganic etiology, usually secondary to intestinal, 
pancreatic, liver diseases or systemic illness or psychosocial factors 


Endocrinopathies, bony dystrophy, constitutional short stature 


Chromosomal, metabolic disease, intrauterine and perinatal insults, severe 
malnutrition 


From Shashidar H, Toila V. Failure to thrive. In: Wyllie R, Hyams JS, Kay M, eds. Pediatric Gastrointestinal and Liver Disease. 4th ed. 


Philadelphia: Elsevier; 2011:137. 


<3 centile). Stunting is defined as a child whose height or length is less 
than —2 z-scores due to chronic undernutrition. In the third year of 
life, children are described as underweight if weight/age is <5% or if 
BMI is <5% or 10%. Short stature or microcephaly alone is not due to 
nutritional deficiencies (Table 9.1). 


INTERPRETATION OF GROWTH CHARTS 


The evaluation for any child who is not growing well includes a careful 
analysis of growth charts. A review of the growth pattern over time is 
the most useful. Measurements of length are the most susceptible to 
error; standard procedures should be used (see Chapter 43). Possible 
errors in weight, head circumference, date of birth, or plotting on 
the growth chart should all be considered. Once the correct data are 
available, the charts should be examined to answer the following 
questions: 

° Are the measurements of length and weight proportionate? 

° Has the head grown proportionately? 

e How severe are the deficits of each measurement, relative to 

what is expected? 

° When did the problem start and progress? 

° Is the problem acute or chronic? 

° What environmental factors were present at the start of this 

process (weaning, introduction of new foods)? 

Although weight is usually the most readily available measurement, 
measurement of length is particularly critical, because it serves as the 
point of reference for other diagnostic considerations. The best way to 
obtain accurate length measurements is to use a specially calibrated 
length board with a fixed headpiece and a movable footpiece. In the 
absence of such a device, the examiner can use a table or desk with the 
infant’s head pressed against the wall and a firm square box or thick 
textbook for the sliding footer. Measurements obtained with the infant 
lying on a mattress and marked with a pen on the sheet are not accurate 
(see Chapter 43). 

The choice of growth curves is important. In the United States, the 
recommendation is to use the WHO charts from birth through the 
second year of life (http://www.cdc.gov/growthcharts/who_charts.htm) 
(see Chapter 43). Some children previously classified as FTT now fall 
into the normal range. Their health status may be worse than those 
classified as within normal range on both charts. The 2000 age- and 
gender-specific National Center for Health Statistics growth charts 
published by the Centers for Disease Control and Prevention com- 
bined data across geographic and ethnic populations and are appropri- 
ate to use for children over 24 months of age. 

Conventions differ in whether to plot age in relation to actual birth 
date or to use corrected gestational age. Growth charts following chil- 
dren prenatally to infancy are available (see Fenton and Olsen at pedi- 
tools.org). Beyond the equivalent of 40 weeks of gestation, standard 
charts can be used, keeping in mind that premature infants may not 
catch up on all parameters for 2 or 3 years. 


TABLE 9.2 Classification of Degree 
of Malnutrition 
Weight 


BMI for Length 
z-Score Percentile 


Weight Deficit 
(for Current 
Length) 


Degree/Risk of 
Malnutrition 


50% 90—100% 


Normal 

80-90% Mild 

70-80% Moderate 
</0% severe 


2.4-15.9% 
0.2-2.3% 
<0.2% 


Because infants with FTT no longer follow their growth curves, the 
usual convention of expressing growth measurements in relation to 
normal percentiles is not always useful. Researchers use weight/length 
or BMI z-scores to better define and assess degree of malnutrition 
(Table 9.2). 

Some conventions classify the severity of wasting or “malnutrition” 
by the weight deficit for the current length. Loss of about 40% of 
expected weight for length (actual weight divided by expected weight 
for length <60% ) is the extreme of wasting that is compatible with 
survival. Therefore, 80-90% actual weight divided by expected weight 
for length corresponds to mild, 70-80% is moderate, and 60-70% is 
severe. These calculations are critical for planning nutritional rehabili- 
tation and therefore essential to the overall diagnostic and treatment 
processes. 

It is important to note the following points: 

1. Infants and toddlers who are short in proportion to weight 

should be considered to have primary growth problems, includ- 
ing various endocrine and skeletal disorders (see Chapter 43) 
(see Table 9.1). 

2. Infants who have had inadequate caloric intake will be abnor- 
mally thin. If the problem developed at some time after birth, 
weight will drop off before changes in length or head 
circumference. 

3. Infants with disproportionately small heads may have primary 
neurologic problems affecting brain growth because head 
growth is the last to be affected by malnutrition and is not 
characteristic of primary skeletal growth problems (see Table 
9.1). An alternative diagnosis is craniosynostosis, or early closure 
of skull growth plates. 

Several examples of how these patterns may be interpreted are 
presented in Figs. 9.1 to 9.4. Growth charts adjusted for abnormal head 
size (micro- or macrocephaly) are not available. This factor becomes 
of relatively less importance as the child ages, but during infancy may 
significantly affect the weight percentile and requires clinical judgment 
to assess. 

Disease-specific growth charts have been developed for certain 
populations (e.g., trisomy 21, skeletal dysplasias). Their use is most 
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FIGURE 9.1 Growth curve of an infant girl with unexplained chronic failure to thrive, which affected weight 
and head growth more than length, which suggested an organic disorder. Intrauterine growth restriction 
without postnatal catch-up growth is demonstrated (see Chapter 43). (Modified from National Center for 
Health Statistics: NCHS growth charts. Monthly Vital Statistics Report. 1976;25:76-1120. Rockville, MD: 
Health Resources Administration, June 1976. Data from The Fels Research Institute, Yellow Springs, Ohio. 


Copyright 1976, Ross Laboratories.) 


appropriate for conditions that affect muscle and bone development 
(e.g., Russell-Silver syndrome). Any other disease -specific charts 
should be used in conjunction with the WHO charts. 


EPIDEMIOLOGY 


FTT is found in all populations, but has a higher prevalence among chil- 
dren of low socioeconomic status compared to those in higher socioeco- 
nomic groups. FTT accounts for up to 5% of all hospitalizations; up to 
10% of children may have FTT at some point in time. Most affected 
children with nutritional problems present before the age of 3 years. 


CLINICAL PRESENTATION 


Parents often voice concerns about their young child’s weight gain. 
They may complain that their child is a picky eater or seems not to 


drink enough formula, or they worry that breast milk supply is inad- 
equate. Very commonly, parents complain that their child is not as big 
as a similar-aged child or a sibling at that age. Many such children are 
growing normally. Plotting the child’s growth and reviewing it with the 
parent is usually reassuring, or it may serve to confirm the parents’ 
concerns. When families raise concerns about growth, regardless of 
whether a problem exists, the child and the weight have already become 
a focus of concern for that family. Often parents have already put a 
great deal of effort into changing the child’s eating patterns. The child’s 
real or perceived weight or appetite problem may cause intrafamily 
conflict. In this setting, conversations about the child’s growth may 
carry a high emotional charge. 

However, it is often the physician who is first to raise concerns. 
These suspicions can be confirmed by carefully plotting the growth 
parameters. The clinician must then prioritize the clinical issues and 
decide whether the FTT should be addressed immediately or deferred 
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CHAPTER 9 Failure to Thrive 
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FIGURE 9.2 Growth curve of an infant boy with untreated growth hormone deficiency. Note that weight 
and length remain proportionate, whereas head growth is less affected. (Modified from National Center for 
Health Statistics: NCHS growth charts. Monthly Vital Statistics Report. 1976;25:76-1120. Rockville, MD: 
Health Resources Administration, June 1976. Data from The Fels Research Institute, Yellow Springs, Ohio. 


Copyright 1976, Ross Laboratories.) 


for evaluation and management at another time in the very near future. 
In rare cases, the growth failure is so severe (child is <60% of ideal 
body weight for height) that immediate hospitalization must be insti- 
tuted to begin nutritional rehabilitation. In this case, the evaluation 
can take place over several days, while therapeutic nutritional interven- 
tions are ongoing. 


APPROACH TO DETERMINING ETIOLOGY 


Clinicians need to have a broad approach to determining etiology of 
FTT for each child. Many children with FTT, particularly those with 
chronic diseases, have a mixed pattern of increased needs or losses 
attributable to organic causes, along with environmental causes leading 
to calorie deprivation. 

There are several growth conditions that result in smaller than 
normal size but that are not due to calorie insufficiency. Children with 
constitutional delay usually grow normally over the first year, but 


weight and height decelerate to near or below the 5th percentile fol- 
lowed by growth at normal rates along their new curve (see Chapter 
43). The symmetric deceleration of height and weight is a clue that the 
child does not have calorie insufficiency. Infants who are born small 
for gestational age and are symmetrically small are believed to have a 
reduced number of somatic cells in relation to their normal-sized peers 
as a result of an early intrauterine event. Infants who are asymmetri- 
cally small for gestational age, with sparing of the head circumference 
and possibly length, suffered a late intrauterine event, such as poor 
maternal nutrition or placental insufficiency. These infants often eat 
voraciously and experience catch-up growth early in life. Children with 
genetic short stature have short height for age with appropriate low 
weight. 

Children with FTT caused by calorie insufficiency typically have 
decreased weight gain, at first with sparing of height and head circum- 
ference (wasting). Long-standing calorie insufficiency results in height 
deceleration (stunting). Height or length is the best predictor of 
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FIGURE 9.3 Growth curve of an infant boy with severely impaired head growth, poor weight gain, and less 
impairment of length. Most obvious is the marked microcephaly associated with developmental delay, sug- 
gestive of an underlying neurologic disorder. (Modified from National Center for Health Statistics: NCHS 
growth charts. Monthly Vital Statistics Report. 1976:25:76-1120. Rockville, MD: Health Resources Adminis- 
tration, June 1976. Data from The Fels Research Institute, Yellow Springs, Ohio. Copyright 1976, Ross 
Laboratories.) 


chronic malnutrition. Only in the worst, long-standing cases is head 
growth decreased. This typical pattern suggests calorie insufficiency 
and informs the clinician of the chronicity of the problem. 

There are several approaches to the differential diagnosis. The func- 
tional approach determines whether there is a problem with increased 
calorie requirement or utilization, inadequate calorie intake, or 
increased calorie loss (‘Table 9.3). The systems approach focuses on the 
identification of the organ system or systems that might be responsible 
for the poor growth. A careful history can point the clinician toward 
a particular system to consider for further diagnostic evaluation 
(Table 9.4). 

Another approach is to consider the age at onset, the child’s devel- 
opmental level, and the conditions likely to manifest at that stage of 
development. The causes of prenatal growth problems include envi- 
ronmental toxins, maternal drug and alcohol use, prenatal infection, 
congenital syndromes, placental insufficiency, and poor prenatal 


nutrition. Poor growth immediately after birth can be associated with 
maternal postpartum depression, bonding and attachment disorders, 
incorrect formula preparation, failure to establish breast-feeding, and 
congenital anomalies or metabolic conditions. In children older than 
9 months, issues of separation and autonomy may result in power 
struggles over eating resulting in insufficient intake. For toddlers, poor 
food choices (empty calories found in juice drinks and snack foods), 
dysfunctional feeding interaction (restriction of self-feeding or lack of 
structure around meals), and distraction (chaotic home environment, 
television and electronic devices) may interfere with adequate food 
intake. 


$ History 


The history is the most important part of the evaluation of the child 
with FTT and guides the evaluation. 
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CHAPTER 9 Failure to Thrive 
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FIGURE 9.4 Growth curve of an infant boy with acute weight loss and catch-up weight gain. Before the 
age of 4'/, months, there was normal growth while he was breast-feeding. After a change to an inadequate 
weaning diet, severe weight loss developed, but less impairment of length occurred. Head size was not 
affected. An acute episode of diarrhea led to multiple dietary changes that resulted in further weight loss. 
With a proper diet history, nutritional rehabilitation with a balanced diet resolved this child’s problem. This 
may also be a pattern of a child with celiac disease. (Modified from National Center for Health Statistics: 
NCHS growth charts. Monthly Vital Statistics Report. 1976:25:76-1120. Rockville, MD: Health Resources 
Administration, June 1976. Data from The Fels Research Institute, Yellow Springs, Ohio. Copyright 1976, 


Ross Laboratories.) 


History of the Present Illness 


If poor growth is first noted by the clinician, the clinician should 
identify whether the family perceives a problem. What is the family 
members’ perception of the child’s food intake? When, if ever, did they 
first notice a problem? What changes have they made to address the 
problem? Asking these questions in a nonjudgmental manner will 
reassure the family that the clinician regards them as partners in the 
task of improving the child’s growth. 

A detailed feeding history should start with infant feeding; dietary 
sources and growth patterns should be chronologically reviewed. 
Was the child breast- or formula-fed? If breast-fed, were there any 
problems with milk sufficiency? How did each parent feel about 


breast-feeding? Did the mother feel emotionally supported in her 
choice to breast-feed? If the child was formula-fed, what was the 
formula; how was it mixed; was there ever any reason to change 
formula? Was feeding a pleasurable or a difficult experience for the 
parent and child? These questions may give insight into early parent- 
child interaction problems. 

If the child is beyond infancy, when and how were solid foods 
introduced? Were there any specific food refusals that might indicate 
an allergy or intolerance? How did the child accept solids? What are 
the child’s food preferences? When did the child start to self-feed? 
Where does the child eat? Is there a high chair or secure place to eat? 
Are there family meals, or does the child eat alone? What is going 
on in the immediate environment when the child is eating? These 


TABLE 9.3 Differential Diagnosis by 
Functional Category 


Excessive Calorie Needs 

Diabetes mellitus 

Cystic fibrosis 

Chronic respiratory or cardiovascular disease 
Hyperthyroidism 

Cerebral palsy/spasticity 

Chronic infection or inflammatory diseases 


Inadequate Calorie Intake 

Family education and mental health: maternal depression, psychosis, 
substance abuse, lack of parental knowledge of child nutrition needs 

Parent-child interaction: parental emotional distance, parental anxiety, 
mealtime distractions (i.e., television), lack of family mealtime, 
overindulgent or overcontrolling parent, parental inability to read hunger, 
and satiety cues 

Poor food choices: allows grazing, excessive juice intake 

Child factors: neuromuscular disease, poor oral/motor coordination, chronic 
disease with easy tiring, and failure to complete meals, difficult 
temperament, hyperactivity, inability to display hunger cues 

Economic factors: family not able to afford adequate food, diluting formula, 
early conversion from formula to cow s milk 

Food aversion: impaired swallowing, oropharyngeal or esophageal 
inflammation, anorexia causing conditions, psychosocial factors 


Increased Calorie Loss/Failure to Incorporate 
Ingested Calories 

Diabetes mellitus 

Malabsorption syndromes (celiac disease, lactose intolerance, cystic 
fibrosis, other causes of pancreatic insufficiency, chronic cholestasis) 

Metabolic disorders 

Chronic diarrhea including IPEX and IPEX-like syndromes 

Gastroesophageal reflux and other conditions with chronic vomiting, 
eosinophilic gastroenteritis 

short gut syndrome 


IPEX, immune dysregulation polyendocrinopathy enteropathy X-linked. 


questions can reveal dysfunctional eating behaviors that can affect the 
child’s intake. 

Questions about unusual eating habits or pica may indicate nutri- 
tional deficiencies, such as iron deficiency (Table 9.5). Children with 
difficult temperaments may have problematic eating behaviors. 

Does the child have difficulty taking or manipulating food in the 
mouth? Is there frequent choking on food? Does the child drool? Is 
there food refusal or aversion suggesting dysphagia? If the response to 
any of these questions is confirmatory, consider difficulty with 
oral motor control. This is common among children with neurologic 
problems. 

What is the child’s usual daily pattern of activity? Who prepares the 
food and feeds the child? Is there more than one caregiver? Do the 
parents know what other caregivers feed the child, or if the child has 
vomited or defecated while in the care of another adult? Is there a dif- 
ference in how the child eats or eliminates when the child is with the 
parents in comparison to other caretakers? 

A careful dietary history is imperative. The 24-hour recall is stan- 
dard, although some authorities question its validity. The clinician asks 
the parent to remember everything the child ate in the past 24 hours 
and whether that was a typical day. It is helpful to start with the present 
and work backward. Alternatively, the parent may keep a 3-day food 
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diary. The diary should be structured so that the type of food, quantity, 
method of preparation, and amount eaten are recorded; beverages 
should be included. The caregiver should receive prior instruction 
regarding how to estimate portions and to include only what the child 
actually eats. 

Diet review is a good opportunity to explore parental beliefs about 
food and the feeding of children (e.g., children must drink water, they 
need lots of milk, juice is good for them, fat should be restricted to 
prevent obesity and heart disease). It may be useful to explore parent 
assumptions about food based on their own experiences or beliefs. The 
parent who sees the child as vulnerable may be overanxious and rigid 
about food intake. Cultural norms may dictate certain food choices, 
which may not provide optimal nutrition. Vegetarian diets may provide 
insufficient protein, vitamin B,,, and iron. Rice and almond milks have 
inadequate protein for young children. Some parents may substitute 
goat’s milk or rice milk for cow’s milk—based nutrition. Goat’s milk is 
deficient in folate while rice milk is extremely low in protein and has 
caused severe protein deficiency. 


Medical History 


The prenatal and perinatal history begins with the mother’s age, 
general health, and parity. Was this pregnancy planned? What was the 
mother’s reaction to the pregnancy? How did the father and other 
family members react? Was mother emotionally prepared for a child? 
Did the mother have any emotional problems during or before her 
pregnancy? What was her alcohol, tobacco, and drug intake during 
pregnancy? When did she start prenatal care? Did she have sufficient 
visits to monitor the pregnancy? How much weight did she gain? Were 
there any complications during the pregnancy? Was prenatal testing 
for sexually transmitted and other infections obtained, and what were 
the results? Was she hoping for a boy or a girl? 

The perinatal history includes problems with labor, method of 
delivery, and the newborn’s growth parameters at birth (i.e., appropri- 
ate [AGA], small [SGA], or large [LGA] for gestational age). Is this an 
SGA infant who needs extra calories for catch-up growth or a newborn 
with intrauterine growth restriction who is small in all growth param- 
eters? Did the baby have any problems in the nursery? A nursery stay 
more than 2-3 days may indicate a problem with the newborn. Did the 
baby have feeding problems after birth? Was breast-feeding begun 
immediately? 

The child’s medical history should be reviewed for chronic 
conditions and recurrent, acute conditions, such as recurrent emesis, 
diarrhea, constipation, neurologic symptoms, or recurrent infections. 
Hospitalizations, surgical procedures, medications, and allergies 
should be explored. Immunization status should be ascertained. It is 
essential to document neurodevelopmental progress, because motor or 
cognitive delays could be associated with neurologic dysfunction that 
increases calorie requirements and/or decreases feeding efficiency. 


Family History 
The clinician should ascertain the growth of siblings and other family 
members. Are there patterns of growth in the family that might result 
in a child growing less than expected in the early years? What, if any, 
differences do the parents notice between this child and their other 
children? What were the growth patterns and ultimate sizes of the 
parents and grandparents? What was the age at menarche and puberty 
in parents and siblings? Creating a two-generation genogram that 
includes the height and weight of each family member may provide 
clues to the growth potential of the patient. Plotting the mean parental 
height on the child’s height curve will help to predict ultimate stature. 
Is there any history of heart, renal, or gastrointestinal disease in the 
family? Have there been any early childhood deaths? Is there any sickle 
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TABLE 9.4 Failure to Thrive: Differential Diagnosis by System 


Psychosocial/Behavioral 

Inadequate diet because of poverty/food insufficiency, errors in food 
preparation 

Poor parenting skills (lack of knowledge of sufficient diet) 

Child/parent interaction problems (autonomy struggles, coercive feeding) 

Food refusal/aversion/dysphagia 

Parental cognitive or mental health problems (depression) 

Child abuse or neglect 


Neurologic 

Oral motor dysfunction (dysautonomia, brainstem lesion, cerebral palsy, 
Chiari malformation) 

Spasticity 

Developmental delay 

Increased intracranial pressure 

Diencephalic syndrome 


Renal 

Urinary tract infection 
Renal tubular acidosis 
Renal failure 


Endocrine 

Diabetes mellitus 
Hypothyroidism/hyperthyroidism 
Growth hormone deficiency 
Adrenal insufficiency 


Genetic/Metabolic/Congenital 

Cystic fibrosis 

sickle cell disease 

Inborn errors of metabolism (organic acidosis, hyperammonemia, storage 
disease) 

Fetal alcohol syndrome 

skeletal dysplasias 

Chromosomal disorders 

Multiple congenital anomaly syndromes (VATER, CHARGE) 


Gastrointestinal 

Pyloric stenosis 

Gastroesophageal reflux 
Eosinophilic esophagitis 
Malrotation 

Malabsorption syndromes 

Celiac disease 

Milk intolerance: lactose, protein 
Pancreatic insufficiency syndromes 
Chronic cholestasis 

Inflammatory bowel disease 
Chronic congenital diarrhea states including IPEX 
Pseudoobstruction 


Cardiac 
Cyanotic heart lesions 
Congestive heart failure 


Pulmonary/Respiratory 
severe asthma 

Cystic fibrosis; bronchiectasis 
Chronic respiratory failure 
Bronchopulmonary dysplasia 
Adenoid/tonsillar hypertrophy 
Obstructive sleep apnea 


Miscellaneous 

Autoimmune diseases 
Autoinflammatory—recurrent fever syndromes 
Malignancy 

Primary immunodeficiency 

Transplantation 


Infections 

Perinatal infection 
Occult/chronic infections 
Parasitic infestation 
Tuberculosis 

Human immunodeficiency virus 


CHARGE, coloboma, heart disease, choanal atresia, retarded growth and retarded development and/or central nervous system anomalies, genital 
hypoplasia, and ear anomalies and/or deafness; IPEX, immune dysregulation polyendocrinopathy enteropathy X-linked; VATER, vertebral defects, 


imperforate anus, tracheoesophageal fistula, and radial and renal dysplasia. 


cell disease or other anemic condition? Are there any family members 
with genetic or metabolic conditions? Is there a family history of 
mental illness that might affect the child or the caretakers? Is there 
consanguinity? 


Social History 


Many cases of FTT do not have a primary medical etiology, and thus 
the social history is vital. The examiner should start with the family 
constellation and who takes care of the child. What is the relationship 
of the adults in the household, and how do they get along? Are the 
parents working, and if they work simultaneously, who cares for the 
child? Are food stores accessible? Do the parents have adequate storage, 
refrigeration, and food preparation space? Are there adequate eating 
facilities and implements? Are there siblings who might eat the child’s 
food? Is the child enrolled in the Women, Infants, and Children (WIC) 
program? Families should be screened for food insecurity. What is the 
cultural context of food selection and eating behavior? 


More difficult social issues must be approached carefully, with a 
statement to the family that all patients with this problem are asked 
these routine questions. Is there any substance abuse in the home that 
might result in use of food money for tobacco, alcohol, or drugs? Have 
the child protection authorities ever been involved with the family? 

Is the child in group daycare, or has the family traveled to an area 
where a chronic infection such as a parasite might have been acquired? 
Although the social history can be the most revealing part of the 
history, it can be the most difficult to elicit. Often the clinician must 
establish trust with the family before they can reveal the source of their 
inability to meet their child’s nutritional needs. 


Review of Systems 


A thorough review of systems can help to reveal organic conditions. 
A few areas merit special attention: Are there sources of calorie loss? 
Does the child vomit or spit up frequently? What is the stool pattern 
and quality? What is the pattern and frequency of urination? Does 
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TABLE 9.5 Characteristics of Mineral Deficiencies 


Mineral Function 


lron Heme-containing 
macromolecules [e.g., 
hemoglobin, cytochrome, 
myoglobin) 
Redox reactions (e.g., 
cytochrome oxidase) 


Metalloenzymes (e.g., alkaline 
phosphatase, carbonic 
anhydrase, DNA polymerase; 
wound healing) 


selenium Prevents oxidative damage 


growth 


Chromium Insulin cofactor 


neuropathy 


Fluoride Strengthens dental enamel Caries 


lodine Simple endemic goiter 


Thyroxine, triiodothyronine 
production 


hypothyroidism 


Neurologic cretinism: mental 


Manifestations of Deficiency 


Anemia, spoon nails, reduced muscle 
and mental performance 


Hypochromic anemia, neutropenia, 
osteoporosis, hypotonia, 
hypoproteinemia, poor growth 

Acrodermatitis enteropathica; poor 
growth, acro-perioral-perianal rash, 
alopecia, delayed sexual 
development, hypogeusia, infection 


Keshan cardiomyopathy in China, poor 


Poor weight gain, glucose intolerance, 


Myxedematous cretinism: congenital 


Comments Sources 


History of pica, cow's milk, 
gastrointestinal bleeding, 
excessive milk in diet 


Liver, eggs, grains 


Liver, oysters, meat, nuts, 
grains, legumes, 
chocolate 


Inborn error, Menkes kinky hair 
syndrome, occipital horn 
syndrome, long term TPN 

Protein-calorie malnutrition; 
weaning; malabsorption 
syndrome 


Meat, grains, cheese, nut 


Endemic areas; long-term TPN Meat, vegetables 


Protein-calorie malnutrition, Yeast, breads 

long-term TPN 

seafood, supplemented 
water 


Supplementation during tooth 
growth, narrow therapeutic 
range, fluorosis may cause 
staining of the teeth 

seafood, iodized salt, 
most food in 
nonendemic areas 


Endemic in New Guinea, the 
Congo; endemic in Great 
Lakes area before iodized 
salt available 


retardation, deafness, spasticity, 


normal T, level at birth 


T4, thyroxine; TPN, total parenteral nutrition. 


From Tershakovec AM. Stallings VA. Pediatric nutrition and nutritional disorders. In: Behrman RE, Kliegman RM, eds. Ne/son Essentials of 


Pediatrics, 2nd ed. Philadelphia: WB Saunders; 1994:81. 


urination seem excessive or inadequate? Affirmative answers may 
indicate a gastrointestinal, metabolic, or renal problem. Are there 
sources of increased calorie need? Has the child been sick? Has the 
child had fevers? Does the child tire when feeding? Is there decreased 
activity? 

Constitutional: The examiner should ask whether there are any 
fevers, night sweats, or changes in activity. Assess sleep hygiene, amount 
of sleep, and whether sleep is disrupted by snoring or awakenings. 

Gastrointestinal: The examiner should inquire about choking, 
swallowing, dysphagia, vomiting, and spitting up. Night waking and 
coughing may indicate reflux. Diarrhea, constipation, abdominal pain, 
distention, or discomfort may indicate organic disease. Pocketing food, 
or retaining food in the mouth, may indicate oral-motor dysfunction 
that impedes adequate intake. 

Cardiopulmonary: The examiner should ask about coughing, 
wheezing, night waking, shortness of breath, exercise intolerance, and 
early tiring during feeding. 

Renal: The examiner should inquire about dysuria, hematuria, 
increased urinary frequency or volume, secondary enuresis, and urine 
that seems unusually dilute. 


$ Physical Examination 


The examination should start with accurate measurements of height 
or length, weight, and head circumference; these parameters should be 
plotted on a standard growth curve. Weight for height or BMI (if >2 
years of age) should also be plotted. Historical events should be 
obtained and plotted to identify patterns of growth. 


As part of a complete physical examination, the following signs 
should be sought: 

General: degree of emaciation, state of fat distribution and muscle 
mass, dysmorphic features, vital signs (including blood pressure) 

Head, eyes, ears, nose, and throat: fontanel size, evidence of 
chronic ear infections, allergic stigmata, patency of upper airway 

Cardiorespiratory: respiratory effort, lower airway sounds, cardiac 
sounds, pulses, edema 

Gastrointestinal: organomegaly, abdominal distention, rectal fis- 
sures or prolapse 

Genitourinary: renal masses, Tanner staging 

Musculoskeletal: joint swelling, bone deformities 

Skin: hydration, evidence of chronic inflammation, bruising or 
scarring, rashes, hair quality and distribution, nails 

Lymph nodes: local vs. generalized (see Chapter 36) 

Neurologic: muscle volume, tone (hypo or hypertonic), strength, 
coordination, swallowing and drooling, assessment of development 
and interaction with the examiner. 

Abnormalities associated with pathologic biomedical conditions 
should prompt a search for a specific diagnosis (see Table 9.4). On 
occasion, growth failure as well as other physical findings can be associ- 
ated with specific nutrient deficiencies (Table 9.6; see Table 9.5). 


® Laboratory Evaluation 


Almost any serious chronic illness may result in FTT; therefore the 
examiner must have a broad diagnostic screening approach and simul- 
taneously consider the more likely possibility that nonmedical 
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(See Nelson Textbook of Pediatrics, p. 343.) 


TABLE 9.6 Characteristics of Vitamin Deficiencies 


Vitamin 


Water-Soluble 
Thiamine (B,) 


Riboflavin (B>) 


Niacin (Bs) 


Pyridoxine (Bs) 


Pantothenic acid 
Biotin 


Bi 


Folate 


Ascorbic acid (C) 


Fat-Soluble 
A 


Function 


Coenzyme in ketoacid 
decarboxylation (e.g., 
pyruvate — acetyl-CoA 
transketolase reaction) 

FAD coenzyme in oxidation- 
reduction reactions 


NAD coenzyme in oxidation- 
reduction reactions 


Cofactor in amino acid 
metabolism 


Coenzyme A in Krebs cycle 


Cofactor in carboxylase 
reactions of amino acids 


Coenzyme for 5-methyl- 
tetrahydrofolate formation; 
DNA synthesis 


DNA synthesis 


Reducing agent; collagen 
metabolism 


Epithelial cell integrity; vision 


Maintains serum calcium, 
phosphorus levels 


Antioxidant 


Posttranslation carboxylation 
of clotting factors II, VII, IX, 
and X and proteins C, S 


Manifestations of Deficiency 


Beri-beri: polyneuropathy, calf 
tenderness, heart failure, edema, 
ophthalmoplegia 


Anorexia, mucositis, anemia, cheilosis, 
nasolabial seborrhea 


Pellagra: photosensitivity, dermatitis, 
dementia, diarrhea, death 


Seizures, hyperacusis, microcytic 
anemia, nasolabial seborrhea, 
neuropathy 


None reported 
Alopecia, dermatitis, hypotonia, death 


Megaloblastic anemia, peripheral 
neuropathy, posterior lateral column 
disease, vitiligo 

Megaloblastic anemia 


Scurvy: Irritability, purpura, bleeding 
gums, periosteal hemorrhage, aching 
bones 


Night blindness, xerophthalmia, Bitot 
spots, follicular hyperkeratosis, poor 
growth 


Rickets: reduced bone mineralization, 
poor growth 


Hemolysis in preterm infants; 
areflexia, ataxia, ophthalmoplegia 


Prolonged prothrombin time; 
hemorrhage; elevated PIVKA (protein 
induced in vitamin K absence) 
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Comments 


Inborn errors of lactate 
metabolism; boiling milk 
destroys B; 


Photosensitizer 


Tryptophan is a precursor 


Dependency state; deficiency 
secondary to drugs 


Bowel resection, inborn errors 
of metabolism, and ingestion 
of raw eggs 


Vegans; fish tapeworm; 
transcobalamin or intrinsic 
factor deficiencies 

Goat milk deficient; drug 
antagonists; heat inactivates 

May improve tyrosine 
metabolism in preterm 
infants 


Common with protein-calorie 
malnutrition; malabsorption 


Prohormone of 25- and 
1,25-vitamin D; malabsorption 

May benefit patients with 
G6PD deficiency: 
malabsorption 

Malabsorption; breast-fed 
infants 


Sources 


Liver, meat, milk, cereals, 
nuts, legumes 


Milk, cheese, liver, meat, 
eggs, whole grains, 
green leafy vegetables 

Meat, fish, liver, whole 
grains, green leafy 
vegetables 


Meat, liver, whole grains, 
peanuts, soybeans 


Meat, vegetables 


Yeast, meats; made by 
intestinal flora 


Meat, fish, cheese, eggs 


Liver, greens, vegetables, 
cereals, cheese 

Citrus fruits, green 
vegetables; cooking 
destroys It 


Liver, milk, eggs, green and 
yellow vegetables, fruits 


Fortified milk, cheese, liver 


seeds, vegetables, germ 
oils, green leafy 
vegetables 


Liver, green vegetables; 
made by intestinal flora 


FAD, flavin adenine dinucleotide; G6PD, glucose-6-phosphate dehydrogenase; NAD, nicotinamide adenine dinucleotide. 
Modified from Tershakovec A, Stallings VA. Pediatric nutrition and nutritional disorders. In: Behrman RE, Kliegman RM, eds. Ne/son Essentials of 


Pediatrics. 2nd ed. Philadelphia: WB Saunders; 1994:74. 


processes are the cause. In most cases of chronic “organic” illness, there 
is likely some indication in the history, physical examination, or 
selected diagnostic screening tests (Table 9.7). The few cases of organic 
FTT not detected by these screening tests may become evident when 
the infant does not respond to nutritional rehabilitation. If, however, 
the examiner attempts to pursue every conceivable diagnostic test for 
organic causes of FTT before implementing vigorous nutritional reha- 
bilitation, he or she is likely to run out of time, patience, and resources 
and to come to no conclusion. Some unusual cases may take months 
or years before a diagnosis is made. 

The choice of the appropriate initial laboratory tests may include 
several general screening tests (complete blood count, urinalysis, 


serum electrolyte levels, blood urea nitrogen level) to detect treatable 
conditions. A complete blood cell count can reveal clinically inappar- 
ent anemia, which, although usually secondary to the poor nutritional 
state, can sometimes contribute to the poor dietary intake or suggest 
anemia of chronic disease. A urinalysis and urine culture can reveal 
evidence of an occult urinary tract infection or renal tubular acidosis. 
An erythrocyte sedimentation rate or C-reactive protein may provide 
evidence of chronic inflammation or infection. The examiner may 
need to test for celiac disease, in which poor weight gain may be the 
only symptom for many years. Other specific tests are directed by the 
history and physical examination (Table 9.8). For example, for a child 
with developmental delay and FTT, a blood lead test, metabolic 


TABLE 9.7 Clinical Clues to Differentiate 
Predominant Organic Disease from 
Predominant Organic Disease Not Present 


Predominant Organic Disease 
Not Present 
Spoon or bottle refusal 


Predominant Organic 
Disease Present 
Accepts spoon or bottle first 


Presence of anticipatory gagging and Absent 


“pocketing” of food in mouth 


Picky about texture or type of food Accepts a variety of foods 


Presence of abnormal feeding practice Absent 
(nocturnal feeding, force feeding, 


prolonged meals) 

Onset after a trigger or traumatic event 
(e.g., choking episodes, prolonged 
nasogastric feeding) 


Usually absent 


Vivacious infant Lethargic infant 


Poor appetite Interest in eating 


Diarrhea or abdominal distention 


Absence of organic symptoms 


From Shashidar H, Toila V. Failure to thrive. In: Wyllie R, Hyams JS, 
Kay M, eds. Pediatric Gastrointestinal and Liver Disease. 4th ed. 
Philadelphia: Elsevier; 2011:141. 


screening tests, a karyotype or other genetic testing, imaging of the 
head, or human immunodeficiency virus screening may be necessary, 
whereas a child with apparent malabsorption is evaluated completely 
differently (such as for cystic fibrosis or celiac disease). If height growth 
is affected, a bone age can be useful to determine if an endocrine evalu- 
ation is necessary. 


OVERALL APPROACH TO MANAGEMENT 


The evaluation of a child with FTT should proceed in a stepwise 
manner (Fig. 9.5). Once the clinician has arrived at a working diagno- 
sis, treatment can be instituted. It is important to develop a therapeutic 
alliance with family members. Parents whose children are not growing 
according to expectation may be feeling guilty or may have a sense of 
failure. A nonjudgmental approach, avoiding the assignment of blame, 
is important. Although the clinician can make suggestions, it is the 
family that must feel empowered to implement the plan. 

Providing specific information that can be easily implemented in 
the family’s home environment will be more successful than giving 
general advice. Suggestions that a parent feed more food to a child may 
be disregarded, particularly when the family members believe they are 
already doing their best. Pressuring parents may increase caregiver 
guilt, frustration, and anxiety if the child does not grow as expected. 

Even with the strong suspicion of a biomedical cause, it is reason- 
able to give specific advice on enhancing calorie intake while further 
evaluation and treatment is ongoing. If the condition is chronic, the 
child may need long-term nutritional supplementation. If the condi- 
tion is acute and treatable, the child needs extra calories for catch-up 
growth. 


Steps to Improve Calorie Intake 

Mealtime Behavior 

A pleasant, safe setting should be created for mealtime. An infant seat 
is appropriate for the first several months. Once a child can sustain a 
sitting position, a high chair is advantageous. The high chair allows the 
child to feel safe from falling, frees up his or her hands for feeding, and 
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keeps the child confined in one place to focus on the meal. A bib pre- 
vents the need for frequent changes of clothing. For an older child, a 
booster seat is appropriate along with child-sized utensils. Parents who 
feed an infant or toddler while holding the child in their laps find that 
the meal is a struggle; this also prevents the child from developing the 
skills needed for self-feeding. 

To promote the important social aspect of mealtime, family 
members should be seated and eating with all children whenever pos- 
sible. Use of a small, child-sized table and chair prevents the child from 
observing and learning from siblings and adults during family meals. 
Toddlers and older infants are usually interested in the food served to 
other family members, and this encourages experimentation with new 
foods. There should be conversation during the meal, but the child’s 
food intake should not be the focus of the conversation. 

Distractions should be minimized during meals. The television and 
other electronic media should be off. There should not be other com- 
motion in the kitchen. However, for the infant, a small washable toy 
on the tray or table may help keep attention on the meal. 

Parents should understand that experimenting with food is part of 
the natural curiosity of older infants and toddlers. If the parent is 
constantly wiping the child and berating him or her for getting messy, 
the child cannot learn that eating can be a fun experience. If a parent 
has particular difficulty with messiness, the examiner can suggest 
spreading newspaper or a plastic sheet under the high chair. Another 
simple technique is the “two-spoon method” of feeding the child. The 
parent should provide a spoon to the child to dip into the food, and 
the parent has the second spoon, which provides most of the feeding. 

Once the child has communicated that the meal is finished, the 
parent can offer one or two more bites but then should accept that the 
child is no longer hungry, and the meal should be ended. The duration 
of the meal for a toddler is typically not more than 15 or 20 minutes. 
Food should not be brought out until the next regular meal or snack. 


Beverages 


Exclusive breast-feeding is the preferred nutritional source for infants 
from birth to 6 months. Formula-fed infants should be held during a 
feeding until they are able to sit on their own and hold the bottle. 
Bottles should never be propped. After 1 year of age, cow’s milk should 
be consumed. Although 1-2% milk is acceptable, whole milk is pre- 
ferred for underweight toddlers. The volume of formula or whole cow’s 
milk consumed should be about 24 ounces per day. If a child is drink- 
ing an excessive amount of formula, review the preparation procedures 
to ensure that the proper dilution is used. 

All children naturally enjoy sweet foods. However, if they are intro- 
duced early or used instead of more nutritionally complete foods, 
children may develop a preference for sweets, especially juices. In par- 
ticular, toddlers who are allowed to have bottles with sweetened juices 
throughout the day eat little at mealtime, resulting in undernutrition. 
In addition, because of limited absorption of dietary sugars, particu- 
larly in juices with high fructose-to-glucose ratios (such as apple and 
pear juice), children with excessive juice intake may suffer from bloat- 
ing, excessive flatulence, abdominal pain, and chronic diarrhea because 
of undigestible carbohydrate malabsorption. Juice should not be intro- 
duced until after children are 6 months of age. When introduced, only 
100% fruit juice should be offered in a cup. Intake should be limited 
to 4-6 ounces per day for children aged 1-6 years and to 8-12 ounces 
per day for older children and adolescents. 

Various methods are available to enhance the calorie density of 
infant dietary beverages for nutritional supplementation. Formulas 
can be made with less water. Polycose and vegetable oils can be added. 
Pumped/expressed breast milk can be enhanced with breast milk forti- 
fier (premature infants) or powdered formula (full-term infants). 
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TABLE 9.8 Some Causes of Failure to Thrive and Screening Tests 


Cause 


Environmental and Psychosocial* 
Inadequate caloric intake 


Emotional deprivation and disruptions 

Rumination; chronic diarrhea, gastroesophageal reflux 
Anorexia nervosa and bulimia 

secondary to impact of organic disease 


Organic 
Central nervous system abnormalities, infection 


Gastrointestinal system 
Malabsorption, cystic fibrosis, inflammatory bowel disease, parasites, 
aganglionic megacolon; liver disease; food intolerance; celiac disease; 
gastroesophageal reflux, eosinophilic esophagitis 


Partial cleft palate 
Chronic heart failure 
Endocrine disorders 


Pulmonary disease 
Bronchopulmonary dysplasia; bronchiectasis; cystic fibrosis 


Renal disease 
Anomalies; infection; renal failure; renal tubular disorder 


Chromosomal disorders or syndromes 
Turner syndrome 
skeletal dysplasias 


Other metabolic, syndromic, or inborn errors 


Chronic infection 
Tuberculosis, mycotic, congenital, AIDS 


Chronic inflammation 
Juvenile idiopathic arthritis, SLE 


Immunodeficiency disease 
DiGeorge syndrome; severe combined immunodeficiency syndrome 


AIDS or AIDS-related complex 
Malignancies (kidney, hematologic, adrenal, brain) 


Congenital syndromes caused by alcohol, Dilantin, other drugs, infection 


*Nonorganic may also be combined with organic. 


Screening Tests 


History; observation in hospital 
History; observation in hospital 
History; observation in hospital 
History; examination 

History and observation 


Neurodevelopmental assessment; brain MRI 


Examination of stools: stool fat, sweat test, stool ova and parasites; tissue 
transglutaminase antibodies; liver function tests; barium swallow, erythrocyte 
sedimentation rate, food challenge, esophageal and intestinal biopsy 


Physical examination; observation of feeding 
Physical examination; chest x-ray; echocardiography 
Growth chart; thyroid function tests; bone age, cortisol level GH testing 


Physical examination; chest roentgenography; tuberculin test, pulmonary function 
tests, sweat test 


Urinalysis; blood urea nitrogen; ultrasonography; urinary amino acid screen; urine 
pH 

Chromosomal analysis; identification of peculiar facies or multisystem defects, 
skeletal radiographs 


Urine and blood amino and organic acids, mitochondrial DNA, specific gene probes 


Tuberculin test; appropriate laboratory identification of infectious agent, PCR 


Physical examination; erythrocyte sedimentation rate; CBC, ANA 


History of rash and diarrhea; thymus size; tonsil size; skin tests; CBC, cell markers, 
FISH for DiGeorge syndrome 

HIV test 

Imaging (CT, ultrasonography) of abdomen, chest; brain CT or MRI, bone marrow 
scan 


Physical examination; history, TORCH evaluation 


AIDS, acquired immunodeficiency syndrome; ANA, antinuclear antibodies; CBC, complete blood cell count; CT, computed tomography; FISH, 
fluorescent in situ hybridization; GH, growth hormone; HIV, human immunodeficiency virus; MRI, magnetic resonance imaging; PCR, polymerase 
chain reaction; SLE, systemic lupus erythematosus; TORCH, toxoplasmosis, other, rubella, cytomegalovirus, herpes simplex. 

Modified from Barbero GJ. Failure to thrive. In: Behrman RE, ed. Nelson Textbook of Pediatrics. 14th ed. Philadelphia: WB Saunders; 1992:215. 


Food Selection 


Including older children in food shopping and preparation will 
increase interest in eating. At mealtime, older toddlers and preschool- 
aged children may be permitted some flexibility in food selection from 
two or three choices. Providing choices allows the child to assume some 
control over the feeding. Each choice must be nutritionally sound and 
acceptable to the parent. Parents should not become bound by social 
constraints when it comes to foods served at certain meals. 

Infants and young toddlers may have preferences for certain food 
textures, temperatures, and presentations. These preferences are often 


short-lived. Normal children may become “picky” eaters in the second 
and third years of life. New foods should routinely be introduced but 
not forced on the child. With repetition and modeling, children will 
try new foods. For some children, food preferences may be strong and 
cyclic. For example, a child may go through a cycle in which he or she 
requests peanut butter and jelly sandwiches for nearly every meal. If a 
variety of fruits or vegetables are given along with the sandwich, this 
may be a reasonable compromise. 

Although it is the caregiver’s responsibility to provide appropriate 
food, it is the child’s responsibility to decide on the quantity of food 
to be eaten. “Force feeding” will convince the child that mealtime is 
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YES NO 


NO YES 


Inadequate intake Renal disease 
Breastfeeding problems Obstructive uropathy 
Improper formula preparation Reflux nephropathy 
Improper feeding technique Renal tubular acidosis 
Insufficient food offered (food Glomerulonephritis 

insecurity, inappropriate parental Liver disease 
knowledge or expectations) Celiac disease 
Aversion (pain, sensory) Cystic fibrosis 
Other psychosocial factors Other causes of 
malabsorption 


Developmental delay 
(multiple etiologies) 


Inadequate calorie intake 
Oral-motor dysfunction 


PART A 


FIGURE 9.5 Flow Chart for the Stepwise Evaluation of a Child with Failure to Thrive (and Weight Loss). anti-tTG, 
anti-tissue transglutaminase; CBC, complete blood count; ENT, ear, nose, and throat; GER, gastroesophageal reflux; GERD, 
gastroesophageal reflux disease; H, history; HIV, human immunodeficiency virus; ICP, intracranial pressure; IgA, immuno- 
globulin A; IgE, immunoglobulin E; O&P, ova and parasites; P, physical examination; PPD, purified protein derivative; T4, 
throxine; TORCH, toxolasmosis, other, rubella, cytomegalovirus, and herpes simplex; TSH, thyroid-stimulating hormone; UA, 
urinalysis; UGI, upper gastrointestinal series. (From Pomeranz AJ, Sabnis S, Busey SL, et al, eds. Pediatric Decision-Making 
Strategies. 2nd ed. Philadelphia: Elsevier; 2016.) 
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HIV 
Other immune 
deficiency 


Upper airway obstruction 
Adenotonsillar hypertrophy 
Micrognathia/retrognathia 
Nasal obstruction 

Cor pulmonale (secondary) 


Obstruction 
(webs, vascular ring, 
pyloric stenosis, bezoars) 

Malrotation/volvulus 

GER 

Rumination 

Eosinophilic esophagits 

Increased ICP 

Allergy (IgE-mediated) or 
food protein-induced 
(non IgE-mediated) 
reactions 

Encephalopathy (lead, 
hypoxic-ischemic) 


Celiac disease 

Other food protein-induced 
hypersensitivity reactions 

Parasitosis (giardiasis, 
cryptosporidiosis) 


Eosinophilic intestinal disorders 
(esophagitis, gastroenteritis) 


Inflammatory bowel disease 
Liver disease (hepatitis, 
cirrhosis, biliary disease) 
Hirschsprung disease 
Pancreatic insufficiency 


(cystic fibrosis, Shwachman- 


Diamond syndrome) 


Chronic aspiration 

GERD 

Cystic fibrosis 

Congenital or acquired 
heart disease (including 
cardiomyopathy) 

Severe asthma 

Tuberculosis 

HIV (Pneumocystis 
jiroveci pneumonia, 
lymphoid interstitial 
pneumonitis) 

Bronchiectasis 


Eating disorders 
Other causes 
of anorexia 
Congestive 
heart failure 
Malignancy 
HIV 
Hyperthyroidism 
Diabetes mellitus 
Other chronic 
disease 


Hirschsprung disease 
Meconium ileus 
Metabolic disorder 


Short gut syndrome 

Other rare causes of 
malabsorption (disaccharidase 
deficiency, other congenital 
disorders) 

HIV, other immunodeficiencies 

Acrodermatitis enteropathica 


PART B 


FIGURE 9.5, cont'd 


something to be feared. Parents must learn to read a child’s cues for 
hunger and satiety. 


Daily Routines and Snacks 


Once children are receiving solid foods, they should be on a regular 
schedule of meals that are served at predictable times during the day. 
This may mean three meals and two or three snacks per day for infants 
and toddlers. The practice of “grazing”—having food available to the 
child throughout the day—should not be allowed. Frequent snacking 
allows the child to be satiated, preventing interest in standard meals. 


This may lead to poor nutritional intake. Planned snacks afford the 
opportunity to supplement the child’s diet with high-quality foods 
with good nutritional content. For toddlers and preschool-aged chil- 
dren, beverages should be introduced only after a good portion of the 
meal has been eaten. 


Calculating Caloric Need 

In order to calculate the minimal daily caloric requirements needed 
for catch-up growth, the examiner should determine the weight age 
(age at which current weight would be at 50%) and recommended 


TABLE 9.9 Normal Calorie Requirements 
and Weight Gain by Age 

Calorie 

Requirement Weight Gain* 

(kcal/kg/day) (g/day) 
Premature 150 20-40 
100-120 25-39 


Full-term to 3 months 
3-6 months 14-20 


6- 9 months 90-100 9-13 
9-12 months 7-10 
Toddler 75-85 6-9 


*Based on WHO growth charts (5% and 95%). 


calories for weight age (Table 9.9). The ideal weight for current height 
(50% weight for current height) should also be determined. Calories 
needed for catch-up growth are calculated as: 


(kcal/kg for weight age) x (ideal weight for height in kilograms) 
actual weight in kilograms 


For most children, calories needed for catch-up growth can be 
easily calculated as: 


(120 kcal/kg) x (ideal weight for height in kilograms) 
actual weight in kilograms 


Most infants will achieve catch-up growth on 160-180 kcal/kg/day. 
Some infants may need considerably more, up to 1.5-2 times the daily 
requirements for catch-up. Caloric intake can be estimated from the 
diet history. 


NUTRITIONAL SUPPLEMENTATION FOR THE 
OLDER INFANT AND CHILD 


Several products are available for nutritional supplementation. The 
complete liquid formulations are excellent products; very similar 
nutritional value can be found in packaged instant-breakfast drinks 
when mixed with whole milk, at much lower cost. These nutrient-dense 
beverages should supplement the child’s diet, not supplant other foods. 

Many food products (powdered milk, margarine, cheese, wheat 
germ, peanut butter) can be added to acceptable foods in order to 
increase calories. It is easier to increase caloric density than increase 
the amount of food eaten. Attention should be paid to maximizing 
protein intake needed for growth. 

If a child does not seem to be taking an adequate variety of foods, 
a supplement of multivitamins with minerals may be indicated. Par- 
ticularly during periods of rapid catch-up growth, additional vitamins 
and minerals can be beneficial. Iron and zinc deficiencies may impede 
normal growth (see Table 9.5). Supplementation of zinc and other 
trace minerals has been shown to enhance catch-up growth in mal- 
nourished children. A trial of an appetite stimulant, such as cyprohep- 
tadine, can be effective in some children. 


Referral Resources and Other Options 

Multidisciplinary Team 

Children with FTT have complex medical and psychosocial issues. As 
a result, a biomedical model of care may be insufficient for managing 
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the child and family. A multidisciplinary approach may be beneficial 
in complicated cases by relieving the medical provider of the respon- 
sibilities of investigating the home situation, reviewing the family’s 
finances and resources, and observation of mealtime. 

The team might include a physician, social worker, psychologist, 
nutritionist, nurse, child life specialist, and home visitor. Each team 
member evaluates the patient and family according to his or her dis- 
cipline. The team then discusses the case and develops a plan for 
ongoing management. Children treated by teams have been found to 
have better outcomes than do children receiving routine care. 

The psychological evaluation may identify children with develop- 
mental delays, and can assess family stressors and help identify 
strengths and weaknesses in the family. In some families, the child 
may be the indicator that there is an underlying disturbance, such as 
depression or marital stress. The psychologist can also offer support 
and reassurance as the family goes through a difficult period caused 
by potential long-term nutritional rehabilitation of the child. In addi- 
tion, the psychologist can help the caregiver understand that improv- 
ing the feeding situation takes a great effort on the part of the parent 
as well as the child and that new strategies are required for successful 
weight gain. 

The nutritionist’s expertise is essential for a thorough evaluation 
and follow-up plan. When taking a complete nutritional history, the 
nutritionist can analyze the nutritional and caloric values of the foods 
eaten. Alternative meal plans can then be developed to maximize calo- 
ries and nutritional content. 

A social worker’s contribution to the team is an assessment of the 
child’s environment and factors that may be contributing to the child’s 
poor growth. Areas for investigation include social supports, housing 
conditions (crowding, space for food storage, proper refrigeration), 
and financial hardships. Families may need assistance with arranging 
work leave, rearranging work schedules, transportation, or respite care. 
Families can be directed to community-support services that focus 
both on social/emotional and material/financial issues. Participation 
in the WIC program ameliorates food insecurity. If child maltreatment 
is suspected, the social worker assists with communication with the 
appropriate social service agency. 

When feasible, home observation provides a wealth of information 
to the clinician about the environment in which the child resides and 
eats meals. Does the child have an appropriate place in which to eat? 
Is there a supply of appropriate foods in the home? What are the other 
environmental factors that may be impeding the child’s growth? 
Studies of home interventions have had mixed success, but young 
children with highest risks have improved developmental outcomes 
with home intervention. 


Recording or Direct Observation 


Observation or recording of a meal provides an opportunity to assess 
the child’s willingness and ability to participate in the meal, the parent- 
ing style, and the interaction between the child and parents. Parent 
feeding style can be classified as responsive/authoritative, controlling/ 
authoritarian, indulgent/permissive, or neglectful/rejecting. Parent 
and child strengths should be pointed out to the parent. Problematic 
communication, both verbal and nonverbal, should be reviewed. Dif- 
ficulties that are observed should be discussed and become the basis 
for further intervention. 


Involvement of Social Service Agencies 


Clinicians caring for children with FTT often find themselves working 
in conjunction with other agencies, including social service agencies. 
Children who are refused food or are abused in any way must be 
reported. It may, however, be difficult to determine what constitutes 


neglectful care. Families that are disorganized and overwhelmed, have 
other pressing social issues, or refuse to follow recommendations, 
resulting in lack of sufficient progress in the child’s growth, must be 
reported to the local agency. This may include parents with cognitive 
deficits or mental health problems. It is important for all agencies to 
work together and articulate a plan, so that the families involved do 
not receive conflicting instructions and messages. 


Behavioral Strategies 


In some situations, behavior-modification programs are used. These 
may include strategies to determine specific parameters in the feeding 
environment that will improve the child’s intake. These may include 
colors, textures, tastes, etc. In more difficult cases, a strict behavior 
modification program may be used. 


Non-Oral Enteral Feeding 


For some children, maximizing oral intake may nonetheless provide 
insufficient calories for catch-up growth. The clinician may consider 
other forms of enteral feeding. This intervention is needed if, despite 
all other attempts to maximize oral feeding, the child’s growth is falling 
further below the 5th percentile or if the child is showing signs of 
severe malnourishment (e.g., hypoalbuminemia, or low prealbumin 
levels). 

Initially, nasogastric (NG) feeding can be used for night feedings. 
The child should be encouraged to eat orally during the day. If the need 
for the NG tube is extended for a longer duration (some authorities 
use 3 months), then a referral should be made for placement of a 
percutaneous gastrostomy tube (G-tube). This is used for supplemen- 
tal nutrition for most children and is not a substitute for oral intake. 
Children receiving supplemental alimentation should be monitored 
very closely. Once the weight for height is near the 50th percentile, the 
supplement should be adjusted to prevent obesity. The G-tube is 
removed when the child can sustain an adequate growth rate eating 
orally. 

It is very important that some oral stimulation continue even if the 
G-tube is the main source of nutrition. If children are denied the 
chance to develop competence in age-appropriate feeding behaviors, 
they are likely to develop food aversions. This makes reintroduction of 
oral intake extremely difficult. 


CHILDREN WITH SPECIAL HEALTH CARE NEEDS 


This category encompasses a variety of children: children with isolated 
dysphagia for whom eating represents more work than pleasure, chil- 
dren with sensory issues for whom food tastes and textures can be 
experienced as adverse, and children who are technology dependent 
and not able to self-regulate caloric intake. 

During the medical assessment, if a child is found to have drooling, 
coughing, gagging, pocketing of food in the cheek, retention of food 
in the mouth, or oral aversion, consider oral motor problems. An 
assessment by a speech therapist or occupational therapist with specific 
training in oral motor therapy can help reveal specific problems that 
are amenable to therapy. A modified barium swallow may be recom- 
mended to assess the risk of aspiration. Some children with oral motor 
dysfunction develop oral aversion, as if it is not worth the effort to put 
anything in their mouths. Oral motor therapy or involvement in an 
intensive feeding program that addresses feeding therapy in a multi- 
disciplinary fashion may be indicated for these children. 

Children with autism often have sensory issues that cause feeding 
aversion. Again oral motor evaluation and therapy may be of help, but 
the therapy may need to focus on oral desensitization rather than 
motor skills. These children will sometimes accept only a very limited 
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number of foods, or a single color, or texture. The clinician can ensure 
adequate micronutrient intake with vitamins and other supplements, 
but may need to disguise them in the accepted foods. 

Technology-dependent children represent a very different chal- 
lenge. Here, it is necessary to monitor growth regularly, and adjust 
caloric intake as necessary. Increased activity or work, due perhaps to 
improved motor skills, or decrease in respiratory support, can abruptly 
increase a child’s caloric need and cause weight loss if caloric intake is 
not increased. In general, increases of 10% are well tolerated, and can 
be adequate to improve growth. This can be done by increasing volume 
or caloric density depending on the particular patient’s clinical situa- 
tion. Follow-up weight checks in 2-4 weeks can inform the clinician if 
the increase was adequate, or excessive, and additional adjustments can 
be made. Failure to gain weight appropriately even with additional 
calories should prompt further evaluation for increased utilization or 
improper home feeding. 


CRITERIA FOR HOSPITALIZATION 


Decisions about when to hospitalize an infant with FTT are inevitably 
influenced by practical considerations of the availability and quality of 
hospital services, cost, and distance from the family’s home. The 
medical issues are whether hospitalization will facilitate further diag- 
nostic steps and whether the affected child is malnourished enough to 
create a sense of urgency about nutritional rehabilitation. Loss of more 
than 30% of the average weight for length (to less than 70% of expected 
weight for length) constitutes severe malnutrition, which most physi- 
cians would be reluctant to treat on an outpatient basis unless there is 
no satisfactory alternative. In addition, hospitalization is indicated if 
there is a concern about factitious disorder (Munchausen syndrome) 
by proxy. In this situation, a parent may be purposefully manipulating 
the child in order to produce FTT or other symptoms. 

Most children with FTT gain weight in the hospital within 1-2 
weeks, but obtaining a weight gain in a short amount of time does not 
prove that the home environment was the problem. Alternatively, even 
a 1- to 2-week hospitalization in a child without an organic cause of the 
growth failure may not produce a sustainable weight gain. The foreign 
surroundings and lack of familiar faces might prevent the child from 
eating appropriately. Parents may not be able to remain with the child 
in the hospital if they have other small children to attend to at home. 

Sufficient time must be anticipated in the hospital for substantial 
recovery; in severe cases, full recovery requires about 6 weeks. After 
initial stabilization and reassurance that the infant is doing well, the 
child can spend much of this recovery period in a less expensive, non- 
intensive supervised medical care facility that emphasizes nutritional 
support and psychosocial stimulation. Creative approaches to well- 
organized outpatient day programs or frequent home visiting by prop- 
erly trained health care workers may provide an attractive alternative 
to hospitalization. 


MONITORING 


Long-term follow-up is required to ensure that initial weight gains are 
sustained. At the follow-up visits, the 24-hour diet recall is assessed, or 
a 3-day diet history is brought by the family. At all visits, the child’s 
growth parameters must be plotted. Dividing weight gained by the 
number of days since the last measurement provides a mean growth 
rate. This can be compared with the normal growth rate in children 
by age group (see Table 9.9). A child in need of catch-up growth should 
exceed the expected growth rate for normal children. Periodically, the 
family can be observed or recorded during a feeding session to deter- 
mine improvement from prior sessions. 


LONG-TERM OUTCOMES 


Children with early FTT may suffer long-term consequences in growth, 
cognitive development, and social functioning. Outcomes depend 
on cause, age at intervention, and associated risk factors and may 
not be as ominous as early studies suggested. Parental self- perceived 
competence and child adaptability have been associated with good 
outcomes. 

Children with FTT who experience other social stressors are at 
higher risk for adverse outcomes. Poverty and associated family and 
environmental problems may exacerbate the negative effects of FTT. 
Children with FTT who experience neglect are more likely to have poor 
outcomes. However children who are diagnosed early and given appro- 
priate treatment and family support services have better recovery than 
those who are treated later. 

FTT may have long-term effects on growth. It may affect ultimate 
stature and possibly brain growth and development. Children in whom 
the FTT has an organic cause that can be successfully managed often 
do well. For those with undetermined causes or persistent FTT, 
outcome can be poor. Growth may continue to be delayed. Ultimate 
stature may be shorter than that predicted from mean parental heights 
(see Chapter 43). Similarly some children who were SGA at birth may 
remain small for their life span; nutritional enhancement will have 
minimal effect. 
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Of interest is that with long-term follow-up, some children with 
FTT have been observed to develop obesity. Starvation followed by 
aggressive nutrition rehabilitation may lead to the development of 
insulin resistance. The factors that lead some children to develop these 
consequences of overnutrition are not fully understood. 

Poor developmental and cognitive outcomes have been found in 
many children with FTT. However, studies of these children have mul- 
tiple confounding factors, and it is difficult to ascribe outcomes solely 
to the nutritional deficiencies. Some of the children who fare poorly 
may have had initial mild deficits that were undetected. Those who 
were symmetrically small for gestational age and those with micro- 
cephaly are particularly at risk for diminished cognitive potential. Chil- 
dren who are stunted in the first 2 years of life have poor long-term 
outcomes. Home intervention by child development specialists may 
lessen the impact of FTT on cognitive skills. Children should be 
referred for early intervention services as soon as deficits are detected. 
Better success will be achieved if intervention is started early. 

Children with FTT may manifest behavioral problems, even after 
the nutritional issues appear to be resolved. If the behaviors are par- 
ticularly difficult to manage, the services of a psychologist or behavior 
specialist are warranted. 


FTT (or growth faltering) is a complex condition encompassing bio- 
medical and psychosocial causes. In the United States, it is most often 
associated with various psychosocial attributes of the parents, family, 
or child. The keys to determining the cause are a thorough history and 
physical examination, including assessment of the growth pattern over 
time. Red flags include refusal to eat, poor response to feedings, an 
inappropriately small head size, and abnormal physical signs. Clini- 
cians should be vigilant in identifying chronic disease as well as indica- 
tors of child abuse and neglect (see Table 9.4). Episodes of recurrent 
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emesis, altered mental status, metabolic acidosis, and hypoglycemia 
should raise suspicions of an inborn error of metabolism. Micro- 
cephaly, seizures, developmental delay or developmental regression, 
and hypotonia or hypertonia should lead to suspicions of a chronic 
neurologic problem. Specialists should be consulted for suspected con- 
ditions or specific questions. Identifying and treating the medical and 
psychosocial causes while enhancing calorie intake can result in good 
outcomes. 
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Acute abdominal pain is usually a self-limiting, benign condition that 
is commonly caused by gastroenteritis, constipation, or a viral illness. 
The challenge is to identify children who require immediate evaluation 
for potentially life-threatening conditions. Chronic abdominal pain is 
also a common complaint in pediatric practices, as it comprises 2-4% 
of pediatric visits. At least 20% of children seek attention for chronic 
abdominal pain by the age of 15 years. Up to 28% of children complain 
of abdominal pain at least once per week and only 2% seek medical 
attention. The primary care physician, pediatrician, emergency physi- 
cian, and surgeon must be able to distinguish serious and potentially 
life-threatening diseases from more benign problems (Table 10.1). 
Abdominal pain may be a single acute event (Tables 10.2 and 10.3), a 
recurring acute problem (as in abdominal migraine), or a chronic 
problem (Table 10.4). The differential diagnosis is lengthy, differs from 
that in adults, and varies by age group. Although some disorders occur 
throughout childhood (constipation, gastroenteritis, lower lobe pneu- 
monia, urinary tract infections), others are more common in a specific 
age group (see Table 10.2). 


PATHOPHYSIOLOGY OF ABDOMINAL PAIN 


Abdominal pain results from stimulation of nociceptive receptors and 
afferent sympathetic stretch receptors. The pain is classified as visceral 
or parietal (somatic). 


Visceral Pain 


Visceral pain receptors are located on the serosa surface, in the mes- 
entery, within intestinal muscle, and mucosa of hollow organs. Pain is 
initiated when receptors are stimulated by excessive contraction, 
stretching, tension or ischemia of the walls of hollow viscera, the 
capsule of a solid organ (liver, spleen, kidney), or of the mesentery. 
Increased contraction of the smooth muscle of hollow viscera may be 
caused by infection, toxins (bacterial or chemical agents), ulceration, 
inflammation, or ischemia. Increased hepatic capsule tension may be 
secondary to passive congestion (heart failure, pericarditis) or inflam- 
mation (hepatitis). 

Afferent fibers involved in processing visceral pain are unmyelin- 
ated C-fibers that enter the spinal cord bilaterally, resulting in dull, 
poorly localized pain. Visceral pain is often of gradual onset, and 
although localization may be imprecise, some general rules may be 
helpful (Fig. 10.1). 


Parietal Pain 


Parietal pain arises from direct noxious (usually inflammation) stimu- 
lation of the contiguous parietal peritoneum (e.g., right lower quad- 
rant at the McBurney point, appendicitis) or the diaphragm (splenic 
rupture, subdiaphragmatic abscess). Parietal pain is transmitted 
through A-delta fibers to specific dorsal root ganglia and thus is 
usually sharp, and more intense. It can usually be exacerbated by 
movement or cough, is accompanied by tenderness over the site of 
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Adrian Miranda 


irritation, and lateralizes to one of four quadrants. Because of the 
relative localization of the noxious stimulation to the underlying 
peritoneum and the more anatomically specific and unilateral inner- 
vation (peripheral-nonautonomic nerves) of the peritoneum, it is 
usually easier to identify the precise anatomic location that is produc- 
ing parietal pain (Fig. 10.2). 


ACUTE ABDOMINAL PAIN 


The clinician evaluating the child with abdominal pain of acute onset 
must decide quickly whether the child has a “surgical abdomen” (a 
serious medical problem necessitating treatment and admission to the 
hospital) or a process that can be managed on an outpatient basis. 
Even though surgical diagnoses are fewer than 10% of all causes of 
abdominal pain in children, they can be life-threatening if untreated. 
Approximately 55% of children evaluated for acute abdominal pain 
have a specific medical diagnosis; in another 45%, the cause is never 
defined. 


$ History 


Obtaining an accurate history is critical for making an accurate diag- 
nosis but is dependent both on the ability and willingness of the 
child to communicate and on the skill of the parent or guardian as 
an observer. The person providing an infants care is the best source 
of information about the current illness; the examining physician 
should try to elicit as much information from the child as possible. 
Some children give a good account of their illness when they are 
simply asked to describe it; most children must be asked open-ended, 
non-leading questions. To determine the presence of anorexia, the 
physician must ask questions about food intake, the time the food 
was eaten, and how that behavior compares to the child’s normal 
intake. The answers are often quite different from the responses to 
the more general questions “Are you hungry?” and “Have you eaten 
today?” 

During the history taking, the child should remain in the parent’s 
arms, at play, or comfortably seated beside the parent, as appropriate 
for the child’s age. While the history is obtained, there is no particular 
reason that the child should be undressed. The clinician must resist the 
urge to speed things up by examining the child while taking the history. 
On occasion, when seeing a seriously ill child, the physician may need 
to abbreviate the diagnostic process, but taking short cuts may lead to 
inaccurate conclusions. 


Essential Components of the History 


Time of onset of pain. Pain of fewer than 6 hours’ duration is 
accompanied by nonspecific findings, and observation is often needed 
to determine the nature of the illness. Pain lasting from 6-48 hours is 
more apt to have a cause that warrants medical intervention, although 
delays in presentation and diagnosis in children are not unusual. 
Timing of the progression of symptoms must be detailed. 
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(See Nelson Textbook of Pediatrics, p. 1764.) 


TABLE 10.1 


Disease 
Functional: irritable 


bowel syndrome 
Gastroenteritis 
Esophageal reflux 
Duodenal ulcer 


Pancreatitis 


Intestinal 
obstruction 


Appendicitis 


Meckel diverticulitis 
(mimics 
appendicitis) 

Inflammatory bowel 
disease 


Intussusception 
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Distinguishing Features of Abdominal Pain in Children 


Onset 
Recurrent 


Acute or gradual 
Recurrent, after 


meals, bedtime 
Recurrent, before 

meals, at night 
Acute 


Acute or gradual 


Acute or gradual 


(1-2 days) 


Recurrent or 
constant 


Recurrent 


Acute 


Location Referral 


Periumbilical None 


Periumbilical, rectal- 

tenesmus 
Substernal 
Epigastric 


Epigastric/hypogastric 


Periumbilical-lower 
abdomen 


Back or pelvis 
if retrocecal 


Initially periumbilical or 
epigastric; later localized 
to the right lower quadrant 


Generalized diffuse with None 
perforation: periumbilical— 


lower abdomen 
Depends on site of 

involvement 
Periumbilical—lower 

abdomen 


Quality 

Dull, crampy, intermittent, 
duration 2 hr 

Crampy, dull, intermittent 

Burning 

severe burning, gnawing 


Constant, sharp, boring 


Alternating cramping (colic) 
and painless periods 


sharp, steady 


sharp 


Dull cramping, tenesmus 


Cramping, with painless 
periods 


Comments 


Caused by unknown physiologic 
factors; diarrhea/constipation 
are symptoms 


Emesis, fever, watery diarrhea or 
dysentery (mucus and blood) 


Sour taste in mouth, Sandifer 
syndrome 


Relieved by food, milk, antacids; 
family history 

Nausea, emesis, marked 
tenderness 

Distention, obstipation, bilious 
emesis, increased bowel 
sounds 


Nausea, emesis, local 
tenderness with/without fever; 
patient is motionless 

Hematochezia: painless unless 
intussusception, diverticulitis, 
or perforation 

Fever, weight loss, with/without 
hematochezia 

Guarded position with knees 
pulled up, “currant jelly” stools 


Recurrent with Lower abdomen 


milk products 


Lactose intolerance 
Urolithiasis Acute, sudden Back 


Pyelonephritis Acute, sudden Back 


Cholecystitis/ 
cholelithiasis 


Right upper quadrant 


CT, computed tomography; KUB, kidney, ureter, and bladder. 


Right shoulder, 
scapula 


Cramping Distention, gaseousness, 


diarrhea 
Hematuria; calcification on KUB 
x-ray study, CT scan 


severe colicky pain 


Fever, costochondral tenderness, 
dysuria, pyuria, urinary 
frequency 


Dull to sharp 


severe colicky pain Hemolysis with/without jaundice 


Data from Andreoli TE, Carpenter CJ, Plum F, et al. Cecil Essential of Medicine. Philadelphia: WB Saunders; 1994:326; Behrman R, Kliegman R. 
Nelson Essentials of Pediatrics. 2nd ed. Philadelphia: WB Saunders; 1994:396. 


Location of pain. The location of the pain at its onset and any 
change in location are very important (Table 10.5; see also Table 10.1). 
Most intraperitoneal visceral pain is a response to the stimulation of 
stretch fibers in the bowel wall and is mediated through the spinal 
nerves. This pain is sensed as a deep, aching periumbilical pain. Pain 
caused by inflammation of the parietal peritoneum (acute appendici- 
tis) is localized to the area of the inflamed organ or is diffuse if the 
inflammation is extensive and involves more of the peritoneal cavity. 
Pain resulting from obstruction of an organ is localized to the area of 
that organ and radiates to the commonly innervated region (e.g., 
stones in the ureter cause intense flank pain with radiation into the 
groin). Pain that is migratory or fleeting in location is rarely suggestive 
of a problem requiring operative intervention. 

Character of pain. The character of the pain is often difficult for 
the child to describe. Some older children may be able to differentiate 
cramping, aching, and burning sensations, but most children do not 
do this well. Children can relate whether the pain comes and goes or 
is continuous and unrelenting. The character of the pain is usually 


unknown in the toddler and infant, although the parent can determine 
whether the discomfort is constant, cramping, or intermittent. If the 
child intermittently draws the legs up in a flexed position and cries, the 
clinician can assume that intermittent pain is present. 

Child's activity level. The effect of the pain on the child’s activities 
is an important indicator of the severity of the underlying disease. If 
the pain is sufficiently severe to awaken the child from a sound sleep, 
it is of much more significance than pain that occurs only at school 
and never on weekends. If a child has had to avoid a favorite activity, 
the pain is more apt to have a defined organic cause. This applies only 
to children with acute abdominal pain because children with chronic 
functional abdominal pain may wake up from sleep and may miss 
favorite activities due to pain and disability. Asking whether motion 
worsens the pain helps differentiate peritoneal irritation or musculo- 
skeletal diseases from more nonspecific problems. The child with acute 
appendicitis lies motionless, whereas the child with a renal stone, gall- 
stone, gastroenteritis, or pancreatitis may toss and turn and writhe in 
discomfort. Localized, superficial, tender trigger points in the 
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TABLE 10.2 Causes of Acute Abdominal Pain by Age Group 


Neonate 
Necrotizing enterocolitis” 


Obstruction * 
Malrotation with volvulus* 
Idiopathic or drug (indomethacin, steroid)—induced intestinal perforation 


Infant (<2 yr) 
Intussusception™ 


Incarcerated hernia* 
Urinary tract infection” 
Gastroenteritis*' 
Intestinal obstruction 
Malrotation with volvulus 
Trauma (e.g., abuse) 
Pneumonitis (lower lobe) 
Hirschsprung disease 
Aerophagia 

Spontaneous bacterial peritonitis 
Gastroesophageal reflux 


Child (2-11 yr) 
Appendicitis* 
Gastroenteritis*' 

Trauma* 

Henoch-Schönlein purpura 
Hemolytic uremic syndrome 
Hepatitis 

Peptic ulcer disease 

Sickle cell anemia: vasoocclusive crisis 
Pancreatitis 

Pneumonia (lower lobe) 
Abdominal tumors 
Pyelonephritis/cystitis 
Testicular torsion 

Torsed cryptorchid testis 


*Most commonly seen problem. 


Incarcerated hernia 
Typhlitis 
Pharyngitis/tonsillitis 
Meckel diverticulitis 


Superior mesenteric artery syndrome 


Mesenteric adenitis 
Spontaneous bacterial peritonitis 
DKA 

Streptococcal pharyngitis 
Idiopathic* 


Adolescent (12-19 yr) 
Appendicitis* 

Pelvic inflammatory disease ° 
Trauma* 

Tubo-ovarian abscess 
Fitz-Hugh—Curtis syndrome 
Labor (pregnancy) 

Hepatitis 

Pancreatitis (any cause) 
Ectopic pregnancy 

Crohn disease 

Ovarian cyst/mittelschmerz* 
sickle cell crisis 

Peptic ulcer disease 

Omental torsion 

Psoas abscess or hemorrhage 
Mesenteric adenitis 

Urinary tract infection 


Muscle strain (exercise, coughing) 


DKA 
Testicular torsion 
Idiopathic* 


Abdominal Pain 


"Gastroenteritis indicates intestinal infection with viral, bacterial, protozoal, or parasitic agents. Giardiasis and cryptosporidiosis are particularly 


common and may produce acute or chronic pain. 
DKA, diabetic ketoacidosis. 


abdominal wall may suggest abdominal wall (muscle, cutaneous) pain. 
The localized pain results from entrapment of cutaneous terminal 
branches of intercostal nerves (7th-12th) penetrating the rectus 
abdominis muscle and can easily be missed without the proper history 
or exam. 

Gastrointestinal symptoms. The presence or absence of gastro- 
intestinal symptoms may differentiate intestinal problems (acute 
appendicitis, gastroenteritis, acute cholecystitis) from those arising 
from other intraabdominal organs (urinary tract infection, ovarian 
disease, abdominal wall pain). 

Anorexia and nausea are difficult symptoms for a small child to 
describe. Often, if simply asked whether he or she is hungry, a child 
will respond in the affirmative. Questions about recent food intake, 
normal eating habits, the last normal meal, and the current desirability 
of a favorite food often provide more accurate information about the 


TABLE 10.3 Sudden Acute Excruciating 
Abdominal Pain (Within Minutes) 


Intestinal Perforation 
Peptic ulcer disease 
Appendicitis 

Diverticula 


Vascular Occlusion 
Midgut volvulus 

Emboli 

Endocarditis 
Strangulated hernia 
Ovarian torsion 
Testicular torsion 


Luminal Occlusion 
Urolithiasis 
Cholelithiasis 
Strangulated hernia 


Intraabdominal Hemorrhage 
Ectopic pregnancy 

Ruptured aortic aneurysm 

Ruptured spleen 


presence or absence of anorexia and nausea than do direct questions 
about appetite or nausea. 

Vomiting associated with acute pain is usually related to intestinal 
disease, such as ileus, gastroenteritis, or acute problems of the gastro- 
intestinal tract that warrant surgery. However, vomiting may occur as 
a response to severe non-intestinal pain such as in testicular torsion; 
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TABLE 10.4 Causes of Chronic and 
Recurrent Abdominal Pain by Age Group 


Infant (<2 yr) 
Colic’ 

Inguinal hernia 
Malabsorption’ 

Milk allergy 
Hirschsprung disease 
Cystic fibrosis 
Rotational defects 


Malformations 
Esophagitis 


Child (2-11 yr) 
Constipation’ 
Functional pain’ 
Giardiasis' 

Peptic ulcer disease 
Toxins (lead) 
Pancreatitis 
Parasites 
Tumors/masses 
Diskitis/osteomyelitis 


Adolescent 
(12-19 yr) 
Irritable bowel syndrome! 
Psychogenic factors’ 
Dysmenorrhea’ 
Mittelschmerz' 
Peptic ulcer disease 
Gallbladder disease 
Pelvic inflammatory 
disease 
Ovarian cysts 


Diabetes mellitus 

Inflammatory bowel 
disease 

Malignancy 

Giardiasis 

Serositis (e.g., SLE, 
familial Mediterranean 
fever) 

Intraabdominal abscess? 

Hereditary angioedema 


Abdominal migraine 
Diabetes mellitus 
Volvulus 
Intraabdominal 
abscess: 
Choledochal cyst 


*See also Table 10.6. 

‘Most common diagnoses. 

‘Includes lactose and sorbitol (and other fruit-juice polyalcohols) 
intolerance. 

‘Hepatic, pancreatic, subphrenic, psoas, perinephric, renal, pelvic. 
SLE, systemic lupus erythematosus. 


ram 


this vomiting is usually not recurring and is not a prominent feature. 
Vomiting may be a sign of increased intracranial pressure, which may 
or may not be accompanied by associated headache or vital sign 
changes (bradycardia, hypertension, irregular respirations), a bulging 
fontanel, an altered level of consciousness, or neurologic findings (3rd 
or 6th cranial nerve palsies). Care should be taken to determine 
whether the pain occurs before or after the onset of the vomiting. With 
acute surgical lesions (those caused by intestinal obstruction, acute 
appendicitis, acute cholecystitis), the pain usually occurs before or 
during the vomiting. If the vomiting occurred before the onset of pain, 
the clinician should suspect gastroenteritis or another nonspecific 
problem. The appearance of the vomited material is also important. 
Feculent or dark-green material suggests intestinal obstruction. Dark 
brown or frankly bloody material indicates gastritis, prolapse gastropa- 
thy, or peptic ulcer disease as the source of pain. 

Diarrhea occurs commonly in intestinal diseases of viral, parasitic, 
or bacterial origin. The stool volume is large, and defecation is usually 
preceded by cramping pain that is alleviated by the passage of the 
diarrheal stool. Diarrhea may also occur in the presence of acute 
appendicitis or other pelvic infections (such as those resulting from 
pelvic inflammatory disease, tubo-ovarian abscess); in these cases, 
diarrhea is caused by inflammation and irritation of an area of colon 
adjacent to an inflammatory mass. The diarrhea in this instance is of 
small volume and is frequent. It is important to obtain an estimate of 
the volume and consistency of stool. Diarrhea may also occur in lesions 
that cause partial obstruction of the bowel, such as strictures, adhe- 
sions, and Hirschsprung disease. In this situation, the patient also has 
some degree of abdominal distention. Constipation alone can cause 
acute abdominal pain and may also indicate other gastrointestinal 
dysfunction. Some constipated children present with a picture very 
similar to that seen in acute appendicitis but have a large amount of 
stool filling the entire colon. It is therefore important to obtain a good 
history of not only bowel movement frequency but also consistency 
as well (see Chapter 16). The history and exam is sufficient to make 
the diagnosis of constipation, and imaging is usually not necessary. 
Once the diagnosis is made, appropriate treatment should start with 
a proper clean-out followed by maintenance therapy. The clinician 
should not be fooled by the symptom of tenesmus, where the patient 
has a feeling of constantly needing to pass stools despite having an 


Q g 


FIGURE 10.1 “Visceral” abdominal pain: deep, dull, diffuse. The three general localizations of midline 
“visceral” abdominal pain are epigastric (7), periumbilical (2), and hypogastric (3). 1, Epigastric pain usually 
suggests disease of the thorax, stomach, duodenum, pancreas, liver, or gallbladder. 2, Periumbilical pain 
usually implies disease of the small intestine, cecum, or both. 3, Hypogastric pain usually implicates the 
large intestine, pelvic organs, or urinary system. (From Reilly BM. Abdominal pain. In: Practical Strategies in 
Outpatient Medicine. 2nd ed. Philadelphia: WB Saunders; 1991:702.) 
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FIGURE 10.2 Common and uncommon conditions that may cause “parietal” pain and localized peritonitis 
in the various quadrants of the abdomen. A, Right-upper quadrant. B, Left-upper quadrant. C, Right-lower 
quadrant. D, Left-lower quadrant. (From Reilly BM. Abdominal pain. In: Practical Strategies in Outpatient 


Medicine. 2nd ed. Philadelphia: WB Saunders; 1991:703.) 


TABLE 1O.5 Localization of Abdominal 
Pain: Referred or Radiated 
REFERRED 


Extraabdominal Lesion Pain 
Referred to Abdomen 


Intraabdominal 
Extraperitoneal Origin 


Thorax Pancreas 

spine Kidney 

Hips Ureters 

Pelvis Great vessels 
Pelvic organs 
Retroperitoneal space 


RADIATED 


Origin Is Primary Site with Simultaneously Perceived Pain 
in a Secondary Site 

Cholecystitis radiates to subscapular area 

Splenic injury radiates to shoulder 

Ureteral colic (stones) radiates to testis, upper leg or groin 

Pancreatitis radiates to back 


empty colon. Tenesmus can be seen in the setting of proctocolitis or 
inflammatory bowel disease and is often misinterpreted by the patient 
as constipation. 

Associated symptoms. The presence of headache, sore throat, and 
other generalized aches and pains moves the examiner away from a 
diagnosis of an acute problem warranting surgery and strongly sug- 
gests a viral flu-like illness. Asking the child to point to the area of 
worst pain sometimes results in the child pointing to the head or 
throat. The examiner must be careful to remember the whole child and 
not to focus on the abdomen just because that is the area of the pre- 
senting complaint. Many systemic diseases directly or indirectly 
produce abdominal pain and must be considered in the differential 
diagnosis (‘Table 10.6). 

Family history and personal medical history. Viral gastroenteritis, 
other viral syndromes, and food poisoning may affect the patient’s 
family or schoolmates; it is important to ask about other family 
members, classmates, or playmates who have recently had similar 
symptoms. Certain systemic and inherited diseases, such as sickle cell 
anemia, diabetes mellitus, celiac disease, spherocytosis, familial Medi- 
terranean fever, and porphyria, are associated with episodes of abdom- 
inal pain. A strong family history of migraine headaches in a child 
with several previous episodes of intense abdominal pain that have 
resolved, who presents with a new “attack,” suggests the possibility of 
abdominal migraine. The family must be asked about familial diseases 
and any previous episodes of pain in the child. Previous intraabdominal 
operations may result in adhesions that can cause pain, intestinal 
obstruction, or both. A history of previous intraabdominal surgeries 
suggests the possibility of bowel obstruction. Some specific medical 
illnesses result in identifiable or predictable causes of abdominal pain 
(Table 10.7). 


® Physical Examination 


The physical examination begins when the clinician enters the room 
and observes the child’s activity and demeanor while obtaining the 
history. Does the child appear ill? Is the patient lethargic, rolling about 
in discomfort, alert but lying very still, or bouncing all over the room? 
Each of these activities conveys a message. The listless, lethargic child 
may be in shock, dehydrated, and very ill. The child who is crying out 
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loudly and generally dominating the scene probably does not have a 
problem that warrants surgery and may have mild pain that is self- 
resolving. The child who seems only mildly ill but moves with great 
care, if at all, is assumed to have an inflammatory process until it is 
proven otherwise. 

Physical examination techniques and findings are age dependent. 
Younger children may have difficulty cooperating because of fear or 
discomfort. Younger children may be more cooperative if kept on their 
parent’s lap. Older children should be asked to get onto the examina- 
tion table with as little assistance as possible. If the child does this easily, 
the probability of an acute intraabdominal inflammatory process is 
quite low. Outer bulky clothing should be removed to allow good 
exposure of the abdomen without the child having to feel vulnerable. 

The examination must be performed in a relaxed, friendly manner 
with attention fully focused on the child. An accurate examination 
depends on the child’s trust and cooperation. A conversation with the 
child about family, friends, pets, school, sports, music, or other specific 
interests of that child diverts attention (distraction) from the examina- 
tion and increases cooperation. The examiner should never surprise 
the child and should never lie. The first surprise or untruth, such 
as the statement “This won't hurt,’ destroys any trust that has 
developed. 

Low-grade fever (<38.3°C) is seen in early appendicitis but is also 
common in many other diseases. The absence of fever does not exclude 
the diagnosis of acute appendicitis or other problems necessitating 
surgical intervention. Tachycardia may reflect anxiety or may be caused 
by dehydration, shock, fever, or pain. Tachypnea suggests a metabolic 
acidosis (shock, diabetes mellitus, or toxic ingestion), an intrapulmo- 
nary process, sepsis, or fever. The vital signs must be viewed in context 
but may be the first clue to a serious illness. 

Examination of the head, neck, chest, and extremities may precede 
the abdominal examination. In children too young to describe the 
location of the pain, a careful examination of the ears is important, 
but can be performed at the end of the examination. Streptococcal 
pharyngitis or mononucleosis is sometimes accompanied by severe 
abdominal pain. Affected children will present with fever, appear ill, 
and have tender cervical adenopathy and an obvious tonsillitis, phar- 
yngitis, or both. 

Decreased breath sounds and/or rales in a lower-lung lobe, espe- 
cially on the right side, may indicate pneumonia. Children with lower 
lobe bacterial pneumonia present with severe abdominal pain, high 
fever, tachypnea, and, on occasion, vomiting. This presentation could 
mimic that of a child with peritonitis; however, the abdominal findings 
are not consistent with the diagnosis of an acute intraabdominal 
process, and examination of the lungs should demonstrate the 
pneumonia. 

The abdominal examination should be performed systematically 
and with the child as comfortable as possible. Before the examiner 
actually touches the child’s abdomen, he or she should observe it, 
looking for distention, inguinal masses, peristaltic waves, and scars 
from old injuries or surgical incisions. Inguinal and femoral hernias 
are often overlooked but a common cause of abdominal pain. Next, 
the child should be asked to indicate with one finger the point of great- 
est pain. The point may be a vague circle in the area of the umbilicus, 
but if the child specifies a defined spot, the examiner should avoid that 
area until the remainder of the abdomen has been palpated. 

Gentleness is essential to successful palpation of the abdomen. The 
examiner must warm both hands and the stethoscope before touching 
the patient. The stethoscope is an excellent tool for palpation of the 
abdomen. Auscultation of the chest can simply be extended to the 
abdomen, with the examiner assuring the child that the stethoscope 
did not hurt on the chest. The initial examination of the abdomen with 
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TABLE 10.6 Systemic Causes of Acute Abdominal Pain 


Metabolic, Hematologic 
Acute porphyria 

Familial Mediterranean fever 
Hereditary angioedema 

sickle cell crisis 

Leukemia 

Acute hemolytic states 

Diabetic ketoacidosis 

Hemolytic uremic syndrome 
Addison disease 

Uremia 

Electrolyte disturbances 
Hyperparathyroidism-hypercalcemia (urolithiasis, pancreatitis) 
Hypertriglyceridemia (pancreatitis) 
Fabry disease 


Musculoskeletal 
Arthritis/diskitis 

Osteomyelitis 

Thoracic nerve root dysfunction 
Trauma/child abuse 

Hernia 

Psoas abscess or hemorrhage 


Neurologic 
Abdominal epilepsy 


Abdominal migraine 
Brain tumor 
Multiple sclerosis 
Radiculopathy 
Neuropathy 

Herpes zoster 


Dysautonomia (Riley-Day syndrome) 


the stethoscope should be just for listening, with no pressure exerted, 
so that no discomfort results. 

Bowel sounds are usually nonspecific in most children with abdom- 
inal pain; however, in certain processes, they are helpful. High-pitched 
tinkling sounds or rushes are usually associated with an obstructive 
process. Bowel sounds in gastroenteritis are ordinarily very active and 
loud but may be normal. Acute appendicitis is accompanied by normal 
sounds in the early stages, but bowel sounds disappear with diffuse 
peritonitis. 

Watching the child’s reaction to the auscultation may be a valuable 
clue to areas of true tenderness. As the examiner continues to listen 
over the entire anterior abdomen, the pressure on the head of the 
stethoscope increases until the examiner is, in fact, palpating with the 
stethoscope. This often isa much more reliable method of eliciting true 
tenderness and guarding than is the palpating hand. 

Palpation is begun as far away from the area of pain identified by 
the child as possible. The examiner’s hand should be softly placed flat 
(in parallel) on the child’s abdomen. Directing fingers into the abdomen 
(perpendicular) as a method of palpation is unnecessary and often 
frightening. The clinician should watch the child’s face, not the 


Drugs, Toxins 
Heavy metal poisoning 


Lead 

Arsenic 

Mercury 
Mushroom ingestion 
Narcotic withdrawal 
Black widow spider bite 


Infectious, Inflammatory 
Acute rheumatic fever 


Infectious mononucleosis 
Rocky Mountain spotted fever 
Measles 

Mumps 

Pneumonia (lower lobe) 
Pericarditis 

Pharyngitis 
Epididymitis/orchitis 
Henoch-Schénlein purpura 
Hemolytic uremic syndrome 
systemic lupus erythematosus 
Endocarditis 

Anaphylaxis 


Other 
Pneumothorax 


Pulmonary embolism 
Functional 
Aerophagia 


abdomen, during the palpation. Some children are extremely stoic, and 
only the slightest grimace betrays the discomfort they are experiencing. 
Attention is paid during palpation to the presence of masses. The 
examiner should focus on finding the location of pain and the presence 
or absence of guarding or rebound tenderness. Guarding refers to the 
voluntary or involuntary (often referred to as rigidity) contraction of 
the abdominal musculature. Fear of pain, rather than actual pain elic- 
ited by palpation, is the most common cause for voluntary guarding 
while involuntary guarding results from reflexive spasms of the 
abdominal musculature in the setting of peritoneal irritation. A rigid 
or board-like abdomen is the result of involuntary guarding and 
cannot be overcome by distraction. Voluntary guarding usually starts 
before the palpation starts and can be overcome by asking the child to 
take deep breaths, flexing the knees and hips, or by using other distrac- 
tions appropriate to the child’s age and temperament. When encoun- 
tering tenderness, the examiner should palpate only deeply enough to 
elicit the complaint of pain and some guarding. There is no need to 
bring on unnecessary pain by deep palpation. 

Rebound pain is an indicator of peritoneal irritation and is elicited 
during examination of the anterior abdominal wall. It occurs when an 
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TABLE 10.7 Current or Past Aspects of 
Medical History That May Suggest Cause of 
Abdominal Pain 


Historical Factor Cause of Pain 


Pancreatitis, diabetes mellitus, meconium 
ileus equivalent, appendicitis, 
intussusception, biliary or urinary 
stones 


Cystic fibrosis 


Sickle cell anemia Vasoocclusive crisis, cholelithiasis, 
hepatitis, hemolytic crisis, renal 


infarction, splenic sequestration 
Diabetes mellitus Pancreatitis, gastric neuropathy 


Cirrhosis, nephrotic syndrome Primary bacterial peritonitis 


SLE, other autoimmune 
disorders 


Corticosteroids 
NSAID 


Vasculitis, pancreatitis, serositis, 
infarction 


Gastric ulceration, pancreatitis 
lleal perforation, gastric ulceration, 


renal-papillary necrosis 
HIV Gastroenteritis, hepatitis, pancreatitis, 
esophagitis, lymphoma 
Mononucleosis Hepatitis, splenic rupture 
Henoch-schonlein purpura Mucosal hemorrhage, intussusception 
Hemolytic uremic syndrome Colitis 


Upper respiratory tract Pneumonia, mesenteric adenitis 


infection 
Pneumonia Mesenteric adenitis 
Abscess, adhesions, obstruction, stricture, 


pancreatitis, ectopic pregnancy 


Prior surgery 


Inborn errors of metabolism, Pancreatitis 
hypertriglyceridemia, 
hypercalcemia 


Pancreatitis 


Drugs (valproic acid) 


HIV, human immunodeficiency virus; NSAID, nonsteroidal 
antiinflammatory drug; SLE, systemic lupus erythematosus. 


inflamed focus within the abdomen is compressed and the pressure is 
then quickly released, resulting in sudden and sometimes severe pain. 
The standard method to elicit rebound is to palpate deeply, then sud- 
denly remove the palpating hand. Although this sign aids in the deter- 
mination of the presence of an intraperitoneal inflammatory process, it is 
not necessary to cause extra discomfort or stress, particularly in younger 
children; it is not recommended. Peritoneal irritation can also be 
detected by maneuvers such as asking the child to jump, cough, or 
tapping the feet while observing for facial signs of discomfort. 

Other areas of inflammation can be detected by maneuvers that 
move muscles adjacent to the inflammation. A positive Carnett test 
occurs when pain is unchanged or increased when the supine patient 
tenses the abdominal wall by lifting the head and shoulders off the 
examining table. Carnett sign is a sensitive tool to discriminate abdom- 
inal wall pain from visceral pain. The psoas sign occurs when elevation 
and extension of the leg against the pressure of the examiner’s hand 
causes pain. An inflammatory mass, such as an inflamed appendix, a 
psoas abscess, or a perinephric abscess, in contact with the psoas 
muscle is the cause of this pain. Likewise, the obturator sign is pain 
with flexion of the thigh at right angles to the trunk and external rota- 
tion of the same leg while the patient is in the supine position. This 


FIGURE 10.3 A, The obturator sign. Pain occurs when the hip is flexed 
and rotated. Internal rotation is most likely to cause pain as a result of 
pelvic or retroperitoneal disease or both. B, The psoas sign. The test 
may be performed passively or actively. The hip is passively extended, 
thus stretching the psoas muscle (solid arrow). The hip is actively flexed 
usually against resistance, thus tensing the psoas muscle (dotted 
arrow). (From Reilly BM. Abdominal pain. In: Practical Strategies in 
Outpatient Medicine. 2nd ed. Philadelphia: WB Saunders; 1991:714.) 


sign results from contact of an inflammatory mass with the obturator 
muscle (Fig. 10.3). 

The flanks and back must be inspected and palpated. Percussion at 
the costovertebral angle elicits pain in the presence of renal or peri- 
nephric inflammation. Vertebral body and disk disease may be detected 
by palpitation of the spine. The perineum and genitalia must be 
inspected and palpated as necessary. External examination of the geni- 
talia in prepubertal girls is adequate. If a more thorough examination 
or an intravaginal examination is needed in prepubertal girls, it should 
generally be performed with the patient under anesthesia. In postpu- 
bertal girls, a pelvic examination may be valuable, regardless of the 
patient’s sexual activity history. 

The need for a rectal examination is controversial. If a diagnosis is 
already obvious, the rectal examination may be deferred. If an imaging 
study or colonoscopy is planned, a rectal examination may be unneces- 
sary. If constipation is suspected as the cause for pain, rectal examina- 
tion should be performed but should be the last part of the physical 
examination and should be performed only once. The child should be 
relaxed and should be given an honest explanation of the procedure. 
The examiner should use plenty of lubricant and should perform the 
rectal examination very gently. If the child strongly resists, it is point- 
less to perform a forceful examination. This is when the rectal exami- 
nation may truly be deferred. Lateralizing pain, masses, and the 
presence and character of stool in the rectum are assessed. The stool 
should always be tested for blood except in children with gastrostomy 
or nasogastric tubes since it will invariably be positive and can be 
misleading. 

Clues to an organic and at times more serious cause of abdominal 
pain are noted in Table 10.8. Furthermore, peritoneal signs, which 
suggest a “surgical abdomen,” most often caused by peritonitis are 
noted in Table 10.9. In addition, the presence of shock suggests other 
serious diseases (see Table 10.9). 


TABLE 1O.8 Red Flags and Clues to an 
Organic Cause of Abdominal Pain 


Age <4 years old 

Localized pain in nonperiumbilical site 
Referred pain 

Pain awakes child from sleep 

Sudden onset of excruciating pain 
Crescendo nature of pain 

Sudden worsening of pain 


Fever (high fever >39.4°C suggests pneumonia, pyelonephritis, dysentery, 
cholangitis, more than perforation or abscess) 


Jaundice 

Distention* 

Dysuria 

Emesis (especially bilious) 

Anorexia 

Weight loss 

Positive family history (metabolic disorders, peptic ulcer disease)’ 
Change in urine or stool color (blood, acholic) or frequency 
Vaginal discharge 

Sexual activity 

Delayed sexual development (chronic pain) 

Anemia 

Elevated erythrocyte sedimentation rate 


Specific physical findings (hepatomegaly, absent bowel sounds, adnexal 
tenderness, involuntary guarding, focal or diffuse tenderness, positive 
rectal examination results, perianal disease, joint swelling) 


*Consider 5 Fs: fat, feces, flatus (aerophagia, obstruction), fluid 
(ascites, hydronephrosis, cysts), fetus (pregnancy or fetal-like 
abnormal growth [e.g., tumors)]). 

"Family history is also positive for dysfunctional pain syndromes 
(constipation, irritable bowel, dysmenorrhea, and lactase deficiency). 


® Laboratory Evaluation 


After a careful history is obtained and thorough physical examination 
is performed, the diagnosis or a short list of possible diagnoses should 
be apparent. Laboratory data are supportive in confirming or ruling 
out suspected disease. 


Complete Blood Cell Count 


The hemoglobin and hematocrit levels can reveal anemia caused by 
acute or chronic blood loss (as with ulcers, inflammatory bowel disease, 
Meckel diverticula) or the anemia of chronic disease (as with systemic 
lupus erythematosus, inflammatory bowel disease). The white blood 
cell count indicates the possibility of infection or blood dyscrasias. In 
uncomplicated acute appendicitis, the white blood cell count ranges 
from normal values to as high as 16,000. A very high white blood cell 
count (>18,000/mm‘°) indicates intestinal gangrene, perforation, peri- 
tonitis, or abscess formation, but this count may also be high in acute 
bacterial gastroenteritis, streptococcal diseases, pyelonephritis, pelvic 
inflammatory disease, hemolytic uremic syndrome, and pneumonia. 
The differential cell count may also be helpful. In studies of children 
with acute appendicitis, 95% had neutrophilia, but only half had 
leukocytosis in the first 24 hours. If the child’s history and physical 
examination findings are highly suggestive of appendicitis, a normal or 
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TABLE 10.9 Peritoneal Signs of a 
“Surgical Abdomen” 


severe pain 

Patient's eyes anxiously open during examiner's palpation 
Patient is motionless 

Absent bowel sounds 

Extreme tenderness to palpation 

Voluntary guarding with gentle palpation 

Involuntary guarding: board-like rigidity 

Rebound tenderness (do not intentionally elicit) 

Pain with movement or cough 


If Shock Is Present, Consider: 
severe pancreatitis 


Trauma: intraabdominal hemorrhage 

Ruptured spleen (trauma, mononucleosis) 
Spontaneous bacterial peritonitis 

Secondary peritonitis (appendicitis, intussusception, perforated ulcer) 
Urosepsis 

Associated severe gastrointestinal bleeding 
Rupture of fallopian tube from ectopic pregnancy 
Pulmonary embolism 

Aortic dissection 

Volvulus 

Child abuse 


Addisonian crisis (adrenal insufficiency) 


mildly elevated white blood cell count should not dissuade the clinician 
from that diagnosis. However, a striking lymphocytosis may suggest 
gastroenteritis or a systemic illness. Overreliance on the complete blood 
count alone can cause delay in reaching the correct diagnosis. 


Urinalysis 

The urinalysis is an important and useful laboratory test in the evalu- 
ation of abdominal pain. The presence of ketones and a high specific 
gravity suggest poor food intake and dehydration. Large amounts of 
glucose and ketones in the urine indicate diabetic ketoacidosis. A preg- 
nancy test should be performed on postpubertal girls, regardless of 
sexual activity history. The presence of both white cells and bacteria 
indicates a urinary tract infection; either finding alone may not be 
sufficient for that diagnosis. White blood cells may be present in the 
urine from irritation caused by an inflammatory mass adjacent to the 
bladder or ureter; hematuria may be seen with nephrolithiasis. 


Other Laboratory Tests 


Other laboratory tests, such as measurement of serum electrolytes, 
amylase, lipase; liver function studies including gamma-glutamyl 
transpeptidase (GGT); and inflammatory markers (C-reactive protein 
or sedimentation rate), should be ordered on the basis of the differen- 
tial diagnosis after a thorough history and physical examination are 
completed. 


$ Imaging Evaluation 


Multitudes of imaging studies are available; none should be obtained 
until the patient has been examined. 


Plain Radiography 

Plain radiographs, especially kidney-ureter-bladder (KUB) films, with 
or without upright lateral views of the chest and abdomen, are rou- 
tinely obtained in most emergency departments as part of the evalua- 
tion of acute abdominal pain. The chest film helps assess the presence 
of a lower lobe pneumonia, which often causes severe abdominal pain, 
especially in small children. However, early in the disease, the physical 
examination may be more helpful. Often, if the KUB-abdominal radio- 
graphic study includes the lower lobes, the chest radiographic study 
can be deferred and performed only if the KUB demonstrates lung 
abnormalities. 

Only approximately 10% of abdominal radiographic studies are 
positive when they are obtained as part of the routine work-up for 
abdominal pain. Of those that are limited to patients with serious 
illness, 46% of the results are positive. Plain abdominal radiographs 
may be helpful to confirm the presence of intestinal obstruction, pneu- 
matosis intestinalis, renal or biliary tract calculi, calcified fecaliths, or 
intestinal perforation (pneumoperitoneum-free air). These studies 
detect bowel distention (air-fluid levels on upright views), calcification, 
free air, and large masses but are not helpful in detecting most other 
diseases. If free air or intestinal obstruction is suspected, the abdominal 
films must include a flat and upright or decubitus view of the abdomen 
to demonstrate the air-fluid interface. 

In acute appendicitis, a calcified appendicolith (appendiceal feca- 
lith) may be seen (Fig. 10.4). This finding automatically makes the 
diagnosis of appendiceal dysfunction and confirms the need for 
appendectomy. The absence of an appendicolith on KUB does not rule 
out appendicitis. More often, the noncalcified appendicolith may 
obstruct the appendix; ultrasonographic or computed tomographic 
(CT) imaging is necessary to visualize this lesion. If an inflammatory 


FIGURE 10.4 The patient described the gradual onset of anorexia, 
nausea, and vague periumbilical abdominal pain. Twenty-four hours 
later, the pain was much more severe in the right-lower quadrant, 
where localized peritoneal signs were apparent. The radiographic film 
of the abdomen reveals a huge calcified density in the right-lower 
quadrant; it proved to be an appendiceal fecalith at surgery. (From Reilly 
BM. Abdominal pain. In: Practical Strategies in Outpatient Medicine. 
2nd ed. Philadelphia, WB Saunders, 1991:16.) 
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mass lies near the iliopsoas muscle, mild lumbar scoliosis may be 
present as a result of spasm of the muscle. 

Radiographic studies are not always necessary. If the diagnosis is 
already obvious, specific therapy is indicated. In some situations, other 
types of imaging studies are more useful, and plain radiographs are 
not prerequisite. 


Ultrasonography 


Ultrasonographic examination is ideal for children. It is usually pain- 
less, readily available, emits no radiation, requires no intravenous con- 
trast material, and can be performed without sedation. Unfortunately, 
it is operator dependent and can be difficult to perform in the setting 
of extreme pain or lack of cooperation. Lower-abdominal gynecologic 
pain in females, especially in adolescent females, can be confused with 
appendicitis. Pelvic ultrasonography demonstrates pathologic pro- 
cesses of the ovaries and fallopian tubes, the size of the uterus, and the 
presence of free fluid in the pelvis. An enlarged, inflamed appendix can 
also be visualized (Fig. 10.5). Any female with abdominal pain in 
whom the diagnosis is not obvious should undergo an ultrasono- 
graphic examination. 

Gallstones, a dilated thick-walled gallbladder, or a dilated common 
bile duct can be visualized by ultrasonography; all 3 support the diag- 
nosis of biliary disease. Edema and enlargement of the pancreas are 
seen in acute pancreatitis. Ultrasonography also details the character 
of abdominal masses, differentiating cystic from solid masses, and can 
be helpful in demonstrating free fluid or abscesses. The anatomy of the 
urinary tract is well defined by ultrasonography; nephromegaly may 
be seen with pyelonephritis. The choice of ultrasonography versus CT 
is dependent on the expertise of the regional imaging center. Abdomi- 
nal ultrasonography is an excellent screening method for detecting 
intussusception and midgut volvulus. If an ileus or intestinal obstruc- 
tion is present, interpretation of the ultrasonographic examination 
becomes difficult because of the multiple air-filled loops of intestine. 


Contrast Studies 


In some situations, certain bowel lesions are best delineated with a 
contrast medium placed in the bowel, either in an upper gastro- 
intestinal series or by enema. If a colonic obstruction is suspected, such 
as in Hirschsprung disease, the appropriate contrast material is a 
barium enema. However, the sensitivity and specificity of contrast 
enema for detection of Hirschsprung disease is approximately 70% and 
83%, respectively. If the suspicion is high for the disease, the patient 
should be referred for further evaluation with either suction rectal 
biopsy or anorectal manometry. If the presence of gastrointestinal 
perforation is possible, regardless of the etiology, a water-soluble agent 
should be used instead of barium. 

Malrotation of the midgut with a volvulus in infants and older 
children is often seen on ultrasonography but can be diagnosed by an 
upper gastrointestinal study. In the infant who presents with an acute 
abdomen and bilious vomiting and in the older child who manifests 
chronic abdominal pain and intermittent vomiting, the oral barium 
contrast study is highly reliable to rule out causes of obstruction such 
as intestinal malrotation with midgut volvulus or other causes for 
anatomic obstruction (duodenal web, annular pancreas, superior mes- 
enteric artery syndrome). 

Intussusception is both diagnosed and treated by means of barium 
enema; however, initial diagnosis is possible with ultrasonography. The 
sudden onset of severe, diffuse pain, along with the suggestion of a soft, 
nontender mass in the right upper quadrant of the abdomen in a previ- 
ously well young child constitute the classical picture of intussuscep- 
tion. Evidence of blood in the stool is usually a late finding and should 
not be expected early in the disease process. The plain films may be 


FIGURE 10.5 A transverse scan of the pelvis shows free fluid pooling behind the bladder (A). The longitu- 
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dinal scan of the right lower quadrant (B) shows a shadowing appendicolith (curved arrow) in a thick-walled 
appendix, typical of appendicitis. Straight arrows outline the appendiceal tip, which looks ready to perforate. 
Free fluid in the pelvis always increases the suspicion of appendicitis. (From Teele R, Share J. Appendicitis 
and other causes of intraabdominal inflammation. In: U/trasonography of Infants and Children. Philadelphia: 


WB Saunders; 1991:349.) 


nonspecific, may show evidence of intestinal obstruction, or may show 
a mass in the right upper quadrant. A high index of suspicion is all 
that is needed to justify the barium enema study; some centers now 
use air rather than barium. Sedation with morphine is helpful for 
comforting the child and for performing a useful study. The weight of 
the barium column often completely reduces the intussusception, 
eliminating the need for surgical intervention. Brisk reflux of contrast 
into the terminal ileum signifies a complete reduction. This study 
should always be performed in consultation with a surgeon and with 
the child prepared to go to the operating room in case of failure of 
reduction or perforation of the colon. Successful hydrostatic reduction 
of the intussusception is accomplished in 50-75% of cases. Contrain- 
dications for reduction enemas include perforation and signs of peri- 
tonitis. It should be kept in mind that patients beyond the usual age 
range (3 months-6 years) for intussusception often have an anatomic 
lead point (polyp, Meckel diverticulum, lymphoma); successful hydro- 
static reduction may not be possible in these situations. In the presence 
of pneumoperitoneum, peritonitis, or unsuccessful hydrostatic reduc- 
tion, surgical intervention is indicated. Recurrences occur in 5% of 
patients treated with reduction enemas. 

A mass from appendicitis that is pressing against the cecum or 
thickening of the cecal wall may be seen on the barium enema study, 
but ultrasonography and CT scanning with oral contrast media are 
much more reliable. 


Computed Tomography 


While ultrasound is an important diagnostic tool in the evaluation of 
acute abdominal pain in children, abdominal CT scan may also be 
valuable. Clinicians are reluctant to perform a CT scan due to the risk 
of radiation, especially in young children who are particularly sensitive 
to the adverse effects of radiation exposure. CT is very useful in the 
initial evaluation of abdominal trauma and in the determination of 
the extent of abdominal masses. Intravenous and gastrointestinal con- 
trast must be used in CT of the abdomen to obtain the most informa- 
tion, especially if inflammatory bowel disease is suspected. CT is 
usually not helpful in the evaluation of chronic abdominal pain in 
children, and while it may be useful to evaluate a chronic, undefined 
inflammatory process, MRI has superior accuracy over CT with no 


radiation risk. Unfortunately, MRI is not always easily accessible on 
emergency basis and the examination can be time consuming. 


® Management 


The immediate concern in management is the differentiation of serious 
surgical and medical problems from the more common but less serious 
causes of acute abdominal pain. A guide to the treatment of the child 
with acute-onset abdominal pain is noted in Fig. 10.6. A mild, nonspe- 
cific illness may be treated on an outpatient basis, with follow-up by 
telephone or in the office. However, the child with abdominal pain who 
appears ill without a specific diagnosis may warrant evaluation by a 
pediatric surgeon. If the diagnosis is still not apparent, the child should 
be admitted for active observation, which includes no oral food or 
liquid, appropriate intravenous fluids, hourly vital signs, and frequent 
examinations. If the abdominal examination is difficult because of 
poor cooperation, or severe pain, analgesia is appropriate. In the case 
of appendicitis, morphine therapy does not reduce the diagnostic 
accuracy by an experienced clinician. Analgesics may permit an ade- 
quate abdominal examination but do not eliminate the tenderness 
caused by an inflammatory process. The examination should be 
repeated every 2-3 hours. About 10% of children admitted for observa- 
tion go on to show obvious signs of a process warranting surgery in 
the first few hours. In approximately 50% of the observed children, a 
specific nonsurgical diagnosis becomes apparent. 


SPECIFIC CAUSES OF ACUTE ABDOMINAL PAIN 
Appendicitis 


Appendicitis is an acute inflammation of the appendix that may be 
initiated by luminal obstruction by a fecalith, lymphoid hyperplasia 
(secondary to viral infections), inflammation, or, in rare cases, para- 
sites (pinworm, Ascaris species). Obstruction with ongoing distal 
secretion of mucus causes distention of the appendix, increased 
luminal pressure, and subsequent arterial obstruction and ischemia. 
Mucosal ulceration, fibropurulent serosal exudates, and bacterial infec- 
tion lead to gangrene from vascular obstruction with subsequent per- 
foration. On occasion, the greater omentum may seal over a ruptured 
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CHILD WITH ACUTE ABDOMINAL PAIN 


Nonspecific findings 

No tenderness 

No distention 

With or without fever 

With or without vomiting/diarrhea 


Treat appropriately 


for the specific 
disease 


Probable 
viral illness 


Not dehydrated, 
retaining oral 
fluids well 


Dehydrated 
Cannot retain 
oral fluids 


IV hydration 12-24 hr 
Bowel rest 


Home when better 


Home 


Clear liquids 
Return p.r.n. 


Non-abdominal disease 
(see Table 10-6) 


“Acute Abdomen” 
Point tenderness 
Diarrhea with distention 


Uncertain 

Child ill, but 
findings do not 
fit specific 
diagnosis 


Bilious vomiting 
Peritoneal signs 
Bloody stools 
Palpable mass 


Immediate surgical 
consultation 
Surgeon to treat 
appropriately 


Resolves in arcane Not better in 
24 hr 24 hr 
Reconsult Further 
surgeon evaluation 


Surgical 
consultation 


Admit and 
observe 


NPO, IV fluid 
Frequent exams 


FIGURE 10.6 Algorithm for evaluating acute abdominal pain. IV, intravenous; NPO, nil per os (no oral intake); 


p.r.n., aS needed. 


appendix, producing a right lower quadrant mass and periappendiceal 
abscess. 

Appendicitis may be simple (focal inflammation, no serosal 
exudate), suppurative (obstructed, inflamed, edematous, increased 
local peritoneal fluid with omental and mesenteric containment, or 
walled off), gangrenous (similar to suppurative, plus gray-green or 
red-black areas of gangrene, with or without microperforations, and 
purulent peritoneal fluid), ruptured (gross perforation, usually on 
antimesenteric side; peritonitis present), or abscessed (development of 
pus from rupture into right ileal fossa, lateral to cecum or retrocecal, 
subcecal, or pelvic). The bacteriologic components of appendicitis 
include normal intestinal flora, such as enterococci, Escherichia coll, 
Pseudomonas species, Klebsiella species, and anaerobic bacteria, such as 
Clostridium and Bacteroides species. 

Appendicitis affects approximately 60,000 children each year in the 
United States; it primarily affects adolescents and young adults but may 
develop at any age, even in neonates. The disease is particularly severe 
in very young children, often because of a delay in diagnosis with 
subsequent perforation. Appendicitis in young children is difficult to 
diagnose because of atypical manifestations and the clinician’s inability 
to obtain an accurate history. The thinness of the appendix and the 
paucity of the omentum in younger children may result in rapid, 
unimpeded spread of intraabdominal infection after rupture. 


Diagnosis 

An accurate and early diagnosis is critical for avoiding perforation and 
peritonitis and for excluding other causes of abdominal pain. Appen- 
dicitis usually manifests initially with a gradual onset of periumbilical 
(occasionally epigastric) pain, which may begin as a dull ache but 
becomes constant (or, less often, colicky) and of mild to moderate 
intensity. This is then followed by anorexia, nausea, and sometimes 
emesis. Emesis preceding the pain is more typical of gastroenteritis. 
On occasion, an inflamed appendix irritates the colon, producing 


diarrhea. Furthermore, the appendix may irritate the bladder, causing 
urinary frequency and dysuria. Pain may transiently stop, but as local 
peritonitis develops, the pain will continue but shift to the right lower 
quadrant. The shifting of pain from the periumbilical area to the right 
lower quadrant area may take 12-36 hours but usually occurs in 2-8 
hours and may not yet be evident in an acute onset of less than 4-6 
hours. McBurney point corresponds to the location of the base of the 
appendix and is found by placing the little finger of one hand in 
the umbilicus and the thumb on the anterior superior ileal spine. The 
index finger, if extended perpendicularly to the abdominal wall, identi- 
fies McBurney point. Unfortunately, the appendix is not always in its 
classic position; thus, appendicitis may produce pain in the pelvis, in 
the retrocecal area (back or flank pain, psoas muscle spasm with limp), 
or elsewhere (Fig. 10.7). With these locations, the psoas or obturator 
sign may be positive (see Fig. 10.3). 

Patients with unperforated appendicitis may present with a low- 
grade fever (<38.5°C) and display very characteristic behaviors. They 
can be anxious while watching where examiners place his/her hands, 
be motionless, walk slowly, get on the examining table with difficulty, 
or exhibit a nondistended but tender abdomen with voluntary guard- 
ing, reduced bowel sounds, and point tenderness in any area overlying 
the appendix. Rectal examination may reveal right-sided or diffuse 
tenderness and a mass. 

Perforation or extensive gangrene should be suspected in the pres- 
ence of progression for more than 36-48 hours; high fever; diffuse 
abdominal pain and tenderness; a rigid, board-like abdomen; leukocy- 
tosis; a right lower quadrant mass; and other signs of generalized 
peritonitis (see Table 10.9). 


Laboratory and Radiographic Testing 

Ultrasonography has been of benefit in the diagnosis of appendicitis 
and in excluding other important disease processes (Table 10.10). 
Helpful ultrasonographic features suggestive of appendicitis include a 
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FIGURE 10.7 The appendix. A, The appendix may be located anteriorly, medially, or retrocecally or in the 
pelvis. B, The location of the appendix depends on the location of the cecum. Because the bowel may be 
quite mobile in some patients, the appendix may be located in many different sites in the abdomen. In this 
figure, the appendix is in the right upper quadrant. (From Reilly BM. Abdominal pain. In: Practical Strategies 
in Outpatient Medicine. 2nd ed. Philadelphia: WB Saunders; 1991:728.) 


TABLE 10.10 Final Diagnoses in Cases of 
Clinically Suspected Appendicitis 


Appendicitis 
Gastroenteritis 


Perforated peptic ulcer 
Urinary tract infection 
Meckel diverticulitis 
Pancreatitis 

Primary peritonitis 
Cholecystitis 


Pelvic inflammatory disease 
Ovarian cyst: torsion 
Ectopic pregnancy 
Mesenteric adenitis 


noncompressible appendix, an inability to visualize the appendix when 
ruptured, the presence of periappendiceal fluid, or the presence of an 
appendicolith (Figs. 10.8 and 10.9). Ultrasonography helps define 
other disease processes, such as mesenteric adenitis (Fig. 10.10) and 
gynecologic processes. These conditions must be considered in all 
female patients. Ectopic pregnancy is a particularly serious condition 
that must not be missed (Fig. 10.11). Gastroenteritis is one of the more 
common conditions to be considered in the differential diagnosis 
(Table 10.11). 


Treatment 


Appendicitis is treated by surgical appendectomy and ligation of the 
stump by open or laparoscopic methods. If an abscess is present in 
the right lower quadrant and the patient demonstrates few signs of 
toxicity, elective nonurgent appendectomy may be delayed to permit 
preoperative rehydration and broad-spectrum antibiotic therapy. If 
the appendix is not perforated, some centers treat with only broad- 
spectrum antibiotics. In operative appendicitis, parenteral antibiotics 
are given before surgery and are continued postoperatively only in the 
presence of frank contamination, such as gangrenous or perforated 
appendicitis. The duration of antibiotic therapy is determined by the 
presence of infectious complications. If the appendix appears normal, 
other intraabdominal sources of pain should be sought during the 
surgery. 


Complications of appendicitis are uncommon but include sepsis, 
intraabdominal abscess formation, wound infections, hepatic ab- 
scesses, ileus, and peritoneal adhesion formation. There is subsequent 
risk for intestinal obstruction and tubal infertility in females. 


Pancreatitis 


Pancreatitis is an acute inflammatory condition of the pancreas and is 
often a result of obstruction of the pancreatic duct. Release and activa- 
tion of pancreatic digestive enzymes subsequently result in extensive 
destruction (autodigestion) and necrosis of pancreatic and, if severe, 
adjacent tissue. Proteolysis, fat necrosis, and hemorrhage are noted in 
severe or fatal cases of pancreatitis, which is often complicated by 
multiorgan dysfunction syndrome (e.g., hypotension, acute respiratory 
distress syndrome, acute kidney injury, cardiogenic shock). Pancreatitis 
is less common in children than in adults, in whom the cause is often 
alcohol ingestion or gallstones. The etiologic factors in childhood 
encompass a broad differential diagnosis and often include passage of 
biliary stones, drugs (valproate), multisystem diseases (hemolytic 
uremic syndrome, cystic fibrosis), trauma (including child abuse), 
biliary or pancreatic anatomic anomalies, infections, and metabolic 
conditions (hypercalcemia, hypertriglyceridemia) (Table 10.12). 


Manifestations 


Manifestations of acute pancreatitis include intense epigastric abdomi- 
nal pain that may be described as steady, boring, constant, achelike, 
knifelike, and exacerbated by recumbency, that radiates to the back, 
upper abdominal quadrants, or the scapula. Emesis is common, often 
protracted, and occasionally bilious. Fever is usually low to moderate 
grade; high fever (>39°C) suggests the presence of a primary infectious 
process with or without secondary pancreatitis or bacterial superinfec- 
tion and pancreatic abscess formation. The patient often assumes a 
hunched-over or knee-chest lateral fetal posture and may manifest 
epigastric tenderness; bowel sounds may be reduced or absent. Signs 
of peritonitis suggest more extensive necrosis, as do signs of spreading 
hemorrhage, such as blue-green discoloration of the flanks (Grey 
Turner sign) or of the periumbilical region (Cullen sign). Intravascular 
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FIGURE 10.8 An ultrasound scan of the right lower quadrant in a 
6-year-old girl, demonstrating a thick-walled cecum (arrows) outlined by 
echogenic fluid. No appendix was found in spite of careful ultrasono- 
graphic searching. During surgery, the patient was found to have a 
perforated appendix and early periappendiceal abscess. TI, terminal 
ileum. (From Teele R, Share J. Appendicitis and other causes of 
intraabdominal inflammation. In: Ultrasonography of Infants and Chil- 
dren. Philadelphia: WB Saunders; 1991.) 


fluid depletion, cardiogenic shock, hemorrhagic shock, hypocalcemic 
tetany, or systemic inflammatory response syndrome with multiorgan 
system failure may ensue. Pain may last for 3-10 days. 

The diagnosis is confirmed by an elevated serum amylase and/or 
lipase level (lipase levels may be elevated initially with normal amylase 
values). The differential diagnosis of hyperamylasemia is seen in Table 
10.13. Ultrasonography and CT scan are helpful in identifying the 
acutely inflamed pancreas (Fig. 10.12), the degree of necrosis, and the 
later development of a pancreatic pseudocyst (Fig. 10.13). 

Adverse prognostic factors in severe acute pancreatitis include the 
presence of leukocytosis (white blood count >16,000/mm’), hypergly- 
cemia (glucose level >200 mg/dL), a high lactic dehydrogenase level 
(>350 U/L), and a high aspartate aminotransferase level (>250 U/L) 
on admission and a decrease in hematocrit value (>10%), an increase 
in blood urea nitrogen level (>5 mg/dL), a low calcium level (<8 mg/ 
dL), hypoxia (Pao, <60 mm Hg), acidosis (base deficit >4 mmol/L), or 
severe dehydration by 48 hours of hospitalization. The degree of pan- 
creatic necrosis may be determined from the failure of CT scans to 
depict intravenous contrast parenchymal enhancement; severe pancre- 
atitis is associated with more than 50% necrosis of the gland. 


Complications of pancreatitis include local tissue necrosis with or 
without superinfection (pancreatic abscess), fistulization (to colon), 
left-sided pleural effusion, gastrointestinal hemorrhage (ulceration, 
vascular rupture, splenic rupture), shock, coagulopathy, acute kidney 
injury, myocardial depression, acute respiratory distress syndrome, 
hyperglycemia, hypocalcemia, subcutaneous nodules (fat necrosis), 
hypoalbuminemia, mental changes, and retinopathy. 


Management 
The management of acute pancreatitis consists of supportive care, 


such as nasogastric tube decompression for patients with an ileus or 
severe emesis, administration of intravenous fluids, administration of 


FIGURE 10.9 An 11-year-old girl presented with fever, diarrhea, and vomiting. Ten days before admission 
to the hospital, she was seen by a physician because of abdominal pain. She had been partially treated with 
antibiotics for a presumed “strep throat” in the interim. When she presented to the hospital, she again had 
pain in the right lower quadrant, especially when the ultrasound transducer was pressed over the area. 
A, The right-lower quadrant abscess (arrows) was quickly identified. The appendix could not be visualized. 
B, In scans along the psoas, multiple lymph nodes (arrows) were apparent. The child’s appendix had ruptured 
1 week before admission, but her symptoms had been masked by the antibiotics that she had been given. 
(From Teele R, Share J. Appendicitis and other causes of intraabdominal inflammation. In: Ultrasonography 
of Infants and Children. Philadelphia: WB Saunders; 1991:348.) 


narcotics for pain, and therapy for accompanying complications (e.g., 
shock, adult respiratory distress syndrome, and acute kidney injury). 
Endoscopic sphincterotomy by endoscopic retrograde cholangiopan- 
creatography (ERCP) is of benefit if gallstones are present, although 
ERCP has risks that include the induction of pancreatitis. 

Enteral alimentation should be initiated as soon as possible, even 
with a partial ileus, as early feeds are not associated with increased pain, 


FIGURE 10.10 This longitudinal scan of the right lower quadrant 
shows lymph nodes arranged in a line along the psoas muscle (P). 
These are nodes enlarged from mesenteric adenitis. The patient did not 
have appendicitis. (From Teele R, Share J. Appendicitis and other 
causes of intraabdominal inflammation. In: Ultrasonography of Infants 
and Children. Philadelphia: WB Saunders; 1991.) 
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longer hospital course, or elevation in serum lipase. Alimentation may 
be by oral, nasogastric, or nasojejunal routes. 

Additional therapies include prophylactic antibiotics in acute nec- 
rotizing pancreatitis. Infected necrotic tissue must be removed surgi- 
cally; large persistent pseudocysts are managed by CT-guided drainage 
or surgical drainage. 


Cholelithiasis 


Gallstones are uncommon in children, but they complicate chronic 
diseases, such as hemolytic anemia (sickle cell anemia, spherocytosis), 
cholestatic jaundice in which total parenteral nutrition is given, and 
other cholestatic diseases. Gallstones may result from prematurity or 
drug intake (furosemide, ceftriaxone), or they may be idiopathic. Biliary 
obstruction (stone in cystic or common bile duct) often results in jaun- 
dice; sudden onset of severe, sharp right upper quadrant pain; localized 
deep tenderness in the right upper quadrant (superficial tenderness 
suggests an associated cholecystitis); and emesis. The pain is episodic 
and colicky, but often constant, superimposed with waves of more 
intense pain, and may radiate to the angle of the ipsilateral scapula, 
back, or other areas of the abdomen or chest. Patients frequently move 
about to find a comfortable position. There may be associated diapho- 
resis, pallor, tachycardia, weakness, nausea, and lightheadedness. A 
round or pear-shaped, tender mass may be palpated in the right upper 
quadrant of the abdomen if the gallbladder is distended. The pain may 
be diurnal, with increased intensity at night. Many patients with single 
or multiple gallstones without obstruction are asymptomatic. 

Acute cholecystitis is caused by inflammation of the gallbladder 
wall as a result of duct obstruction (i.e., calculus) or nonobstructing 
(i.e., acalculous) conditions and is manifested by fever, mild jaundice, 
severe abdominal pain, emesis, nausea, and leukocytosis. Pain may 
be similar to that in cholelithiasis and radiates to the right scapula, 


Entire abdomen 
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Opposite quadrant 
isd i (487 Patients) 


from ectopic 
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Vagina 
(6 Patients) 


Same quadrant 
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(Patients) (Patients) 
48 


150 


Total 
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FIGURE 10.11 Ectopic pregnancy. A, Anatomic location of pain in 654 patients with ectopic pregnancy. B, 
Duration of abdominal pain before the diagnosis of ectopic pregnancy was confirmed among 654 patients. 
(Modified from Breen JL. A 21-year survey of 654 ectopic pregnancies. Am J Obstet Gynecol. 
1970;106:1004-1019.) 
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TABLE 10.11 


Gastroenteritis 
Pain Diffuse, cramps, intermittent 


Vomiting With or before pain 


Diarrhea Frequent, large volume 
Fever Variable 
Course Intermittently improves 


Variable: headache, malaise, myalgia, 
arthralgia, sore throat 


Systemic symptoms 


General: fussy, restless, frequent motion 
Abdomen: soft, mild, diffuse tenderness, 
hyperactive bowel sounds 


Physical examination 


Laboratory values WBC count: variable, may be quite high 
Urine: nonspecific 


Imaging studies Abdominal films: nonspecific ileus 


Ultrasonography: not indicated 


RBC, red blood cell; RLO, right lower quadrant; WBC, white blood cell. 


shoulder, or chest. The Murphy sign is demonstrated by palpating 
an acutely inflamed gallbladder, which causes the patient to halt res- 
piration and feel the pain. Fever of greater than 39.5°C suggests 
perforation or gallbladder gangrene, whereas a high direct bilirubin 
level (>4 mg/dL) suggests a common duct stone. Pain may last for 
5-10 days. Passage of stones or microlithiasis (sludge) may also 
produce acute pancreatitis. Intolerance to fatty foods is, unfortunately, 
a nonspecific observation. 


Diagnosis 
The diagnosis is confirmed by ultrasonography that demonstrates acal- 


culous or calculus-induced cholecystitis or acute duct obstruction by 
a stone (Fig. 10.14). 


Treatment 


Some treatment of obstructing stones may include endoscopic, open, 
or laparoscopic cholecystectomy. Some patients may go directly to 
surgery. However, medical management may include ursodeoxycholic 
acid for stone dissolution. Meperidine is used for pain relief, and broad- 
spectrum antibiotics are indicated for cholecystitis or cholangitis. 


Peptic Ulcer Disease 


Peptic ulceration is becoming recognized in children with increasing 
frequency. Risk factors for peptic ulcer disease include gastritis, a posi- 
tive family history of ulcer disease, presence of Helicobacter pylori, 
treatment with nonsteroidal antiinflammatory agents and corticoste- 
roids, cigarette smoking, and severe injury (burns, head injury, shock). 
Manifestations include pain, gastrointestinal bleeding (melena, 
hematemesis, anemia), emesis, and, in rare cases, perforation. Noctur- 
nal pain, pain relieved by food, and a family history of peptic ulcer 
disease are often present in older affected children. The pain is often 
chronic, recurrent, and located in the epigastrium; tenderness may be 
localized to the epigastric region, but this is an inconsistent finding. 
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Comparison of Gastroenteritis and Appendicitis 


Appendicitis 

Periumbilical shifting to RLQ; constant 

Exacerbated by movement, coughing 

Follows pain 

Can occur; small volume (from irritation of bowel); may be watery, too 
Low grade, goes up with gangrene or perforation 

Worsens with time 

Rare 


Quiet, discomfort with movement 
Abdomen: RLO tenderness, guarding peritoneal signs, with/without 
rectal tenderness/mass, absent bowel sounds 


WBC count: mild elevation, early left shift; becomes high only with 
gangrene or perforation 

Urine: may have WBCs and/or RBCs if bladder irritated, ketosis if 
vomiting is prolonged 


Abdominal films: often nonspecific, with/without fecalith, with/ 
without loss of psoas definition, with/without scoliosis caused by 
inflammation in RLO 

Ultrasonography: enlarged appendix, peritoneal fluid, RLO abscess, 
absent appendix, fecalith 


Acute perforation is uncommon in children but is characterized by 
sudden worsening of pain or a new abrupt onset of excruciating epi- 
gastric pain. There is associated pallor, faintness, weakness, syncope, 
diaphoresis, and a rigid abdomen. Corticosteroids may mask some of 
the signs of perforation. 


CHRONIC ABDOMINAL PAIN 


Recurrent abdominal pain (RAP) in children remains one of the most 
challenging common conditions treated by pediatricians. Intermittent 
severe, episodic pain can be frightening to both families and care 
providers because it may be an indication of serious disease. It has 
been reported to occur in 10-15% of children between the ages of 4 
and 16 years. In only a small minority of patients with RAP, the symp- 
toms can be explained by discernable organic disease. However, the 
term RAP is a descriptive term and should not be used as a diagnosis. 
RAP may be caused by several different conditions that include, but 
are not limited to, celiac disease, inflammatory bowel disease, peptic 
ulcer, biliary tract disease, pancreatitis, or functional pain. Pain path- 
ways can initially be influenced by the presence of pathology such as 
inflammation or tissue damage that often persists despite the absence 
of identifiable pathology. 

The term functional abdominal pain refers to pain that has no 
anatomic, histologic, or “organic” etiology. This type of pain is the 
hallmark of functional gastrointestinal disorders (FGIDs) that include 
irritable bowel syndrome (IBS), functional dyspepsia (FD), functional 
abdominal pain (FAP), and abdominal migraine (AM). A common 
feature among patients with functional gastrointestinal disorders is the 
heightened sensitivity to experimental pain, also known as visceral 
hyperalgesia. A unifying theory of all functional gastrointestinal disor- 
ders is the alteration of the brain-gut axis that can present with clusters 
of symptoms related to abnormal signals arising from the gastro- 
intestinal tract or abnormal processing of signals in the central nervous 
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TABLE 10.12 Causes of Acute Pancreatitis in Children 


Drugs and Toxins 
Alcohol 


Acetaminophen 
Azathioprine 
L-Asparaginase 
Cimetidine 
Corticosteroids 
Didanosine 
Estrogens 
Furosemide 

Gila monster bite 
6-Mercaptopurine 
Methyldopa 
Organophosphates 
Pentamidine 
scorpion bites 
Spider bites 
Sulfonamides 
Tetracycline 
Thiazides 
Valproic acid 


Hereditary Pancreatitis 
SPINK1 


CFTR 


Cationic trypsinogen 


Infections 
Coxsackie B virus 


Epstein-Barr virus 
Hepatitis A, B 
HIV 

Influenza A 
Leptospirosis 
Measles 

Mumps 
Mycoplasma 
Rubella 

Reye syndrome 


Obstructive 
Ascariasis 

Biliary sludge 

Biliary tract malformation 
Cholelithiasis 

Crohn disease 
Duplication cyst 
Pancreatic pseudocyst 
Pancreas divisum 
Postoperative 

Sphincter of Oddi dysfunction 
Tumor 


Systemic Disease 

o4 -Antitrypsin deficiency 
Cystic fibrosis 

Diabetes mellitus 
Henoch-Schönlein purpura 
Hemochromatosis 

Hemolytic uremic syndrome 
Hyperlipidemia types I, IV, and V 
Hyperparathyroidism 
Hypothermia 

Kawasaki syndrome 

Systemic lupus erythematosus 
Malnutrition 

Organic acidemias 
Periarteritis nodosa 

Peptic ulcer 

Postpancreatic transplantation 
Refeeding after malnutrition 
Reye syndrome 

Uremia 


Traumatic 
Blunt injury 
Child abuse 
Post-ERCP 
Surgical trauma 
Total body cast 


CFTR, cystic fibrosis transmembrane conductance receptor; ERCP, endoscopic retrograde cholangiopancreatography; HIV, human 


immunodeficiency virus; SPINK1, serine protease inhibitor Kazal type 1. 


Modified from Behrman RE, ed. Nelson Textbook of Pediatrics. 14th ed. Philadelphia: WB Saunders; 1992:999. 


system. Without proper explanation of the term functional, most fami- 
lies would not understand the condition since the term is very vague 
and nondescriptive. Symptoms are physiologic and modifiable by 
sociocultural and psychologic influences. Functional pain can be trig- 
gered or influenced by gastrointestinal infections, food, allergies, as 
well as stress or physical and sexual abuse. These experiences may have 
a long-lasting impact on a child and make him or her more susceptible 
to the development of FGIDs by affecting motility, altered intestinal 


permeability, or visceral hyperalgesia, which conversely impact the 
development of altered or maladaptive coping skills later in life. The 
functional nature of this pain does not mean that the pain is imaginary 
or that it may not interfere with the child’s daily activities. Patients with 
functional abdominal pain experience real pain and should not be 
considered to be faking it or not experiencing it at all. Psychosocial 
factors, along with altered gut physiology, ultimately play an important 
role in the development of several pain-associated FGIDs, including 


TABLE 10.13 Differential Diagnosis 
of Hyperamylasemia 

Pancreatic Pathology 

Acute or chronic pancreatitis 

Complications of pancreatitis (pseudocyst, ascites, abscess) 
Factitious pancreatitis 

Complication of ERCP 


Salivary Gland Pathology 
Parotitis (mumps, Staphylococcus aureus, CMV, HIV, EBV) 


Sialadenitis (calculus, radiation) 
Eating disorders (anorexia nervosa, bulimia) 


Intraabdominal Pathology 
Biliary tract disease (cholelithiasis) 


Peptic ulcer perforation 
Peritonitis 

Intestinal obstruction 
Appendicitis 


Systemic Diseases 
Metabolic acidosis (diabetes mellitus, shock) 


Renal insufficiency, transplantation 
Burns 

Anorexia-bulimia 

Pregnancy 

Drugs (morphine) 

Head injury 


Cardiopulmonary bypass 


CMV, cytomegalovirus; EBV, Epstein-Barr virus; ERCP, endoscopic 
retrograde cholangiopancreatography; HIV, human immunodeficiency 
virus. 

Modified from Kliegman RM, Stanton BF, St. Geme JW, Schor NF, 
eds. Nelson Textbook of Pedlatrics. 20th ed. Philadelphia: Elsevier; 
2016: Table 351-2, p. 1915. 


functional abdominal pain, irritable bowel syndrome, functional dys- 
pepsia,and abdominal migraine. The diagnostic Rome criteria for each 
of these disorders permit clinicians to make a clinical diagnosis with 
limited diagnostic testing. Applying the criteria in the clinical setting 
allows the care provider to validate the reality of the symptoms and 
develop an appropriate physician-patient relationship aimed at 
improving symptoms and functioning. All too often, the clinician 
repeatedly performs unnecessary diagnostic tests to rule out pathology. 
This often leads to dismissal of the patient’s concerns or prevents an 
effective collaboration in the patient’s care that promotes a vicious 
cycle of symptom anxiety and health-seeking behavior. Applying the 
Rome criteria along with a proper history and physical examination 
that includes “red flags” is most of the time sufficient to make a clinical 
diagnosis of a FGID and to initiate proper treatment. 


MAKING A DIAGNOSIS OF FUNCTIONAL 
ABDOMINAL PAIN 


The history should be detailed and, in most instances, obtained sepa- 
rately from the parents and the child. A private conversation with each 
often provides better insight into all factors affecting the child. In addi- 
tion to covering the historical information already detailed, the 
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FIGURE 10.12 Acute pancreatitis. Computed tomographic (CT) scan 
through the body of the pancreas demonstrates a halo of decreased 
attenuation around the pancreas that represents a peripancreatic zone 
of edema and fluid (curved arrows). Note the pancreatic ascites, most 
obvious lateral to the liver (small arrows). If intravenous contrast were 
administered before the CT scan, the inflamed pancreas would appear 
more dense (whiter). A, aorta; IVC, inferior vena cava; K, kidney; L, liver; 
PV, portal vein; S, spleen; ST, stomach. (From Freeny P, Lawson T. In: 
Putman CE, Ravin CE, eds. Textbook of Diagnostic Imaging. Philadel- 
phia: WB Saunders; 1988.) 


FIGURE 10.13 Pseudocyst. Follow-up computed tomographic scan 
(same patient as in Fig. 10.12) 5 months after the episode of acute 
pancreatitis demonstrates a large pseudocyst (PC). This large pseudo- 
cyst will probably not resolve spontaneously and may need drainage. 
(From Freeny P, Lawson T. In: Putman CE, Ravin CE, eds. Textbook of 
Diagnostic Imaging. Philadelphia: WB Saunders; 1988.) 


clinician should pay attention to factors in the child’s environment, 
family, school, and social interactions that may be sources of undue 
stress. Care providers often have difficulty making a positive diagnosis 
of a functional gastrointestinal disorder, particularly since there are no 
biologic markers. The diagnostic evaluation of a child with abdominal 
pain begins with a history to distinguish chronic from acute pain and 
addressing red flags. The revised Rome III criteria for childhood func- 
tional abdominal pain are met if the duration of pain exceeds 2 months 
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(episodic or continuous). Children with pain-associated FGIDs may 
be subclassified into one of four clinical diagnostic categories that 
include (1) functional dyspepsia (abdominal pain associated with 
symptoms centered in the upper abdomen), (2) irritable bowel syn- 
drome (abdominal pain associated with altered bowel pattern), (3) 
functional abdominal pain (isolated paroxysmal abdominal pain), or 
(4) abdominal migraine (paroxysmal intense pain that can be associ- 
ated with either pallor, headache, photophobia, nausea, or vomiting). 
The diagnosis of abdominal migraine is sometimes easier to make 
since symptoms are episodic and occur abruptly after periods of 
normal well-being. It is not uncommon to get a history of the child 
waking up in the middle of the night with pain and vomiting and then 
having complete resolution of symptoms after 1-2 days. The frequent 
occurrence or change in location of pain or alternating bowel habits 
in the same patient, however, is not uncommon. Clinicians do not 
always feel comfortable simply relying on Rome criteria or are unaware 
that they exist. Functional pain should be considered when abdominal 
pain persists a month beyond the usual course of an acute illness (i.e., 
gastroenteritis). Children often present with intermittent, periumbili- 
cal pain that usually waxes and wanes and can often experience other 
comorbid symptoms, including headaches, joint pain, dizziness, pallor, 
and diaphoresis. Nausea occurs in as many as 50% of children with 
pain-associated FGIDs and is a major factor contributing to significant 
disability. 


Severity and Location of Pain 


Functional pain can vary in intensity ranging from mild intermittent 
pain to severe intense pain that disrupts a child’s life, family, and school 
attendance. Excluding organic causes of chronic abdominal pain 
remains a challenge for pediatricians, particularly given the heteroge- 
neity of FGID symptoms. Although the location of pain does not 
always help differentiate between functional and organic causes, peri- 
umbilical pain has been shown to be most likely associated with func- 
tional pain. Substernal pain should raise the suspicion for an esophageal 
cause, such as erosive esophagitis from gastroesophageal reflux. 
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FIGURE 10.14 Transverse scan with linear array transducer shows pericholic edema in a teenaged boy, 
who presented with severe pain in the right upper quadrant from acute cholecystitis (A). A longitudinal scan 
of the right upper quadrant (B) shows a stone (arrow) that was thought to be impacted in the neck of the 
gallbladder because it did not change at all with position. The patient had severe pain with palpation over 
the gallbladder. (From Teele R, Share J. The liver. In: Ultrasonography of Infants and Children. Philadelphia: 
WB Saunders; 1991.) 


Chronic abdominal pain in the presence of dysphagia or history of 
food impaction should prompt a referral to the specialist to rule out 
eosinophilic esophagitis. Epigastric pain can be caused from pathol- 
ogy in the esophagus, stomach, duodenum, and pancreas or from 
functional dyspepsia. Pain originating from hepatobiliary structures, 
including the gallbladder, liver, and head of the pancreas usually is 
primarily in the right upper quadrant. Certain conditions must be 
considered in patients who present with chronic pain in the right lower 
quadrant and these include chronic appendicitis, abdominal wall pain, 
or Crohn disease. Identifying certain characteristics or “red flags” that 
can assist the clinician in detecting organic disease in patients with 
chronic abdominal pain would be important, since it could limit 
unnecessary diagnostic testing in those with FGID and potentially 
prevent a delay in the diagnosis a specific organic disease. 


$ Approach to Treatment 


Although clinically challenging, with the correct approach, managing 
the child with functional pain can be very rewarding for both the 
patient and physician. The first goal is to identify physical and psycho- 
logic stress factors that may have an important role in onset, severity, 
exacerbations, or maintenance of pain. Equally important is to reverse 
environmental factors that serve as reinforcers of the pain behavior. 
Parents and the school must work together to support the child. 
Regular school attendance is extremely important and should be 
encouraged even in the presence of pain. It is oftentimes helpful for 
the care provider to communicate directly to school officials to explain 
the nature of the problem. At home, less attention should be directed 
toward the symptoms. In the clinic, defining the problem and estab- 
lishing an effective physician-patient relationship is an important part 
of therapy. Attention should focus on improvement of daily symptoms 
and quality of life, as well as the child’s return to normal activities. 
Once the evaluation, including the history, physical examination, and 
appropriate screening laboratory tests, has been completed, and find- 
ings are normal, a search for nonorganic sources of pain should not 
be continued. Instead, the appropriate treatment should be initiated. 


The child with functional pain may improve once the child and the 
family understand the nature of the pain and a proper explanation is 
given by the provider. Knowing that there is no serious organic disease 
and that the sensations are not imaginary is usually welcome informa- 
tion to the family. However, the conversation about functional abdom- 
inal pain should be brought up during the first visit and should not be 
discussed only after doing extensive testing. The family should under- 
stand that testing is only to confirm the absence of other disorders and 
confirm the possibility of functional pain. 

There is a spectrum of functional pain in terms of severity. Some 
patients have minimal severity and frequency of pain while others have 
daily, unremitting pain that results in school absences, functional dis- 
ability, and diminished quality of life. The total number of days missed 
from school is a good indicator of disability and should always be asked 
during the visit. For those with mild symptoms not interfering with 
daily activities, simple treatment strategies such as stool softeners for 
constipation often provide sufficient relief, such that the child can 
resume a more normal life. Similarly, dietary manipulation with lactose 
or fructose avoidance is often an important first step in the child with 
mild, chronic abdominal pain. Carbohydrate malabsorption or intol- 
erance from lactose, sorbitol, or high-fructose corn syrup (fruit juices 
and sodas) may produce pain that responds to dietary elimination of 
the offending sugar. These simple strategies should not be tried on the 
child with significant disability and school absences, mainly because 
they are unlikely to work and time would be lost in trying to get the 
child back to functioning. The clinician should refrain from talking to 
patients and family using negative comments such as “you will have to 
learn to live with this pain.” This leads to considerable gloom and 
hopelessness and will make the condition much more difficult to treat. 
Sometimes, despite diligent evaluation by the most skilled and patient 
clinician, symptoms can persist. There are no U.S. Food and Drug 
Administration—approved drugs for the treatment of chronic abdomi- 
nal pain in children and little evidence of efficacy for most commonly 
used medications. It is important to consider that the clinician must 
spend time educating the family regarding the suspected mechanisms 
and how and why pharmacotherapy may or may not work. In the more 
severe, disabled patients, patient education should be considered part 
of a therapeutic program that includes physical reconditioning, exer- 
cise, sleep restoration and in many cases, thought reprocessing. Psy- 
chologic therapies such as cognitive behavioral therapy, hypnosis, 
relaxation, meditation, or biofeedback have been shown to be as effec- 
tive, and sometimes better than pharmacologic therapy. Families 
should always be educated on the potential modification, of the “pain 
behavior” and potential benefits of lifestyle modifications. 

A therapeutic trial with medications should be discussed with the 
family and should have a well-defined duration and goals. Also, the 
dose should be adequate to achieve the desired effect. If history and 
physical examination suggest dyspepsia or epigastric pain without red 
flags, a trial of acid suppression is very appropriate as an initial step. 
Similarly, if the history and physical examination suggest constipation 
as the cause for pain, then the proper therapy with osmotic laxatives 
or cathartics should be initiated. Pharmacologic therapy, including 
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anticonvulsant or antidepressant agents, has not consistently proven to 
be effective in children with functional abdominal pain. Such therapy 
has sometimes been effective in young adults but is not recommended 
for younger children under 8 years of age. Amitriptyline has been used 
in small doses and anecdotally has been successful in alleviating func- 
tional abdominal pain. It is widely used for chronic pain conditions 
including migraine headaches, fibromyalgia, neuropathic pain and is 
considered to be effective at much lower doses than those used for 
depression. 

Cyproheptadine is an antagonist of serotonin, histamine H,, and 
muscarinic receptors. It has been used to treat allergic rhinitis, migraine 
headaches, and anecdotally as an appetite stimulant in children. Anti- 
spasmodics such as hyoscyamine or dicyclomine can produce signifi- 
cant anticholinergic side effects including dry mouth, dizziness, and 
blurred vision. Most antispasmodics should be used as adjuvant 
therapy for the treatment of chronic abdominal pain and only for 
episodic pain and not as daily treatment. 

Small intestinal bacterial overgrowth may be a cause of chronic 
abdominal pain. Rifaximin has low systemic absorbance and localized 
effect on intestinal flora and is approved for diarrhea-predominant 
IBS in adults. In adolescents with functional pain, bloating, and/or 
diarrhea, empirical treatment with this antibiotic may be considered. 
Although short-term treatment appears to be well tolerated in adults, 
multiple treatments with rifaximin may be needed, which increases the 
concern for antimicrobial resistance. 

The dearth of successful treatment options for chronic abdominal 

pain often results in patients opting for alternative methods. There 
appears to be a growing desire among patients and families for a more 
“natural” approach to therapy. It has been suggested that approxi- 
mately 35% of adult patients with functional bowel disorders use 
complementary or alternative medicine despite the perceived lack of 
efficacy by some clinicians. 
If the symptoms are mild and not severe enough to interfere with a 
child’s school or daily activities, using alternative therapies for which 
there are some scientific evidence of benefit may be a good starting 
point. These include peppermint oil, melatonin, and STW5 (Iberogast). 
Concentrated peppermint oil is increasingly being used in the treat- 
ment of abdominal pain in children. The menthol component of pep- 
permint oil acts as a calcium channel blocker that causes relaxation 
of intestinal smooth muscle. Peppermint oil, administered in 
pH-dependent, enteric-coated capsules has been shown to reduce 
abdominal pain severity over placebo in both adults and children. 
Melatonin is likely to be effective in less severe patients with functional 
pain with minimal co-morbidities and has the added benefit of having 
a low side effect profile. Iberogast is a mixture of nine herbal plant 
extracts that is being used as an alternative approach for the treatment 
of functional dyspepsia and IBS. The exact mechanism of this herbal 
preparation is not known but several trials have suggested that it is 
effective in alleviating symptoms of FD and IBS. The combination 
consists of liquid extracts from chamomile flowers, bitter candytuft, 
angelica root, caraway fruits, milk thistle, lemon balm leaves, greater 
celandine, licorice root, and peppermint leaves. 


Red flags or “alarm signals” are critical to investigate in the history and 
physical exam of abdominal pain. The presence of red flags raises the 
suspicion of an underlying organic disorder and includes pain local- 
ized away from the umbilicus, pain related to menstrual cycle, back 
pain, multisystem complaints, anorexia, weight loss, evidence of GI 


bleeding (anemia, hematemesis, melena, hematochezia, rectal bleed- 
ing, occult bleeding), profuse diarrhea, extraintestinal symptoms 
(fever, rash, recurrent aphthous ulcers), and a positive family history 
of inflammatory bowel disease, celiac disease, or peptic ulcers. Anemia, 
hematochezia, and weight loss in children with chronic abdominal 


pain are predictive of inflammatory bowel disease. Physical findings of 
linear growth deceleration, localized fullness or mass effect, hepato- 
megaly, splenomegaly, back or costovertebral angle tenderness, peri- 
anal skin tags or fistulas, soiling, or occult blood in stools should be 
taken seriously and should prevent the diagnosis of a FGID until 
further work-up is completed. Biochemical analysis that raises suspi- 
cion for organic disorders include iron deficiency anemia, high sedi- 
mentation rate or C-reactive protein, hypoalbuminemia, and abnormal 
liver or kidney function tests, or elevated amylase and lipase. A high 
stool calprotectin level suggests an inflammatory process and should 
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be obtained in the presence of diarrhea. In cases in which recurrent 
vomiting is a significant part of the history, an upper GI series should 
be obtained to rule out gastric outlet disorder, malrotation, or partial 
small bowel obstruction. An abdominal ultrasound should also be 
considered in order to investigate the possibility of gallstones, pseudo- 
cyst, ureteropelvic junction obstruction, or a retroperitoneal mass. 
Contrast CT scans in the evaluation of chronic functional pain is 
seldom helpful and should not be ordered unless a specific cause is 
being investigated. 
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Diarrhea 


Bhaskar Gurram 


Diarrhea is defined as a stool volume of greater than 10 g/kg/day in 
infants and toddlers and greater than 200 g/day in older children. 
Functionally, diarrhea should be considered if a patient is passing 3 or 
more unusually loose stools in a 24-hour period or is passing stools 
more frequently than usual, with a consistency looser than what is 
considered normal for that individual. Diarrhea is classified broadly by 
the duration of symptoms. Acute diarrhea is usually a self-limited 
illness that lasts for 2 weeks or less. Chronic diarrhea persists for more 
than 2 weeks. The etiologies of acute and chronic diarrhea differ by 
age (Table 11.1). 

Diarrhea is further classified by pathophysiology, which typically 
involves 1 or more of the following mechanisms: (1) osmotic diar- 
rhea, characterized by the presence of an increased intraluminal 
osmotic load leading to passive diffusion of fluid into the gastro- 
intestinal lumen; (2) secretory diarrhea, characterized by increased 
secretion of fluid into the gastrointestinal lumen beyond the capacity 
to be reabsorbed; and (3) altered gastrointestinal tract motility. Dif- 
ferentiating osmotic from secretory diarrhea allows for a more directed 
diagnostic evaluation (Table 11.2). Osmotic diarrhea may be related 
to the malabsorption of carbohydrate, fat, or protein or to the pres- 
ence of nonabsorbable substances in the gastrointestinal lumen. The 
characteristics of the stool may provide information that allows for 
the identification of the malabsorbed substance, particularly for iso- 
lated carbohydrate and fat malabsorption (Table 11.3). Secretory 
diarrhea is characterized by an excess of crypt cell fluid and electrolyte 
secretion that exceeds the absorptive capabilities of the villi and is 
classified by the presence or absence of normal villi. Inflammatory 
diarrhea of both infectious and noninfectious etiologies usually 
involves both osmotic and secretory components. Finally, surgical 
bowel resection may decrease the surface area available for the resorp- 
tion of both fluid and solutes, leading to both a secretory and osmotic 
diarrhea. The causes of diarrhea based on pathophysiology are pre- 
sented in Table 11.4. 


ACUTE DIARRHEA 
$ History 


Acute diarrhea in children is most often infectious (Table 11.5), 
although it may be secondary to noninfectious inflammatory pro- 
cesses, toxins, or medications. The etiology of acute diarrhea is sug- 
gested by both the history and characteristics of the stool. Fever or 
blood in the stool suggests an infectious cause. Watery diarrhea is 
typical of viral gastroenteritis, as well as some bacterial and parasitic 
infections. Dysentery, characterized by severe diarrhea and the pres- 
ence of blood and mucus in the stool, suggests bacterial colitis. Vomit- 
ing and diarrhea developing within hours of ingesting food suggests 
exposure to preformed toxins in the food, rather than the acquisition 
of an enteric pathogen from the food, which is characterized by a 
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predominantly diarrheal illness developing within days of exposure 
(Fig. 11.1). A recent history of travel suggests traveler’s diarrhea, more 
than 80% of which is caused by bacterial species that are endemic to 
the area of travel, to which the patient has not been previously exposed. 
Recent travel may also suggest parasitic or helminthic infection. Expo- 
sure to health care settings suggests nosocomial diarrhea. Patients 
with a history of immunodeficiency or malnourishment may be more 
likely to have an infection with atypical or opportunistic organisms or 
to have a more protracted and severe course. Hematuria or oliguria 
may suggest hemolytic uremic syndrome as a complication of infec- 
tion with Escherichia coli 0157:H7 or Shigella. 


$ Physical Examination 


Physical examination should focus on assessing the level of hydration 
and the need for fluid resuscitation (Table 11.6). The general examina- 
tion may reveal nonenteric infections that could present with diarrhea, 
such as otitis media, pneumonia, or sepsis. Abdominal tenderness or 
masses suggest appendicitis, intussusception, or less commonly, toxic 
megacolon. Generalized toxicity or shock may occur with hemolytic 
uremic syndrome or with sepsis, such as from invasive Salmonella or 
staphylococcal toxic shock syndrome. 


Viral Diarrhea 


Rotavirus infection. Rotavirus is the leading cause of severe diar- 
rhea in infants and young children. The introduction of an effective 
vaccine has decreased the incidence, with most infections occurring in 
unvaccinated children under 3 years of age. Transmission is by the 
fecal-oral route and the incubation period ranges from 1 to 3 days. 
Patients typically present with the acute onset of fever and vomiting 
followed 1-2 days later by watery diarrhea. Symptoms generally persist 
for 3-8 days. In moderate to severe cases, dehydration, electrolyte 
abnormalities, and acidosis may occur. In immunocompromised 
children, persistent infection and chronic diarrhea can develop, with 
persistently positive diagnostic assays. Chronic infection is to be dif- 
ferentiated from postinfectious malabsorption seen in some immuno- 
competent children, in whom the small intestinal mucosa may require 
3-8 weeks to recover its absorptive ability. Diagnosis is confirmed by 
nucleic acid amplification assays, enzyme immunoassay (EIA), immu- 
nochromatography, or latex agglutination assay for group A rotavirus 
antigen detection in the stool. 

Norovirus infection. Norovirus is a single-stranded RNA virus of 
the Calciviridae family and is the leading cause of epidemic outbreaks 
of acute gastroenteritis, as well as the most common cause of food- 
borne illness and foodborne disease outbreaks in the United States. 
Young children have the highest incidence of infection. Transmission 
is via the fecal-oral route or through contaminated food or water. 
Norovirus gastroenteritis typically presents with the abrupt onset of 
vomiting accompanied by watery diarrhea, abdominal cramps, nausea, 


TABLE 11.1 


Infants 


Acute 


Common 

Infectious gastroenteritis 

systemic infection 

Medication-induced (e.g., antibiotics, laxatives) 
Food protein—induced enterocolitis syndrome (FPIES) 
Food poisoning 

Overfeeding 


Rare 
Hirschsprung-associated enterocolitis 
Neonatal opioid withdrawal 


Chronic 

Disorders of Absorption and Transport of 
Nutrients and Electrolytes 

Primary lactase deficiency 

Secondary (e.g., postinfectious) lactase deficiency 
Congenital sucrose-isomaltase deficiency 
Congenital chloride diarrhea 

Congenital sodium diarrhea 

Acrodermatitis enteropathica 

Glucose-galactose malabsorption 

Fanconi-Bickel syndrome 

Lysininuric protein intolerance 

Chylomicron retention disease 
Abetalipoproteinemia 

Enterokinase deficiency 

Maltase-glucoamylase deficiency 

Primary bile acid diarrhea 

Familial diarrhea syndrome 

Diarrhea-associated DGAT7 mutation 

Defects in Enterocyte Structure 
Congenital tufting enteropathy 

Microvillus inclusion disease 
Trichohepatoenteric syndrome (syndromic diarrhea) 
Neuro-Enteroendocrine Diarrhea 
Enteric anendocrinosis 

Mitchell-Riley syndrome 

Proprotein convertase 1/3 deficiency 

X-linked lissencephaly 

Secretory tumors [e.g., neuroblastoma) 
Defects in Intestinal Immune-Related 
Homeostasis 

Cow's milk or soy-milk protein colitis 
Eosinophilic gastroenteritis and colitis 
Early-onset enteropathy with colitis 

IPEX syndrome 

IPEX-like disorders 

XIAP deficiency 

Autoimmune enteropathy 

Other primary immune deficiency disorders (e.g., SCID) 
Pancreatic Insufficiency 

Cystic fibrosis 

shwachman-Diamond syndrome 
Johansson-Blizzard syndrome 

Pearson syndrome 
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Children 


Infectious gastroenteritis 
Food poisoning 
Antibiotic-associated diarrhea 
Food poisoning 

systemic infection 


Disorders of Absorption and Transport 
of Nutrients and Electrolytes 

Lactose intolerance 

Secondary (e.g., postinfectious) lactase deficiency 
Congenital sucrose-isomaltase deficiency 

Primary bile acid diarrhea 

Familial diarrhea syndrome 

Disorders of Intestinal Motility 
Toddler's diarrhea 

Irritable bowel syndrome 

Infectious Etiologies 

Giardiasis 

Cryptosporidium 

Defects in Enterocyte Structure 
Trichohepatoenteric syndrome (syndromic diarrhea) 
Neuro-Enteroendocrine Diarrhea 
Proprotein convertase 1/3 deficiency 

X-linked lissencephaly 

Secretory tumors (e.g., neuroblastoma, VlPoma) 
Defects in Intestinal Immune-Related 
Homeostasis 

Celiac disease 

Inflammatory bowel disease 

Eosinophilic gastroenteritis and colitis 
Early-onset enteropathy with colitis 

XIAP deficiency 

Autoimmune enteropathy 

Pancreatic Insufficiency 

Cystic fibrosis 

Chronic pancreatitis 


Diarrhea 


Differential Diagnosis of Acute and Chronic Diarrhea by Age 


Adolescents 


Infectious gastroenteritis 
Food poisoning 
Antibiotic-associated diarrhea 
Hyperthyroidism 


Disorders of Absorption and 
Transport of Nutrients and 
Electrolytes 

Lactose intolerance 

Laxative abuse 

Disorders of Intestinal Motility 
Irritable bowel syndrome 
Pesudoobstruction and bacterial overgrowth 
Infectious Etiologies 

Giardiasis 

Cryptosporidium 
Neuro-Enteroendocrine Diarrhea 
Primary adrenal insufficiency 

Defects in Intestinal Immune- 
Related Homeostasis 

Inflammatory bowel disease 

Celiac disease 

Eosinophilic gastroenteritis and colitis 
Pancreatic Insufficiency 

Chronic pancreatitis 


DGAT1, Diacylglycerol O-acyltransferase 1; IPEX, immune dysregulation, polyendocrinopathy, enteropathy, X-linked; SCID, severe combined 
immunodeficiency; VIP, vasoactive intestinal peptide; XIAP, X-linked inhibitor of apoptosis. 


and vomiting. Systemic manifestations, including myalgia, fatigue, and 
headache may accompany gastrointestinal symptoms. Diagnosis is 
confirmed by nucleic acid amplification assays that detect viral RNA 
from the stool. 


Bacterial Diarrhea 


Most bacterial diarrheal illnesses are foodborne and affect infants and 
young children more frequently than adults. Bacterial infections of the 
intestine cause diarrhea via direct invasion of the intestinal mucosa, 
followed by intraepithelial cell multiplication or invasion of the lamina 
propria. Cellular invasion may be followed by the production of cyto- 
toxin, which disrupts cell function, and/or the production of entero- 
toxin, which alters cellular electrolyte and water balance. Bacterial 
adherence to the mucosal surface may result in flattening of the micro- 
villi and disruption of normal cell functioning. Symptomatic differen- 
tiation from viral causes of diarrhea may be difficult, and sequelae of 
infections are varied (Table 11.7). 

Salmonella infection. Nontyphoidal Salmonella organisms are 
estimated to cause 1 million annual gastrointestinal infections in the 
United States. The attack rate is highest in infancy; the incidence of 
symptomatic infections is lower in patients older than 6 years. Salmo- 
nella infection may cause an asymptomatic intestinal carrier state (rare 
in children), enterocolitis with diarrhea, or bacteremia without gastro- 
intestinal manifestations but with subsequent local infections, such as 
meningitis or osteomyelitis. Salmonella infection is usually spread 
through contaminated water supplies or food (e.g., meat, chicken, eggs, 
raw milk, and fresh produce). Most infections in the United States are 
sporadic rather than epidemic. Although an infected food handler may 
contaminate food sources, farm animals or pets are often the vector. 
Cats, turtles, lizards, snakes, and iguanas may also harbor Salmonella 
organisms. Outbreaks may occur among institutionalized children; 
outbreaks in daycare centers are rare. 

After a 12- to 72-hour incubation period, gastroenteritis develops 
and is characterized by the sudden onset of diarrhea, abdominal 
cramps and tenderness, and fever. The diarrhea is watery, with stools 
containing polymorphonuclear leukocytes and, on occasion, blood. 
The peripheral blood white blood cell count is usually normal. 


TABLE 11.2 Differentiating Osmotic from 
Secretory Diarrhea 


Osmotic Secretory 

Small (<200 mL/24 hr) Large (>200 mL/24 hr) 
Response to fasting Diarrhea improves Diarrhea continues 
Stool sodium </0 >70 

Stool osmotic gap* >50 <50 


Stool pH <5 >6 


Stool volume 


*Stool osmotic gap = 290 — 2 (stool Na* + stool K*) 
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Symptoms slowly resolve within 3-5 days, although excretion of the 
organism may persist for several weeks. The organism is readily iso- 
lated from culture of the stool or a rectal swab, or may be identified 
via multiplex polymerase chain reaction (PCR) assays that detect mul- 
tiple bacterial, viral, and parasitic enteric pathogens. 

Shigella infection. Most Shigella infections in the United States 
occur in young children 1-4 years of age, with a peak seasonal inci- 
dence in late summer and early autumn. It may also be the most 
common bacterial cause of diarrhea outbreaks in daycare settings. The 
organism is transmitted via the fecal-oral route, most often by the 
hands. During a 12- to 72-hour incubation period, patients may 
develop a nonspecific prodrome characterized by fever, chills, nausea, 
and vomiting. A predominantly rectosigmoid colitis develops and 
results in abdominal cramps and watery diarrhea. In more severe infec- 
tions (bacillary dysentery), blood and mucus are passed in small, very 
frequent stools. High fever in young infants may induce febrile sei- 
zures, and some patients may develop hemolytic uremic syndrome. 
Bacterial culture of the stool or a rectal swab, or the use of multiplex 
PCR assays, allows for differentiating this organism from other patho- 
gens. If positive, antibiotic treatment is usually indicated. 

Campylobacter infection. Many animal species, including poultry, 
farm animals, and household pets, serve as reservoirs for Campylo- 
bacter jejuni. Transmission occurs through ingestion of contaminated 
food, especially undercooked food, and through person-to-person 
spread via the fecal-oral route. The disease is common in infants and 
adolescents, and both daycare and college outbreaks have been 
reported. Asymptomatic carriage is uncommon. Campylobacter infec- 
tion causes disease that may range from mild diarrhea to frank dysen- 
tery. The organism causes diffuse, invasive enteritis that involves the 
ileum and colon. Fever, cramping, abdominal pain, and bloody diar- 
rhea are characteristic and may mimic symptoms of acute appendicitis 
or inflammatory bowel disease. Fever and diarrhea usually resolve after 
5-7 days; prolonged illness or relapse occasionally occurs. Campylo- 
bacter infection is also known to cause meningitis, abscesses, pancre- 
atitis, and pneumonia. Guillain-Barré syndrome has been reported 
after Campylobacter infection. Identification is via stool or rectal swab 
bacterial culture, or via multiplex PCR assay. If positive, antibiotic 
treatment is indicated. 

Yersinia infection. Infection with either Yersinia enterocolitica or 
Y. pseudotuberculosis may cause various clinical syndromes, including 
gastroenteritis, mesenteric adenitis, pseudoappendicitis, and postinfec- 
tious reactive arthritis. The organism is present in animals and may be 
spread to humans by consumption of undercooked meat (especially 
pork), unpasteurized milk, and other contaminated foods. Person-to- 
person spread also occurs. Young children are particularly susceptible 
to disease, and the frequency of infections increases during the summer 
months. 

The organisms may be identified via multiplex PCR assay or may 
be cultured from rectal swab or stool specimens, but selective media 
are required, and the organism may not be identified via culture 
for several weeks. The microbiology laboratory should be notified if 


TABLE 11.3 Distinguishing Isolated Carbohydrate from Isolated Fat Malabsorption 


Isolated Carbohydrate Malabsorption 


Stool character 

Perianal rash/skin erosion Present 
Signs of fat-soluble vitamin deficiency Variable 
Stool pH 


Stool reducing/non-reducing substances 


Acidic (usually <6) 


Present 


Loose and watery, non—foul-smelling 


Isolated Fat Malabsorption 

Bulky large stool, foul-smelling, oil droplets visible 
Present 

Present 

Alkaline 

Absent 


TABLE 11.4 Differential Diagnosis of 
Diarrhea by Pathophysiology 


Osmotic Diarrhea 
1. Carbohydrate malabsorption 

Lactose intolerance 
Osmotic laxatives (lactulose, polyethylene glycol 3350) 
Antacids (magnesium hydroxide) 
Ingestion of excessive amounts of non-absorbable sugar or sugar 
alcohols (sorbitol in chewing gum, diet candy, sucralose) 
Dietary ingestion of excessive fructose (high-fructose corn syrup, 
ingestion of high-fructose—containing fruits in excessive amounts) 
Disaccharidase deficiency (sucrose-isomaltase deficiency, glucose- 
galactose malabsorption, maltase-glucoamylase deficiency, congenital 
lactase deficiency) 

e Gastrocolic fistula, jejuno-ileal bypass, short-bowel syndrome 

. Fat malabsorption 

e Pancreatic insufficiency 

e Defective handling of bile acids (e.g., primary bile acid malabsorption, 
cholestasis) 

e Defective mucosal lipid handling (e.g., intestinal lymphangiectasia, 
abetalipoproteinemia, chylomicron retention disease) 

. Protein malabsorption 
e Primary enterokinase deficiency 
e Hartnup disease 


Secretory Diarrhea 
e Normal villous architecture 
e Chloride-losing diarrhea (C| — HCO; exchanger defect) 
e Sodium-losing diarrhea (Na* — H* exchanger defect) 
e Familial diarrhea syndrome (gain-of-function mutation of guanylate 
cyclase 2C) 
e Neurogenin-3 mutation 
Villous atrophy 
Microvillous inclusion disease 
Tufting enteropathy 
Acrodermatitis enteropathica 
Trichohepatoenteric syndrome (phenotypic or syndromic diarrhea) 
Congenital disorders of glycosylation defects 
Autoimmune polyglandular syndrome type 1 
Neuroendocrine tumors 


Inflammatory (Combination of Secretory and Osmotic) 

1. Infectious 

2. Celiac disease 

3. Inflammatory bowel disease 

4. Autoimmune enteropathy and infantile-onset inflammatory bowel disease 
e Interleukin-10 and interleukin-10 receptor defects 
e Hyperimmunoglobulin D from mevalonate kinase deficiency presenting 

as severe neonatal colitis 

e |PEX/IPEX-like syndrome 

5. Postinfectious enteropathies 

6. Eosinophilic gastroenteritis 

7. Idiopathic 


Decreased Surface Area for Absorption 
1. Short-bowel syndrome 


IPEX, Immune dysregulation, polyendocrinopathy, enteropathy, 
X-linked. 
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TABLE 11.5 Causes of Acute 
Gastroenteritis in Children 


Viruses 
Noroviruses and other Calciviridae 
Rotavirus 
Astrovirus 
Enteric adenovirus 
Picornaviruses 


Bacteria 
Non-typhoidal Salmonella species 
Campylobacter jejuni 
Shigella 
Yersinia enterocolitica 
Enteropathogenic Escherichia coli 
Shiga toxin-producing Escherichia coli 
Salmonella typhi and Salmonella paratyphi 
Vibrio cholarae 
Aeromonas species 


Protozoa 

e Cryptosporidium 

e Giardia lamblia 

e Entamoeba histolytica 


Helminths 
e Strongyloides stercoralis 


Yersinia infection is suspected. Antibiotics are not effective in alleviat- 
ing symptoms of Yersinia enteritis or in shortening the period of bacte- 
rial excretion. Patients with extraintestinal infection should receive 
therapy. 

Escherichia coli infection. Although E. coli comprise the predomi- 
nant normal flora in the colon, some strains are pathogenic. Diarrhea 
caused by E. coli can be watery, inflammatory, or bloody, depending 
on the strain involved. These diarrheogenic E. coli strains are classified 
into 5 major groups on the basis of serogrouping or pathogenic mecha- 
nisms: (1) enteropathogenic E. coli (EPEC), an important cause of 
diarrhea in infants; (2) enterotoxigenic E. coli (ETEC), a cause of diar- 
rhea in infants and a cause of traveler’s diarrhea; (3) enteroinvasive E. 
coli, a cause of watery ETEC-like illness or, less commonly, a dysentery- 
like illness; (4) enterohemorrhagic E. coli, a cause of hemorrhagic 
colitis and hemolytic uremic syndrome (HUS); and (5) enteroaggrega- 
tive E. coli, a cause of persistent diarrhea. 

Enteric infections with E. coli are acquired via the fecal-oral route. 
Enterohemorrhagic strains are the only diarrhea-producing E. coli 
strains common in the United States and have been associated with 
foodborne epidemic outbreaks transmitted in some cases by under- 
cooked meat. 

EPEC is a well-established cause of infantile diarrhea, especially in 
developing countries. Asymptomatic carriage is common. At least 2 
separate mechanisms are responsible for diarrhea: adherence to intes- 
tinal epithelial cells leading to villous injury and mucosal inflamma- 
tion, and production of a toxin similar to that of Shigella organisms. 
Chronic infection resulting in failure to thrive may also occur. 

ETEC is the major cause of traveler’s diarrhea; occasional nosoco- 
mial outbreaks have also occurred in hospitalized infants. At least 3 
different types of E. coli enterotoxins (heat-labile, heat-stable toxin A, 
and heat-stable toxin B) have been identified. Definitive diagnosis 
requires enterotoxin identification, and this method is not widely 
available. 
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Suspecting a 
foodborne illness 


Vomiting is the 
predominant 


symptom (usually 
within 6 hr) 


e Staphylococcus aureus (dairy, produce, 
meats, eggs, and salads contaminated 
with staphylococcal enterotoxins) 

e Bacillus cereus (cooked rice or other 
prepared foods left out at room 
temperature and contaminated with 


Diarrhea is the 


predominant symptom 


(1-7 days) 


Watery 
diarrhea 


e Clostridium perfringens 
(meat, poultry, and 
gravy) 

e ETEC and enteric 
viruses (contaminated 
food and water) 


enterotoxin) 


e Noroviruses 
e Anisakiasis (parasitic nematode found in 
raw seafood) 


e Cryptosporidium parvum 
(bovine fecal contamination 
of water, unpasteurized 
milk, or fresh produce) 

e Cyclospora cayetanesis 
(berries, fresh basil) 

e Intestinal tapeworms 
(undercooked beef, 
pork, and fish) 


Diarrhea with 
blood and mucus 


and fever 


e Nontyphoidal salmonellosis 
(meat, poultry, fresh produce, 
peanut butter, eggs) 

e Campylobacter (poultry) 

e Enterohemorrhagic toxigenic 
Escherichia coli (e.g., 0157:H7 
EHEC or STEC) (ground beef, 
unpasteurized juice, raw fruits 
and vegetables) 

e Shigella (salads, poultry, dairy 
products, raw vegetables) 

e Vibrio parahemolyticus (raw 
shellfish) 

e Yersinia (undercooked pork, 
unpasteurized milk or 
fecally-contaminated water) 


FIGURE 11.1 Differentiating causes of foodborne illness. EHEC, enterohemorrhagic E. coli; ETEC, entero- 
toxigenic E. coll, STEC, Shiga toxin—producing E. coll. 


TABLE 11.6 Assessment of Degree of Dehydration 


Signs and Symptoms 
General Appearance 


Infants/young children 


Older children 


Tachycardia 
Palpable pulses 
Blood pressure 
Cutaneous perfusion 


Skin turgor 


Fontanel 

Mucous membranes 
Tears 

Respirations 

Urine output 


Mild 
Thirsty; alert; 
restless 


Thirsty; alert; 
restless 


Absent 
Present 
Normal 
Normal 
Normal 
Normal 
Moist 

Present 
Normal 
Normal 


Moderate 


Thirsty; restless or 
listless 


Thirsty; alert (usually) 


Present 

Present (weak) 
Orthostatic hypotension 
Normal 

Slight reduction 
slightly depressed 

Dry 

Present/absent 

Deep, may be rapid 
Oliguria 


Severe 
Drowsy or lethargic; limp, cold, sweaty, cyanotic 


Usually conscious (but at reduced level), 
apprehensive; cold, sweaty, cyanotic extremities; 
wrinkled skin on fingers/toes; muscle cramps 


Present 

Decreased 
Hypotension 
Reduced/mottled 
Reduced 

sunken 

Very dry 

Absent 

Deep and rapid 
Anuria/severe oliguria 


From Lewy JE. Nephrology: Fluids and electrolytes. (Modified from World Health Organization Guide.) In: Behrman RE, Kliegman RM, eds. 
Nelson Essentials of Pediatrics. 2nd ed. Philadelphia: WB Saunders; 1994:582. 


TABLE 11.7 


Complication Important Bacterial Agents 


Dehydration Vibrio cholerae, any bacterial enteropathogen 


Bacteremia Salmonella, Campylobacter fetus 


Hemolytic uremic 
syndrome 


shiga toxin—producing Escherichia coll, 
Campylobacter jejuni 

Guillain-Barré 
syndrome 


Campylobacter, Salmonella, Shigella flexneri, 
Yersinia 


Reactive arthritis and 


Inflammatory bacterial pathogens (e.g., 

Iritis Campylobacter) are most important, but most 
bacterial pathogens can produce the 
syndrome 


Postinfectious irritable 
bowel syndrome 


Vibrio cholerae, any bacterial enteropathogen 


Enterohemorrhagic E. coli produces a Shiga-like cytotoxin and 
causes diarrhea, hemorrhagic colitis, and, in about 20% of infected 
persons, hemolytic uremic syndrome (HUS). Both epidemic and spo- 
radic cases have been recognized. Infection is more common in the 
summer and fall. A particular serotype, E. coli 0157:H7, has been 
linked to the development of HUS in young children. The most 
common manifestations of enterohemorrhagic E. coli infection begin 
with severe abdominal cramps and watery diarrhea, followed by grossly 
bloody stools and emesis. Fever is uncommon. Fecal leukocytes are 
absent or few. Other manifestations include asymptomatic infection 
and watery diarrhea without progression to hemorrhagic colitis. E. coli 
0157:H7 is cleared from the stool in 5-12 days. If HUS develops, 
symptoms become noticeable in the week after the onset of diarrhea 
and consist of renal failure, microangiopathic hemolytic anemia, 
thrombocytopenia, and diarrhea. There is no role for antimicrobial 
therapy in enterohemorrhagic E. coli disease. Antibiotics neither 
shorten the duration of disease nor prevent progression to HUS; they 
may predispose to HUS. 

Clostridium difficile infection. Clostridium difficile causes acute 
and chronic diarrhea in children when the normal colonic flora is 
disrupted. Pseeudomembranous colitis is the most severe form of this 
infection, occurring as a result of a severe inflammatory response to 
the C. difficile toxins. Transmission occurs through person-to-person 
contact and through environmental contamination via the spores 
formed by C. difficile, which retain viability for up to 1 week on dry 
surfaces. 

The prevalence of carrier status for C. difficile in healthy, asymp- 
tomatic outpatients is as high as 50% in healthy infants, but is usually 
less than 5% in patients over 5 years of age. C. difficile and its toxin 
have been identified in the feces of healthy infants in concentrations 
similar to those found in adults with pseudomembranous colitis. The 
apparent resistance of infants to C. difficile and its toxin is related to 
the developmental absence of the toxin-binding site in the immature 
intestine. Asymptomatic carriage rates in hospitalized patients may be 
as high as 20%. Infection is highly associated with recent antibiotic 
exposure, particularly to broad-spectrum antibiotics, which disrupt 
the endogenous colonic flora that inhibits the growth of C. difficile. 
Other risk factors for C. difficile diarrhea include inflammatory bowel 
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Complications of Bacterial Enteric Infections 


Clinical Considerations 


Complication of all forms of acute watery diarrhea; should prompt 
aggressive fluid and electrolyte replacement 


Organisms that deeply penetrate the intestinal mucosa are prone to cause 
bacteremia; certain high-risk conditions predispose to systemic 
Salmonella infection 


shiga toxin is absorbed, causing injury to endothelial cells of the 
glomerular capillaries with intravascular coagulation 


Most cases occur as a result of molecular mimicry, with antibodies 
directed to Campylobacter lipooligosaccharides and peripheral nerve 
gangliosides; probability of development of Guillain-Barré syndrome 
within 2 mo after Campylobacter infection estimated at <2/10,000 cases 


Occurs in 2.1/100,000 cases of Campylobacter infection and 1.4/100,000 
cases of Salmonella infection; affected persons may be HLA-B27— 
positive or HLA-B27—negative 


Enteric bacterial infection with intestinal inflammation in a susceptible 
host leads to altered intestinal findings and postinfectious irritable 
bowel syndrome; duration is >5 yr 


disease, gastrointestinal surgery or procedures, and immunocompro- 
mised status. 

C. difficile infection should be considered in patients in whom diar- 
rhea develops during or within several weeks of antibiotic therapy. 
Illness associated with this organism varies from a mild, self-limited, 
nonbloody diarrhea to severe hemorrhagic colitis, protein-losing 
enteropathy, toxic megacolon, colonic or cecal perforation, peritonitis, 
sepsis, shock, and death. In rare cases, manifestations of C. difficile 
infection include fever or abdominal pain without diarrhea. 

The colitis is caused by potent toxins produced by the organism: 
toxin A, a lethal enterotoxin that causes hemorrhage and fluid secre- 
tion in the intestines; and toxin B, a cytotoxin detectable by its cyto- 
pathic effects in tissue culture. Both toxins play a role in disease 
production, although toxin A may be more important. 

C. difficile infection is currently diagnosed either by enzyme immu- 
noassay for toxins in stool or by nucleic acid amplification tests that 
identify the microbial toxin genes in unformed stool. Sigmoidoscopy 
or colonoscopy reveals pseudomembranes in 30-50% of cases, typically 
in association with more severe disease. Treatment is indicated for 
severe disease. 

Aeromonas infection. Aeromonas species are gram-negative bacilli 
that are found in a variety of freshwater sources and that are capable 
of causing a wide array of disease, including a mild, self-limited 
diarrheal illness in children. Occasionally, Aeromonas may cause dys- 
entery or a protracted diarrheal illness. The most common manifes- 
tation is a watery, nonbloody, nonmucoid diarrhea seen during the 
late spring, summer, and early fall. More severe infections may 
resemble ulcerative colitis, with chronic bloody diarrhea and abdomi- 
nal pain. 

Plesiomonas infection. Plesiomonas shigelloides is a Vibrio-like 
organism found in soil and water that is sometimes implicated in 
childhood diarrhea. It has been linked to consumption of raw shellfish 
or contaminated water, exposure to reptiles and tropical fish, and travel 
to Mexico and Asia. After an incubation period of 1-2 days, patients 
typically develop watery diarrhea and vomiting, although some may 
develop dysentery. Diagnosis is via stool culture. Symptoms may last 
up to 2 weeks, although the disease is typically self-limited in immu- 
nocompetent individuals. 


Parasitic Diarrhea 


Giardiasis. Giardia intestinalis is a flagellated protozoan that can 
cause diarrhea, malabsorption, abdominal pain, and weight loss. It 
spreads through contaminated food and water, as well as through 
person-to-person contact via the fecal-oral route. The latter mode of 
transmission is responsible for outbreaks of diarrhea in daycare centers 
and residential facilities. Infection is often asymptomatic. Symptom- 
atic illness usually develops 1-3 weeks after exposure and may mimic 
acute gastroenteritis with low grade or no fever, nausea, vomiting, and 
watery diarrhea. In some patients, a chronic illness develops, character- 
ized by intermittent, foul-smelling diarrhea, abdominal bloating, 
nausea, abdominal pain, and weight loss. Up to 40% of patients may 
develop secondary lactase deficiency following infection. Diagnosis is 
via EIA or direct fluorescent antibody (DFA) tests, which offer superior 
sensitivity and specificity compared to microscopy. If microscopy is 
performed, three separate samples of fresh stool should be examined 
for cysts or trophozoites, because excretion of the organism is only 
intermittent. Treatment is typically indicated in the presence of symp- 
toms, to prevent institutional outbreaks, or to prevent spread to immu- 
nocompromised individuals. 

Entamoeba histolytica infection. Entamoeba histolytica is acquired 
in warm climates via the ingestion of cysts in fecally contaminated food 
or water. Infected individuals are often asymptomatic. Amebic dysen- 
tery may occur, but hepatic abscess and other remote infections are 
uncommon. Because cysts are shed in the stool on an intermittent 
basis, examination of several fecal specimens may be required for iden- 
tification. Stool antigen detection assays allow for differentiation 
between E. histolytica and the more prevalent though less pathogenic 
E. dispar, which may also be detected on microscopy. Treatment is 
indicated to prevent the development of extraintestinal manifestations 
or spread to other individuals. 

Cryptosporidium infection. This intracellular protozoan causes 
watery diarrhea in both immunocompetent and immunocompro- 
mised hosts and is an important cause of severe diarrhea in individuals 
infected with the human immunodeficiency virus. Cryptosporidium 
has also been recognized as an occasional cause of self-limited diarrhea 
in travelers, as well as in children in daycare centers and persons in 
residential institutions. The mechanisms by which these organisms 
cause diarrhea are unknown. Nucleic acid amplification assays and EIA 
tests are available for diagnosis. Identification via microscopy requires 
specialized staining techniques that should be requested if Cryptospo- 
ridium infestation is suspected. 


Other Causes of Acute Diarrhea 


Parenteral secondary diarrhea. Acute diarrhea that accompanies 
infections outside of the gastrointestinal tract is termed parenteral 
diarrhea. Upper respiratory tract and urinary tract infections may be 
associated with increased bowel movement frequency or stool water. 
The mechanism is unclear but may involve alterations in bowel motil- 
ity, changes in diet, or the effects of antibiotic treatment. 

Medications. Various nonlaxative prescription and over-the- 
counter medications may cause acute diarrhea (‘Table 11.8). The most 
commonly implicated agents are antibiotics, acting through mecha- 
nisms other than C. difficile. 

Food poisoning (Table 11.9; see Fig. 11.1). Staphylococcal food 
poisoning results from ingestion of preformed enterotoxin, produced 
in contaminated food that has incubated at or above room tempera- 
ture for a suitable period. Staphylococcal food poisoning is suggested 
by the sudden onset of vomiting that is followed by explosive diarrhea, 
usually within 4-6 hours after ingestion of the contaminated food. The 
illness is self-limited and usually resolves within 12-24 hours. The 
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TABLE 11.8 Medications and Substances 
Associated with Diarrhea in Children 


Agent Mechanism 


Increased intestinal secretion 
(phenolphthalein, bisacody!) 
Osmotic effect (Mg”*) 


Increased peristalsis (metoclopramide, 
bethanechol, cisapride) 


Stimulant laxatives (e.g., senna, 
bisacodyl) 


Antacids 
Prokinetic agents 


Measles-mumps-rubella vaccine Unknown 


Thyroid hormone Increased peristalsis 


Chemotherapeutics Intestinal mucosal injury 


Heavy metals Toxic effect 


Organophosphates Cholinergic effects 


Diuretics Unknown 


Digitalis Unknown 


Colchicine Unknown 


Indomethacin Prostaglandin synthesis inhibition 


Theophylline Increased peristalsis 


diagnosis is based on the typical historical presentation. Treatment is 
supportive; antibiotics are not indicated. 

Bacillus cereus, a gram-positive sporulating organism found in 
soil, is usually associated with contamination of refried rice or vegeta- 
bles. Two food poisoning syndromes can occur. A short incubation 
period disease (1-6 hours) results from ingestion of preformed toxin 
and is characterized by nausea, vomiting, and diarrhea, similar to 
staphylococcal food poisoning. A long incubation period disease (8-16 
hours) is caused by in vivo production of an enterotoxin and is char- 
acterized by abdominal pain, tenesmus, and profuse watery diarrhea. 
Vomiting is usually absent. Both syndromes resolve spontaneously 
within 24 hours and are managed with supportive care. 

Clostridium perfringens food poisoning has been associated with 
ingestion of contaminated beef and poultry. The disease results from 
the production and release of an enterotoxin into the lower bowel 8-24 
hours after ingestion of the vegetative form of the organism. Onset is 
sudden, with abdominal pain and watery diarrhea. Fever and vomiting 
are absent. Treatment is supportive. 


CHRONIC DIARRHEA 


The etiology of chronic diarrhea is dependent on the age of the patient 
(see Table 11.1) and is additionally influenced by socioeconomic 
factors and the clinical setting. In developing countries, chronic diar- 
rhea is frequently caused by acute infections, as malnutrition tends to 
prolong the course of infectious enterocolitis. The most common eti- 
ologies of chronic diarrhea in developed countries are functional intes- 
tinal disorders, nutrient malabsorption (cystic fibrosis), celiac disease, 
and inflammatory bowel diseases, but persistent infections of the intes- 
tinal tract may also occur. 


$ History 


The history should establish the age of onset, as well as the frequency 
and nature of the stools, including the presence of blood, nighttime 
stooling, urgency, weight loss, and any associated systemic symptoms. 
History should also ascertain any recent travel, other sick contacts, or 
swimming in freshwater sources. A history of recurrent infections, use 
of intravenous drugs, or other signs, symptoms, or risk factors for 
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TABLE 11.9 Foodborne Gastrointestinal Illnesses 


Cause 


Monosodium 
glutamate 


Heavy metals (copper, 
zinc, cadmium, tin) 


Mushroom poisoning* 


Incubation 
Period 


Minutes to 2 hr 


Minutes to 2 hr 


Minutes to 2 hr 


Fish/Shellfish-Related Toxins* 


Scombrotoxin 
poisoning 


Paralytic shellfish 
poisoning 


Tetrodotoxin 
poisoning 


Ciguatoxin 
poisoning 


Norovirus 


Staphylococcal 
enterotoxins 


Bacillus cereus 


Emetic form: short 
incubation 


Diarrheal form: 
longer incubation 


Clostridium perfringens 


Enterotoxigenic 
Escherichia coli 
(ETEC) 


Invasive Escherichia 
coli 


Vibrio cholerae 


Vibrio parahemolyticus 


Minutes to 2 hr 


Minutes to 2 hr 


Minutes to 2 hr 


2-24 hr 


24-48 hr 


2-8 hr 


2-8 hr 


8-14 hr 


8-14 hr 


12 hr to several 
days 


12 hr to days 


12 hr to days 


12 hr to days 


Clinical Clues 


Burning in abdomen, chest, 
extremities, and neck; 
lightheadedness; chest pain 


Metallic taste, diarrhea, 
prominent vomiting, no fever 


Altered mental status with visual 
disturbance (encephalopathy) 


Histamine reaction: flushing, 
headache, dizziness, burning of 
throat and mouth 

Paresthesia, dizziness, 
sometimes paralysis 


Paresthesia 


Itching, arthralgias, metallic 
taste, Paresthesias, cramps, 
visual disturbances, “Loose” 
painful teeth 


Epidemic watery diarrhea 


Prominent vomiting, no fever, 
duration less than 24 hr 


Prominent vomiting, no fever, 
duration less than 48 hr 


Abdominal cramps, severe 
diarrhea, no fever, duration 
less than 48 hr 


Abdominal cramps, severe 
diarrhea, no fever, duration 
less than 48 hr 


Abdominal cramps, watery 
diarrhea may be prolonged up 
to 7 days 

Prolonged febrile diarrhea and/or 
dysentery 

Abdominal cramps, watery 
diarrhea (rice-water stools). 
May be prolonged up to 1 wk 

Prolonged febrile diarrhea and/or 
dysentery 


Common Vehicle 
Found in some Asian cuisines 


Carbonated or acidic beverages in 
metal containers 


Noncommercially obtained 
mushrooms 


Scombridae fish (includes tuna, 
mackerel, and bonito species), 
mahi-mahi 

Mussels, clams, oysters, scallops 
contaminated with toxins, typically 
from dinoflagellate algae species 

Various pufferfish and angelfish 
species. The toxin is produced by 
symbiotic or infecting bacteria in 
the fish species 

Barracuda, red snapper, grouper, 
amberjack 


Contaminated ice machines, shellfish, 
ready-to-eat foods 


Ham, poultry, pastries (cream-filled), 
mixed salads, egg salad 


Fried rice, macaroni-and-cheese, 
vegetables, other ready-to-eat foods 
left at room temperature. Symptoms 
and rapidity of onset are due to 
presence of preformed toxin 

Fried rice, macaroni-and-cheese, 
vegetables, other ready-to-eat foods 
left at room temperature. Symptoms 
are due to in vivo toxin production 


Meat, poultry, gravy 


Incomplete data (rarely reported) 


Incomplete data (rarely reported) 


Contaminated food and water (very 
rare in United states) 


Seafood 


Diarrhea 


Diagnosis 
Large amount of monosodium 
glutamate in implicated food 


Chemical study of implicated 
beverage 


Identify mushroom and/or toxic 
chemical (e.g., muscarine, 
psilocybin) 


Identify fish and/or chemical toxin 
(ciguatoxin, tetrodotoxin, histamine, 
etc.) 


Nucleic acid amplification assays 


Identification of preformed toxin or 
isolation of 10° colony-forming- 
units of organism from food 


Identification of preformed toxin or 
isolation of 10° colony-forming- 
units of organism from food 


Identification of preformed toxin or 
isolation of 10° colony-forming- 
units of organism from food or 
stool 


Identification of preformed toxin or 
isolation of 10° colony-forming- 
units of organism from food or 
stool 


Identification of enterotoxin or 
isolation of organism from stool 


Isolation of organism from stool 


Isolation of organism from food or 
stool 


Stool culture (or food culture) 


Continued 
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TABLE 11.9 Foodborne Gastrointestinal Illpesses—cont'd 


Incubation 
Period 


12 hr to days 


Cause Clinical Clues 


Shigella species Prolonged febrile diarrhea and/or 


dysentery 


Campylobacter species 12 hr to days Prolonged febrile diarrhea and/or 


dysentery 


Clostridium botulinum 12 hr to days Diarrhea, constipation 


Guillain-Barré syndrome 
Uncertain 


Yersinia enterocolitica Prolonged diarrhea and/or 


dysentery 


*Potentially dangerous; observation in hospital often required. 


Common Vehicle Diagnosis 


Fish, mixed salads Stool culture (or food culture) 


Unpasteurized milk, poultry or meat Stool culture (or food culture) 


Botulinum toxin in food, stool, and 
serum 


Home-canned foods, fish, honey 


Milk, pig intestine Stool culture 


Modified from Reilly BM. Practical Strategies in Outpatient Medicine. 2nd ed. Philadelphia: WB Saunders; 1991:888. 


immunodeficiency should be documented. Family history should 
be probed for the presence of gastrointestinal disorders or 
immunodeficiency. 


® Physical Examination 


Hydration status should be assessed. Growth parameters should be 
obtained and charted on appropriate age-matched growth charts. The 
physical examination should assess for signs of malnutrition, vitamin 
and micronutrient deficiency, and dermatologic manifestations of sys- 
temic diseases. Jaundice may suggest hemolysis or hepatic dysfunction. 
Signs of fat-soluble vitamin deficiency include bone deformities in 
vitamin D deficiency, dry scaly skin and Bitot spots in vitamin A defi- 
ciency, hyporeflexia or gait abnormalities in vitamin E deficiency, and 
bruises or bleeding in vitamin K deficiency. Joint examination may 
reveal arthritis associated with inflammatory bowel disease. Abdomi- 
nal examination may reveal evidence suggestive of neuroendocrine 
tumors, and perianal examination may reveal evidence of inflamma- 
tory bowel disease (fistula, skin tags). 


® Diagnostic Evaluation 


The clinician should attempt to focus the diagnostic evaluation on only 
those conditions suggested by the history and physical examination. 
Invasive diagnostic procedures should be limited to those patients 
whose presentation contains red flags for serious disease (Table 11.10). 
Laboratory investigation should begin with microbiologic studies for 
bacteria and parasites in the stool. Acute infection with bacteria, such 
as Yersinia, E. coli, and Salmonella may develop into a chronic illness 
and can be detected by routine stool cultures and multiplex PCR 
assays. C. difficile testing should be performed, especially in the pres- 
ence of risk factors. Antigen detection and PCR-based assays for 
Giardia and Cryptosporidium are more sensitive and specific than 
routine microscopy-based examinations and are indicated if these 
infections are suspected. 

Except in the setting of neonatal-onset diarrhea, stool electrolytes 
and osmolality are of limited use. The differentiation of osmotic and 
secretory diarrhea is typically made by a trial of fasting and determin- 
ing if there is improvement in the stool output: osmotic diarrhea 
improves or resolves upon fasting, whereas secretory diarrhea does not. 
Stool-reducing substances are positive in the setting of osmotic diar- 
rhea secondary to carbohydrate malabsorption. In patients with 
osmotic diarrhea and negative reducing substances, it is essential to 
determine whether steatorrhea is present. If qualitative assays for fecal 
fat are negative, a more precise indication of steatorrhea may be 
obtained by quantifying fecal fat and calculating the coefficient of fat 
absorption, which requires a 72-hour collection of stool. Low fecal 


TABLE 11.10 Red Flags in the Evaluation 
of Diarrhea 


Presence of blood in stools 

Persistent right upper or right lower quadrant abdominal pain 
Involuntary weight loss or growth failure 

Delayed puberty 


Presence of associated symptoms, such as unexplained fever, suggesting 
inflammatory arthritides or other systemic diseases 


Nocturnal fecal urgency or diarrhea 
Perirectal/perianal disease 


Persistent dysphagia 


elastase suggests pancreatic insufficiency. Elevated levels of stool 
alpha-1-antitrypsin (A1AT) are suggestive of protein-losing enteropa- 
thy (PLE). Elevated fecal calprotectin or fecal lactoferrin are indica- 
tive of intestinal inflammation. The presence of fecal leukocytes or 
occult blood may indicate mucosal inflammation as well, though 
neither is sufficiently sensitive nor specific. 

Blood tests should include a complete blood count to evaluate for 
anemia and thrombocytosis, which may suggest blood loss and inflam- 
mation, respectively. In the presence of anemia, red blood cell indices 
may reveal a microcytosis potentially indicative of iron deficiency or a 
macrocytosis suggestive of vitamin B,, or folate deficiency. A normo- 
cytic anemia may be seen in chronic inflammatory diseases. White 
blood cell count and differential and quantification of immunoglobu- 
lins A, G, and M screen for immune disorders. Erythrocyte sedimenta- 
tion rate (ESR) and C-reactive protein (CRP) support inflammation 
but are nonspecific. Low albumin could be indicative of a chronic 
inflammatory process or PLE. Elevated anti-tissue transglutaminase 
immunoglobulin A (IgA) antibody is sensitive and specific for celiac 
disease, but a low total serum IgA level may result in a false-negative 
test. Levels of the fat-soluble vitamins A, 25-OH vitamin D, vitamin E, 
and vitamin K (reflected by prothrombin time) may be measured if fat 
malabsorption is suspected. 

The algorithmic approach to evaluating chronic diarrhea is depicted 
in Fig. 11.2A and B and is enumerated in Table 11.11. 


Disorders of Carbohydrate Malabsorption 


The brush border epithelium of the small bowel contains enzymes 
necessary for carbohydrate digestion. These enzymes hydrolyze disac- 
charides and oligosaccharides into monosaccharides that are then 
absorbed by transporters on the luminal surface of enterocytes. 


Carbohydrate malabsorption is secondary to either deficiency of a 
particular enzyme (e.g., congenital sucrase-isomaltase deficiency) or 
an abnormality in a transport protein involved with the absorption of 
monosaccharides (e.g., glucose-galactose malabsorption). The onset of 
various carbohydrate malabsorption syndromes can vary based on the 
timing of the introduction of particular carbohydrates (Table 11.12). 
Patients with carbohydrate malabsorption disorders present with 
severe watery diarrhea, which results from osmotic action exerted by 
the malabsorbed carbohydrate in the intestinal lumen. Colonic bacte- 
ria ferment the malabsorbed sugars, which generates a mixture of gases 
(e.g., hydrogen, methane, and carbon dioxide) and short-chain fatty 
acids. These gases form the basis of carbohydrate-specific breath 
hydrogen testing, which is often used in diagnosis. The stools become 
acidified to a pH of less than 7, which can lead to diaper dermatitis. 


Disaccharidase Deficiency 


Congenital sucrase-isomaltase deficiency (CSID). CSID is an 
inherited deficiency of the ability to hydrolyze sucrose, maltose, 
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and starch. Exposure to these products leads to osmotic diarrhea, 
pain, bloating, abdominal distention, and at times, chronic mal- 
nutrition and failure to thrive. The sucrase-isomaltase gene is located 
on chromosome 3 (3q25.2-q26.2) and more than 25 mutations in 
the gene have been identified. These mutations result in a variety 
of defects in the structure and function of the enzyme, including 
isolated deficiencies in sucrase activity or isomaltase activity. This 
genetic heterogeneity results in phenotypic variability ranging from 
completely absent to low-residual sucrase activity, and from com- 
pletely absent to normal isomaltase activity. Because sucrase- 
isomaltase is responsible for up to 80% of the maltase activity in 
the brush border, maltase activity is significantly reduced in almost 
all cases. 

The exact prevalence of CSID is unclear, although rates are as high 
as 10% in the Greenland Inuit population, 7% in Canadians of native 
ancestry, and about 3% in Alaskans of native ancestry. Estimates of the 
prevalence of CSID in other North American and European popula- 
tions generally range from 1 in 500 to 1 in 2000 among non-Hispanic 


CHRONIC DIARRHEA IN INFANTS <6 MONTHS OF AGE 


Blood-tinged diarrhea 


YES 


Stool culture 


+ Clostridium difficile toxin 


Abnormal Normal 
results results 


NO 


nucleic acid 


A 


Stool studies for: 
Ova and parasites 
pH 


Reducing substances 
Stool culture and/or 


amplification assays 


Abnormal Normal 
results results 


NO 


Weight loss or poor weight gain 


YES 


Consider: 

Stool for blood, fecal leukocytes, 
ova and parasites, fecal fat 

Stool culture 

Stool for Giardia antigen 

Clostridium difficile toxin 

CBC 


ALT 

GGT 

Sweat chloride 

Stool and serum electrolytes 
Serum zinc level 
Immunoglobulins 


Abnormal Normal 
results results 


FIGURE 11.2 A, The algorithmic approach to chronic diarrhea in infants <6 months of age. ALT, alanine 
aminotransferase; CBC, complete blood count; GGT, gamma-glutamyl transferase; IPEX, immune dysregula- 


tion, polyendocrinopathy, enteropathy, X-linked. Continued 
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CHRONIC DIARRHEA IN INFANTS >6 MONTHS OF AGE ( >2 WEEKS’ DURATION) 


Consider: 
Stool for blood, pH, reducing substances, ova and parasites 
Giardia antigen 

Cryptosporidium antigen 


Stool culture 
Clostridium difficile toxin 


Abnormal 
results 


YES 


YES 


Consider: 


and elastase 
CBC with differential 
ALT 
GGT 
ESR 
CRP 
HIV testing 
Sweat chloride 


Serum immunoglobulins 
Serum zinc level (if rash present) 


Stool studies for fecal leukocytes, fat, alpha-1-antitrypsin, 


Anti-tissue transglutaminase immunoglobulin A 


NO 


Weight loss or 
poor weight gain 


NO 


FIGURE 11.2, cont'd B, The algorithmic approach to chronic diarrhea in children >6 months of age. ALT, 
alanine aminotransferase; CBC, complete blood count; CRP, C-reactive protein; ESR, erythrocyte sedimenta- 
tion rate; GGT, gamma-glutamyl! transferase; HIV, human immunodeficiency virus; IPEX, immune dysregula- 
tion, polyendocrinopathy, enteropathy, X-linked. (Modified from Pomeranz AJ, Sabnis S, Busey SL, Kliegman 
RM, eds. Pediatric Decision-Making Strategies. 2 ed. Philadelphia: Elsevier; 2016:87-89.) 


whites, with a lower prevalence in African Americans and whites of 
Hispanic descent. 

The classic presentation of CSID is severe watery diarrhea, failure 
to thrive, irritability, and diaper dermatitis in a 9- to 18-month-old 
infant who has been exposed to sucrose and starch in the form of fruit 
juices, fruit purees, and starch-laden foods such as crackers and cookies 
(see Table 11.4). Intrinsic factors that contribute to the severity of 
presentation during infancy include the shorter length of the colon and 
a decreased capacity for colonic reabsorption of fluid and electrolytes, 
more rapid small intestinal transit, a high carbohydrate diet, and lower 
levels of amylase prior to 2 years of age. Some patients with milder 
sucrase deficiency may improve with age as their colonic bacteria 


develop an increased capacity to ferment residual sucrose and the 
intestinal tract develops an increased capacity for reabsorption. Patients 
may be misdiagnosed as having food allergies or irritable bowel syn- 
drome, or may remain undiagnosed. Symptoms may abate with the 
restriction of carbohydrate in the diet or with the use of enteral sucrase 
enzyme supplements. 

Diagnosis typically requires endoscopy for histologic examination 
of small bowel morphology and measurement of disaccharidase levels 
on biopsy specimens. Diagnosis requires the following: 

1. Normal small bowel morphology 
2. Absent or markedly reduced sucrase activity 
3. Isomaltase activity varying from absent to full activity 


TABLE 11.11 Diagnostic Studies in the 
Evaluation of Chronic Diarrhea 


Initial Studies 


Stool examination for blood, leukocytes, reducing substances, and 
Clostridium difficile toxin; stool examination for ova and parasites and 
cultures for infectious bacterial pathogens 


Complete blood count 


serum electrolytes, blood urea nitrogen, creatinine, calcium, phosphorus, 
albumin, total protein 


Urinalysis and culture 
Stool electrolytes 


Second-Phase Studies 
Sweat chloride test 


Breath analysis 

p-Xylose test 

Serum carotene, folate, vitamin B.,, and iron levels 
Fecal alpha-1-antitrypsin level 

Fecal fat studies or coefficient of fat absorption studies 
Fatty test meal, Lundh test meal 


Third-Phase Studies 
Fat-soluble vitamin levels: A, 25-hydroxy D, and E 


Contrast radiographic studies: upper gastrointestinal series or barium 
enema 


small intestinal biopsy for histology and mucosal enzyme determination 
Bentiromide excretion test 


Specialized Studies 
Schilling test 


serum/urine bile acid determination 
Endoscopic retrograde pancreatography 
Provocative pancreatic secretion testing 


From Wyllie R, Hyams JS, eds. Pediatric Gastrointestinal Disease. 
2nd ed. Philadelphia: WB Saunders; 1999:283. 


TABLE 11.12 Typical Age of Presentation 
of Carbohydrate Malabsorption Syndromes 


Carbohydrate Malabsorption 


Syndrome Age of Symptom Onset 


Congenital glucose-galactose Neonatal period 
malabsorption 
Congenital lactase deficiency 


Sucrase-isomaltase deficiency Weaning age 
Glucoamylase deficiency 


Primary lactase deficiency Uncommon before 2 or 3 yr of age 
Around 5 yr of age in Asians, 
Hispanics, and African American 
populations 
Over 5 yr of age, more typically in 
adolescence in Caucasians of 
European decent 
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4. Reduced maltase activity 
5. Normal lactase activity, or in the setting of reduced lactase, a 
sucrase: lactase ratio of <1.0. 

Other less invasive methods of diagnosis include sucrose breath 
hydrogen quantification and differential urinary disaccharide assess- 
ment; however, both of these modalities are associated with high false- 
positive and false-negative rates. Furthermore, differential urinary 
disaccharide testing requires a 10-hour urine collection specimen, 
which is often impractical in infants and younger children. 

Maltase-glucoamylase deficiency. Maltase-glucoamylase is a 
brush border hydrolase that serves as an alternate pathway for starch 
digestion that complements sucrase-isomaltase activity. Congenital 
maltase-glucoamylase deficiency is rare, with only several cases 
described in the literature. Genetically, maltase-glucoamylase shares 
approximately 59% of its sequence with sucrase-isomaltase, and the 
enzyme has two catalytic sites that are identical to those of sucrase- 
isomaltase. Symptoms are similar to those seen in CSID. Diagnosis 
requires the demonstration of reduced glucoamylase activity in the 
setting of normal small bowel histology and normal pancreatic amylase 
activity. 

Congenital glucose-galactose malabsorption (CGGM). Congenital 
glucose-galactose malabsorption results from defective sodium- 
coupled transport of glucose and galactose into enterocytes. It is a 
rare autosomal recessive disorder that results from mutations in the 
sodium-glucose cotransporter gene SGLT1 located on chromosome 
22q12.3. CGGM presents as a neonatal-onset profuse, watery diarrhea 
that ceases immediately following the elimination of glucose and galac- 
tose sources from the diet. Symptoms recur if the patient is fed formula 
containing either of these carbohydrates, including polymers such as 
sucrose and lactose. The disorder may lead to dehydration and elec- 
trolyte abnormalities, both of which can become life-threatening, and 
patients may be hypoglycemic. Stool-reducing substances are positive 
secondary to the presence of glucose in the stools. Intestinal morphol- 
ogy is normal. The diagnosis can be further established by an abnormal 
glucose breath hydrogen test and SGLT1 sequencing, although neither 
is required to confirm the diagnosis. 

Congenital lactase deficiency. A rare autosomal recessive disorder 
leading to very low or complete absence of brush border lactase-phlo- 
rizin hydrolase activity, congenital lactase deficiency usually presents 
with diarrhea starting soon after the introduction of breast milk or any 
lactose-containing formula. Most infants manifest within the first 10 
days of life. Unless the disorder is recognized and treated quickly, the 
condition is life-threatening secondary to dehydration and electrolyte 
abnormalities. Small bowel biopsies reveal normal histology although 
low or completely absent lactase concentrations. A presumptive diag- 
nosis can be made if osmotic diarrhea in a neonate resolves by intro- 
ducing lactose-free formula. 

Primary lactase deficiency (lactose intolerance). Approximately 
65% of the world’s population has primary lactase deficiency, although 
prevalence varies by ethnicity. While primary lactase deficiency is 
nearly universal in Asian and Native American populations and is as 
high as 80% in Hispanic, African American, and Ashkenazi Jewish 
populations, as few as 2% of individuals of northern European ances- 
try are affected. Age of onset varies by ethnicity as well. Approximately 
20% of Hispanic, Asian, and African American children younger than 
5 years of age are affected, whereas white children typically do not 
develop symptoms of lactose intolerance until after 5 years of age. 
Children with clinical signs of lactose intolerance at an earlier age than 
would be typical for their ethnicity may warrant an evaluation for an 
alternate cause. 

Symptoms typically develop insidiously over the course of many 
years, with most affected individuals experiencing onset of symptoms 


in late adolescence or adulthood. Within 30 minutes to 2 hours of 
ingesting lactose, patients develop abdominal cramping and disten- 
tion, foul-smelling flatulence, nausea, and diarrhea. While the severity 
of symptoms is directly correlated with the quantity of ingested lactose, 
each individual exhibits a unique dose threshold beyond which he or 
she becomes symptomatic. 

Diagnosis is suggested historically. When lactose intolerance is sus- 
pected, a trial of a lactose-free diet can assist in confirming the diagno- 
sis. Patients must be sure to eliminate all sources of lactose, including 
some that may be hidden (Table 11.13). Generally, a 2-week trial of a 
strict lactose-free diet producing resolution of symptoms, followed by 
a subsequent reintroduction of dairy foods resulting in recurrence of 
symptoms is diagnostic. In subtler cases, hydrogen breath testing is the 
least invasive and most helpful test to diagnose lactose malabsorption. 

Secondary lactase deficiency. Secondary lactase deficiency devel- 
ops when an inflammatory process, such as a viral infection, damages 
the brush border epithelium and leads to the loss of the lactase- 
containing epithelial cells from the tips of the villi. The immature 
epithelial cells that replace these are often lactase deficient, leading to 
lactose malabsorption. Secondary lactase deficiency in most children 
with acute gastroenteritis is rarely clinically significant. Most affected 
children can safely continue breast milk or standard lactose-containing 
formula without any significant effects, although infants under 3 months 
of age may develop clinically significant symptoms. Giardiasis, crypto- 
sporidiosis, and other parasites that infect the proximal small intestine 
often lead to lactose malabsorption from direct injury to the epithelial 
cells by the parasite. Secondary lactase deficiency with clinical signs of 
lactose intolerance can be seen in celiac disease, Crohn disease, and 
immune-related and other enteropathies and should be considered if 
children with these diagnoses have symptoms of lactose intolerance. 


TABLE 11.13 Hidden Sources of Lactose 


Bread and other baked goods 
Waffles, pancakes, biscuits, cookies, and the mixes to make them 
Processed breakfast foods such as doughnuts, frozen waffles and 
pancakes, toaster pastries, and sweet rolls 
Processed breakfast cereals 
Instant potatoes, soups, and breakfast drinks 
Potato chips, corn chips, and other processed snacks 
Processed meats such as bacon, sausage, hot dogs, and lunch meats 
Margarine 
Salad dressings 
Liquid and powdered milk-based meal replacements 
Protein powders and bars 
Candies 
Nondairy liquid and powdered coffee creamers 
Nondairy whipped toppings 
Certain medications 
If a food label includes any of the following words, the product contains 
lactose: 
Milk 
Lactose 
Whey 
Curds 
Milk by-products 
Dry milk solids 
Nonfat dry milk powder 


From National Digestive Diseases Information Clearinghouse. Lactose 
intolerance. <http://digestive.niddk.nih.gov/ddiseases/pubs/ 
lactoseintolerance>; 2015. 
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Diagnostic evaluation should be directed toward these entities when 
secondary lactase deficiency is suspected and an infectious etiology is 
not found. 

Severe malnutrition can also produce secondary lactose intolerance 
via small bowel atrophy. Most infants and children with malabsorption 
attributable to malnutrition are able to continue to tolerate dietary 
carbohydrates, including lactose. However, the World Health Organi- 
zation recommends avoidance of lactose in children with persistent 
postinfectious diarrhea lasting more than 14 days, if they fail a dietary 
trial of milk or yogurt. Treatment of secondary lactase deficiency and 
lactose malabsorption attributable to an underlying condition gener- 
ally does not require elimination of lactose from the diet but, rather, 
treatment of the underlying condition. 

Table 11.14 lists additional important causes of chronic neonatal 
or infantile diarrhea. 


CHRONIC NONSPECIFIC DIARRHEA 


Chronic nonspecific diarrhea, also known as functional or toddler’s 
diarrhea, typically affects children between 1 and 3 years of age and is 
characterized by the passage of several watery and unformed stools 
each day. Stools are typically relatively well formed in the morning but 
become looser as the day progresses. The stools often appear to contain 
undigested vegetable matter but lack blood, mucus, or excessive fat. 
Children with functional diarrhea, if offered an unrestricted and age- 
appropriate diet, gain weight normally. However, in an attempt to treat 
the diarrhea, many children are placed on restrictive diets that may 
lack dairy, fats, and occasionally starches; such restrictions lead to 
failure to thrive. Rome-III diagnostic criteria specify that all of the 
following must be present: 

1. Daily painless, recurrent passage of 3 or more large, unformed 
stools 

Symptoms that last more than 4 weeks 

Onset of symptoms that begins between 6 and 36 months of age 
Passage of stools that occurs during waking hours 

There is no failure-to-thrive if caloric intake is adequate 

Chronic nonspecific diarrhea is thought to be a variant of irritable 
bowel syndrome (IBS), and a family history of IBS is common. The 
pathophysiology may involve abnormal intestinal motility with 
decreased mouth-to-anus transit time. Excessive fruit juice intake may 
also contribute to the diarrhea by overwhelming the carbohydrate 
absorptive capacity of the gut. Chronic nonspecific diarrhea is a benign 
and self-limited condition that usually resolves without intervention 
by 3-4 years of age. Parents should be reassured and encouraged to 
place the child on a regular, unrestricted diet to provide adequate calo- 
ries. The diarrhea often improves with removal of prior dietary restric- 
tions and by limiting fruit juice intake. Some patients may improve 
with increasing the fat content of the diet (e.g., switching from low fat 
milk to whole milk), which can slow gastrointestinal transit time. 


a S ie a 


Small Intestinal Bacterial Overgrowth (SIBO) 


The normal small intestine is colonized with relatively few bacteria, 
typically less than 10* organisms/mL. Various conditions such as short 
bowel syndrome, malnutrition, pseudo-obstruction, bowel strictures, 
and achlorhydria from medications such as proton pump inhibitors 
may result in overgrowth of aerobic and anaerobic bacteria in the 
small bowel. Symptoms of abdominal pain, bloating, abdominal dis- 
tention, and diarrhea arise as bile acids are deconjugated and fatty 
acids are hydroxylated by bacteria, leading to an osmotic diarrhea. 
The diagnosis can be made by breath hydrogen testing showing early 
and late rise in breath hydrogen after ingestion of lactulose. Quantita- 
tive jejunal aspirate cultures showing greater than 10° organisms/mL 
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TABLE 11.14 Disorders Leading to Early-Onset Chronic Diarrhea 


Disorder 


Pathophysiology and Known 
Genetic Associations 


Characteristic Signs and Symptoms 


Disorders of Absorption and Transport of Nutrients and Electrolytes 


Congenital chloride 
diarrhea 


Congenital sodium 
diarrhea 


Acrodermatitis 
enteropathica 


Lysininuric protein 
intolerance 


Chylomicron retention 
disease 


Abetalipoproteinemia 


Primary bile acid 
diarrhea 


Familial diarrhea 
syndrome 


Diarrhea-associated 
DGAT1 mutation 


AR, SLCZ643 
Alterations in the intestinal CI7/ 
HCO; exchanger 


AR, SPINT2 

Impaired jejunal Na*/H* exchange due to 
the reduced activity of serine 
peptidase inhibitor, Kunitz type 2 

AR, SLO39A4 

Impaired duodenal and jejunal zinc 
transport 


AR, SLOZA7 

Impaired amino acid transport due to 
altered light chain of the solute carrier 
family 7, member 7 


AR, SAR1B 

Impaired chylomicron transport within 
enterocytes owing to the altered 
activity of a small GTPase 


AR, MTTP 

Impaired microsomal triglyceride transfer 
protein activity, lower synthesis of 
VLDL and reduced absorption of lipids 


AR, SLO10A2 

Reduced enterohepatic reabsorption of 
bile acids by solute carrier family 10, 
member 2 


AD) GUEYZCE 

Increased activity of guanylate cyclase 
2C enhances levels of cGMP, 
hyperactivating intestinal cystic fibrosis 
transmembrane conductance regulator 

AR, DGAT1 

Impaired activity of diacylglycerol 
O-acyltransferase 


Defects in Enterocyte Structure 


Congenital tufting 
enteropathy 


AR: EPCAM (defective activity of 
epithelial cell adhesion molecule 
causes altered cell-cell adhesion) 

AR: SPINTZ (impaired activity of serine 
peptidase inhibitor, Kunitz type 2, 
which is involved in epithelial 
regeneration) 


Profuse secretory diarrhea 

Acidic stools 

Hypochloremic, hypokalemic metabolic alkalosis 
Fecal chloride concentration >90 mmol/L 


Profuse watery secretory diarrhea 

High fecal sodium losses 

Alkaline stools 

Hyponatremic, hypokalemic metabolic acidosis 


Presents around the time of weaning from breast 
milk (0-9 mo of age in formula-fed infants) 

Very severe perioral and perianal rash 

Improvement in rash within 3 wk of oral zinc 
supplementation 


Presents around the time of weaning 

Recurrent vomiting with episodes of diarrhea 

Episodes of stupor and coma after a protein-rich 
meal 

Poor feeding 

Aversion to protein-rich food 

Failure to thrive 

Enlargement of the liver and spleen 

Muscular hypotonia 


Vomiting, osmotic diarrhea, and failure to thrive 


Presents in the first few months of life with FTT, 
diarrhea, and steatorrhea 

Fat-soluble vitamin deficiency 

Hypotonia, abnormal gait 

Retinitis pigmentosa 

Presents in the first few months of life with 
secretory diarrhea and failure to thrive 

Diarrhea worse with fatty foods 


Early-onset chronic secretory diarrhea, abdominal 
distention and bloating 

Subset of patients with inflammatory bowel 
disease and Irritable bowel syndrome 


Infantile-onset chronic diarrhea and protein-losing 
enteropathy 


Presents in the first few months of life with 
chronic watery diarrhea and impaired growth 
some patients have superficial punctate keratitis 

and choanal atresia 


Diarrhea 


Diagnostic Evaluation 


Clinical features 
Molecular genetic testing 


Clinical features 
Molecular genetic testing 


Clinical features 
Molecular genetic testing 


Clinical features 

Elevated ammonia after a protein- 
rich meal 

Abnormal urine and serum amino 
acid profile 

Molecular genetic testing 


Low cholesterol levels and normal 
triglycerides 

Low fat-soluble vitamins, in 
particular vitamin E 

Endoscopy: lipid accumulation in 
enterocytes 


Low cholesterol, low triglycerides, 
absent apolipoprotein B 
Acanthosis of red blood cells 


SeHCAT test with a selenium-labeled 
bile acid. Retention <10% after 7 
days is diagnostic 

Stool bile acid measurement 

Molecular genetic testing 


Molecular genetic testing 


Endoscopy: blunted villi and 
characteristic focal epithelial 
“tufts” composed of closely packed 
enterocytes with rounding of the 
apical plasma membrane that 
results in a teardrop configuration 
of the affected epithelial cell 

Molecular genetic testing 


Continued 
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TABLE 11.14 Disorders Leading to Early-Onset Chronic Diarrhea—cont'd 


Pathophysiology and Known 


Disorder Genetic Associations 
Microvillus inclusion AR: MYO5B (reduced activity of myosin 
disease 5B causes abnormal recycling of 


endosomes) 

AR: STX3 (impaired activity of syntaxin 
3, which is involved in membrane 
fusion of apical vesicles) 


Trichohepatoenteric 
syndrome (syndromic 
diarrhea) 


AR: TTC37 (impaired synthesis or 
localization of brush border 
transporters due to the reduced 
activity of tetratricopeptide repeat 
domain 37) 

AR: SKIV2L (unknown mechanism due to 
the impaired activity of SKI2W 
helicase) 


Neuro-Enteroendocrine Diarrhea 
Enteric anendocrinosis AR, NEUROG3 
Altered neurogenin-3, which regulates 
the development of gut epithelial cells 
into endocrine cells 


AR, RFX6 

Reduced activity of regulatory factor X6 
involved in pancreatic morphogenesis 
and development 


X-linked, ARX 

Impaired activity of aristaless related 
homeobox transcriptional factor, which 
regulates enteroendocrine cell 
development 


Mitchell-Riley 
syndrome 


X-linked lissencephaly 
and mental 
retardation 


Defects in Intestinal Immune-Related Homeostasis 


Eosinophilic Various causes, including food allergies 
gastroenteritis and (cow's milk protein), medications, 
colitis infections (e.g., Helicobacter pylori), 

immune dysregulation disorders, and 
idiopathic 

Early-onset AR, mutations of IL-10 or its receptors, 
enteropathy with IL1ORA and IL10RB. Altered IL-10 or its 
colitis receptor subunits involved in the 

control of intestinal microbial 
stimulations 

IPEX syndrome X-linked, FOXP3 mutation 


Impaired activity of forkhead box P3 
involved in the development of 
CD4*CD25* regulatory T cells 


Characteristic Signs and Symptoms 

Neonatal-onset chronic unremitting diarrhea 

some develop cholestatic liver disease that 
worsens after intestinal transplantation 


Chronic infantile diarrhea, facial dysmorphism, 
and hair abnormalities. Other associated 
symptoms: IUGR, immunodeficiency, skin 
abnormalities, liver disease, congenital cardiac 
defects, and platelet anomalies 


Severe secretory diarrhea in infancy 
Insulin-dependent diabetes mellitus in childhood 


Malabsorptive diarrhea 
Duodenal atresia and biliary abnormalities 
Neonatal diabetes mellitus 


Mental retardation, seizures, lissencephaly, 
abnormal genitalia 
Occasionally congenital diarrhea 


Diarrhea, blood in stools, low albumin, anemia 


Enterocolitis with ulcerative lesions in the 
perianal area and in the intestinal mucosa. 
Most present during the first 6 mo of life 

Folliculitis 


severe neonatal-onset inflammatory diarrhea 
Eczematous skin rash 

Endocrinopathy (infantile diabetes mellitus) 
Peripheral eosinophilia and increased serum IgE 
Autoimmune hemolytic anemia 

Autoimmune thrombocytopenia and neutropenia 


Diagnostic Evaluation 

On higher magnification, the surface 
enterocytes are focally piled-up 
and disorganized, with extensive 
vacuolization of the apical 
cytoplasm and loss of brush border 
definition 

On periodic acid—Schiff (PAS) 
staining of the apical brush border 
is poorly defined and there is 
PAS-positive staining of the apical 
cytoplasm of enterocytes 

Molecular genetic testing 


Moderate to severe villus atrophy 
with inconstant infiltration of 
mononuclear cells 

Molecular genetic testing 


Molecular genetic testing 


Molecular genetic testing 


Molecular genetic testing 


Endoscopic mucosal biopsies 
showing more than normal 
eosinophilic infiltration 


Lack of STAT3 phosphorylation in 
response to IL-10 
Molecular genetic testing 


Flow cytometry might show 
decreased peripheral FOXP3+ 
regulatory T cells 

Molecular genetic testing 
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TABLE 11.14 Disorders Leading to Early-Onset Chronic Diarrhea—cont'd 


Pathophysiology and Known 

Genetic Associations 

AR: //2RA (impaired synthesis of œ chain 
of IL-2 receptor on regulatory T cells) 

AR: STAT5B (impaired activity of STAT5B 
involved in IL-2 signaling in regulatory 
T cells) 

AD: STAT7 (enhanced or reduced activity 
of STAT? causes the reprogramming of 
regulatory T cells into Th1-like cells) 

AR: /TCH (altered activity of itchy E3 
ubiquitin protein ligase implicated in 
the development of regulatory T cells) 

AR: LABA (impaired activity of 
lipopolysaccharide-responsive 
beige-like anchor protein stimulates 
apoptosis of regulatory T cells) 


Disorder 
IPEX-like disorders 


Characteristic Signs and Symptoms 
Presentation similar to IPEX 


Diagnostic Evaluation 
Molecular genetic testing 


Pancreatic Insufficiency 

Cystic fibrosis AR, Mutations involving CFTR. More 
than 1300 mutations have been 
described. Most common is AF508 
mutation 


Low stool elastase 

High sweat chloride (>60 mEq/L) 
Newborn screening 

Molecular genetic testing 


Meconium ileus in neonate 

Megacolon 

Chronic diarrhea from pancreatic insufficiency 
starting from 1 mo of age 

Failure to thrive 

Conjugated hyperbilirubinemia 


shwachman-Diamond AR Chronic diarrhea from pancreatic insufficiency Clinical features 


syndrome SBDS gene in over 90% Bone marrow failure Molecular genetic testing 
Skeletal changes 
Pancreatic lipomatosis on diagnostic imaging 
(ultrasound or computed tomography) 
Johanson-Blizzard AR Chronic diarrhea from pancreatic insufficiency Clinical features 
syndrome UBRI gene Dysmorphic features: aplastic alae nasi, extension Molecular genetic testing 


of the hairline to the forehead with upswept 
frontal hair, low-set ears, large anterior 
fontanel, micrognathia, thin lips, microcephaly, 
aplasia cutis (patchy distribution of hair with 
areas of alopecia), dental anomalies, poor 
growth, and anorectal anomalies (mainly 
imperforate anus) 


Clinical features 
Molecular genetic testing 


Pearson syndrome Chronic diarrhea from pancreatic insufficiency 

Sideroblastic anemia, variable neutropenia, 
thrombocytopenia, and vacuolization of bone 
marrow precursors 


Lactic acidosis and liver failure 


Sporadic: caused by de novo single, 
large deletions of mtDNA, which can 
range from 1000 to 10,000 nucleotides 


AD, autosomal dominant; AR, autosomal recessive; cGMP, cyclic guanosine monophosphate; IUGR, intrauterine growth restriction; IgE, 
immunoglobulin E; IPEX, immune dysregulation, polyendocrinopathy, enteropathy, X-linked; SeHCAT, selenium homocholic acid taurine; STATS, 
signal transducer and activator of transcription 3; IL, interleukin; mtDNA, mitochondrial DNA; VLDL, very low density lipoprotein. 


are suggestive of SIBO, although established cutoff ranges and specific- 
ity are imperfect. 


and bloating or distention. Diagnosis requires that patients have a 
normal physical examination and growth curve and meet both of the 
following criteria at least once per week for at least 2 months before 
diagnosis: 


Irritable Bowel Syndrome (IBS) 


Irritable bowel syndrome is characterized by recurrent abdominal pain 
and altered bowel habits that typically presents in adolescence. Symp- 
toms include abnormal stool frequency (either 4 or more stools per 
day, or 2 or fewer stools per week), abnormal stool form (either loose 
and watery or lumpy and hard), abnormal passage of stool (e.g., strain- 
ing, urgency, feeling of incomplete evacuation), the passage of mucus, 


1. Abdominal discomfort (an uncomfortable sensation not described 
as pain) or pain associated with 2 or more of the following at least 
25% of the time: 

a. Improvement with defecation 
b. Onset associated with a change in frequency of stool 
c. Onset associated with a change in form (appearance) of stool 


2. No evidence of an inflammatory, anatomic, metabolic, or neoplas- 

tic process that explains the subject's symptoms 

The etiology and pathogenesis of irritable bowel syndrome are not 
well understood. Visceral hypersensitivity has been well documented 
in children with IBS. Genetic predisposition, early stressful events, and 
ineffective coping mechanisms are compounding factors. Additional 
mechanisms may include infection, inflammation, intestinal trauma, 
allergy, and disordered gut motility. 


Celiac Disease 


Celiac disease is an immune-mediated systemic disorder elicited by 
exposure to gluten and related proteins in genetically susceptible indi- 
viduals. Clinical presentations vary, although the hallmarks of celiac 
disease include enteropathy and the presence of disease-specific anti- 
bodies. Prevalence is as high as 1% in Western nations, with most 
affected individuals presenting in childhood. A genetic predisposition 
is suggested by familial aggregation and the high concordance in 
monozygotic twins, which approaches 100%. A strong association with 
human leukocyte antigen (HLA)-DQ2.5, and to a lesser degree HLA- 
DQ8, has been identified. A family or personal history of autoimmune 
disease and certain genetic conditions confers a higher risk (Table 
1415). 

The pathogenesis of celiac disease first involves exposure to gliadin, 
a protein component of wheat gluten, or structurally related storage 
proteins (prolamines) found in rye and barley. Altered processing by 
intraluminal enzymes, changes in intestinal permeability, and activa- 
tion of the innate immune response precede the development of an 
adaptive immune response that results in systemic autoimmunity and 


TABLE 11.15 Conditions Whose Presence 
Confers a Higher Risk of Celiac Disease 


Incidence of Celiac 
Condition Disease (%) 
First-degree relative with celiac disease 2-20 
Type 1 diabetes mellitus 3-12 
1.5-2.5 
0.3-5.5 


Turner syndrome 6.5 


Juvenile idiopathic arthritis 
Down syndrome 


Williams syndrome 95 
IgA nephropathy 

IgA deficiency 

Autoimmune thyroid disease 

Autoimmune liver disease 
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an inflammatory enteropathy characterized by villous atrophy, elon- 
gated crypts, and intraepithelial lymphocytosis. 

Celiac disease symptoms are protean and reflect its systemic nature. 
The age of onset is variable and a high degree of suspicion is needed. 
Manifestations include recurrent abdominal pain, nausea and vomit- 
ing, iron deficiency with or without anemia, short stature, aphthous 
stomatitis, chronic fatigue, arthritis, raised aminotransferase levels, 
and reduced bone mineral density. Rare manifestations include ataxia, 
dermatitis herpetiformis, which is a blistering rash with pathogno- 
monic cutaneous IgA deposits, and celiac crisis, which is a rare life- 
threatening syndrome mostly observed in children, that is characterized 
by severe diarrhea, hypoproteinemia, and metabolic and electrolyte 
imbalances. The classic presentation of a toddler with chronic diarrhea, 
abdominal distention, and failure to thrive is uncommon. Most 
patients are identified via serologic screening in the context of a strong 
family history or other risk factors. 

Serological tests are the cornerstone of screening for celiac disease 
in patients with risk factors or a suggestive history (Table 11.16). Estab- 
lishing the diagnosis is dependent on the levels of disease-specific 
antibodies detected. Total serum IgA should be obtained to exclude 
IgA deficiency. If total serum IgA is normal and anti-tissue transglu- 
taminase IgA antibodies are negative, celiac disease is unlikely. Patients 
with positive anti-tissue transglutaminase IgA antibodies that are less 
than 10 times the upper limit of normal should undergo upper endos- 
copy with multiple biopsies. If biopsies demonstrate total or partial 
villous atrophy, elongated crypts, and increased intraepithelial 
lymphocytes (>25 lymphocytes/100 enterocytes), the diagnosis is 
confirmed. Patients with positive anti-tissue transglutaminase IgA 
antibodies that are greater than or equal to 10 times the upper limit of 
normal should have anti-endomysial IgA antibodies and HLA testing 
performed. If the patient is positive for anti-endomysial IgA antibodies 
and is positive for DQ2 or DQ8 HLA testing, the diagnosis is con- 
firmed; if either or both are negative, the patient should undergo 
biopsy. 

Patients with celiac disease experience relief in their symptoms 
when placed on a strict gluten-free diet. Complications associated with 
untreated celiac disease include osteoporosis, impaired splenic func- 
tion, neurologic disorders, infertility or recurrent abortion, ulcerative 
jejunoileitis, and cancer. Enteropathy-associated T-cell lymphoma 
and adenocarcinoma of the jejunum are rare complications of celiac 
disease. Refractory celiac disease is diagnosed when there are persis- 
tent or recurrent malabsorptive symptoms and signs of villous atrophy 
on biopsy despite strict adherence to a gluten-free diet for more than 
12 months. Refractory celiac disease can be classified as type 1 (char- 
acterized by the presence of normal intraepithelial lymphocytes), or 
type 2 (characterized by abnormal intraepithelial lymphocytes; clonal 
intraepithelial lymphocytes lacking surface markers CD3, CD8, and 
T-cell receptors; or both). Type 2 refractory celiac disease is associated 
with a higher risk of ulcerative jejunoileitis and lymphoma. 


TABLE 11.16 Serologic Tests for Celiac Disease 


Test 
Anti-tissue transglutaminase IgA 


Sensitivity (Percent) 
>95 (73-100) 

Widely variable (12.6-99.3) 
>90.0 (82.6-100) 


Anti-tissue transglutaminase IgG 


Anti-endomysial antibody IgA 


Anti-deamidated gliadin peptide IgG >90.0 (80.1-98.6) 


IgA, immunoglobulin A; IgG, immunoglobulin G. 


Specificity (Percent) Comments 
>95 (77-100) 
Widely variable (86.3-100) 


98.2 (94.7-100) 


Recommended screening test 

Useful in patients with IgA deficiency 

Useful in patients with an uncertain 
diagnosis. Expensive. 

>90.0 (86.0-96.9) Useful in patients with IgA deficiency 
and young children 


Inflammatory Bowel Disease (IBD) 


Inflammatory bowel disease is divided broadly into ulcerative colitis 
and Crohn disease, idiopathic systemic chronic inflammatory diseases 
whose primary symptoms are related to relapsing gastrointestinal 
tract inflammation. Common signs and symptoms include diarrhea, 
abdominal pain, blood in the stools, and nutritional compromise. 
Ulcerative colitis consists of mucosal inflammation restricted to the 
colon, while Crohn disease consists of transmural inflammation that 
affects all layers of the intestinal wall and may involve any portion of 
the gastrointestinal tract from the mouth to the anus. Ulcerative colitis 
involves the colon in a continuous fashion, typically starting in the 
rectum and extending proximally to variable degrees. Crohn disease is 
characterized by skip lesions, in which there are areas of normal- 
appearing mucosa interspersed with inflammatory lesions. 

The prevalence of ulcerative colitis is as high as 246 per 100,000 
persons, and the prevalence of Crohn disease is as high as 199 per 
100,000 persons. Approximately 25% of all IBD is diagnosed in chil- 
dren and adolescents, although presentation prior to 6 years of age is 
rare. 

Clinical presentation. Up to 80% of children with Crohn disease 
will present with diarrhea. Stool may contain microscopic blood, 
although may not be grossly bloody, especially in the absence of sig- 
nificant left-sided colonic disease. Diarrhea is more common in colonic 
disease and may be absent altogether in cases of isolated small bowel 
inflammation. In ulcerative colitis, diarrhea is a more consistent pre- 
senting feature, often insidious in its development but eventually pro- 
gressing to hematochezia. Nocturnal diarrhea with urgency may be a 
sign of left-sided colonic inflammation in both entities. Gastro- 
intestinal and extraintestinal manifestations otherwise vary between 
Crohn disease and ulcerative colitis (Table 11.17). Extraintestinal man- 
ifestations are present in up to 23% of children at diagnosis, with a 
higher frequency in those over 6 years of age. 

Physical examination should establish nutritional status and 
include an assessment of growth parameters, including the review 
of previous growth charts. Pubertal status should also be recorded. 
Oral cavity examination should look for aphthous ulcers that are 
present in approximately 10% of IBD patients (more commonly in 
Crohn disease). An eye examination should look for episcleritis, 
painful inflammation of the outer layer of the sclera, and patients 
with known IBD should be followed by an ophthalmologist to assess 
for uveitis and keratopathy. A detailed abdominal examination should 
document abdominal distention, mass, tenderness and hyper- or 
hypoactive bowel sounds. Particular attention should be paid to 
assessing the perianal region for any abscesses or fistulas. Skin exami- 
nation should look for erythema nodosum, painful raised red lesions 
about 1-3 cm in diameter typically found on the shins; pyoderma 
gangrenosum, a severe ulcerating rash; and psoriatic lesions. Two 
clinical features suggest a diagnosis of Crohn disease over ulcerative 
colitis: the presence of perianal disease and the presence of structur- 
ing and fistulizing disease of the bowel. No other systemic or extrain- 
testinal manifestations reliably suggest one diagnosis over the other 
(Table 11.18). 

Diagnosis. IBD is a clinical diagnosis that integrates history and 
physical findings with objective data from imaging studies, labora- 
tory evaluation, and endoscopic findings including histopathology. 
Diagnosis should neither be confirmed nor excluded on any one 
variable or result: up to 54% of patients with mild ulcerative colitis 
and 21% of patients with mild Crohn disease have normal hemo- 
globin, albumin, CRP, and ESR levels at the time of initial diagnosis. 
Important mimics of IBD include irritable bowel syndrome, Behcet 
disease, infectious enterocolitis (particularly enterovirus and Yersinia), 
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TABLE 11.17 Clinical Manifestations of 
Inflammatory Bowel Disease 


Manifestation 


Gastrointestinal 
Diarrhea with or without blood 


Abdominal pain 

Hematochezia 

Anorexia, weight loss, and fatigue 
Growth failure and pubertal delay 
Abdominal mass 

Fever and night sweats 

Vomiting and nausea 


Extraintestinal 
lritis and uveitis 


Aphthous ulceration 
Erythema nodosum 
Pyoderma gangrenosum 
Musculoskeletal 


e Axial arthropathy and ankylosing 


spondylitis 
e Polyarticular arthritis 
e Pauciarticular arthritis 
e Osteoporosis 


Liver 

e Primary sclerosing cholangitis 

e Autoimmune hepatitis and 
overlap syndrome 

e Cholelithiasis 


Autoimmune pancreatitis 


Cardiovascular 
e Myocarditis 
e Pericarditis 


Pulmonary Crohn disease 


Renal 

e Nephritis 

e Amyloidosis 

e Urolithiasis (especially oxalate 
stones) 


Hematologic 


e |ron-deficiency anemia, anemia of 


chronic disease, vitamin B42 
deficiency or folate deficiency 
e Immune thrombocytopenia 
e Deep vein thrombosis 


Comments 


Isolated small bowel Crohn disease 
may not manifest with diarrhea 
or grossly bloody stools 


More common in ulcerative colitis 
More common in Crohn disease 
More common in Crohn disease 
Only in Crohn disease 

More common in Crohn disease 


seen in both but severe would 
Suggest intestinal obstructive 
process from Crohn disease 


More common in Crohn disease 
More common in Crohn disease 
More common in Crohn disease 
More common in ulcerative colitis 


Commonly involves large airways, 
but parenchymal disease, such as 
Organizing pneumonia, interstitial 
disease, and necrobiotic nodules, 
has been described 


More common in Crohn disease 
compared to ulcerative colitis 
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TABLE 11.18 Comparison of Crohn Disease and Ulcerative Colitis 


Feature 


Malaise, fever, weight loss 


Rectal bleeding 
Abdominal mass 
Abdominal pain 
Perianal disease 

lleal involvement 
strictures 

Fistula 

Skip lesions 
Transmural Involvement 
Crypt abscesses 
Intestinal granulomas 
Risk of cancer™ 
Erythema nodosum 
Mouth ulceration 
Osteopenia at onset 
Autoimmune hepatitis 
sclerosing cholangitis 


Crohn Disease 


Common 


Ulcerative Colitis 
Common 


Sometimes Usual 


Common 
Common 
Common 
Common 
Common 
Common 
Common 
Usual 
Variable 
Common 
Increased 
Common 
Common 
Yes 
Rare 
Rare 


*Colonic cancer, cholangiocarcinoma, lymphoma in Crohn disease. 


Rare 

Common 

Rare 

None (backwash ileitis) 
Unusual 

Very rare 

Not present 

Not present 
Usual 

Rarely present 
Greatly increased 
Less common 
Rare 

No 

Yes 

Yes 


From Bishop WP, Ebach DR. Intestinal tract. In: Marcdante KJ, Kliegman RK, eds. Nelson Essentials of Pediatrics. 7th Edition. Philadelphia: 


Saunders; 2015:437-444. 


TABLE 11.19 Differential Diagnoses of Presenting Symptoms of Crohn Disease 


Primary Presenting Symptom 
Right lower quadrant abdominal pain, with or without mass 


Differential Diagnosis 
Appendicitis, infection (e.g., Campylobacter, Yersinia species, tuberculosis or atypical 


mycobacteria), lymphoma, intussusception, mesenteric adenitis, Meckel 
diverticulitis, ovarian cyst or ovarian torsion, ectopic pregnancy 


Chronic periumbilical or epigastric abdominal pain 


Irritable bowel syndrome, constipation, lactose intolerance, peptic ulcer disease, 


functional dyspepsia 


Rectal bleeding, no diarrhea 


Fissure, polyp, Meckel diverticulum, solitary rectal ulcer syndrome 


Bloody diarrhea Infection, allergic colitis, hemolytic uremic syndrome, Henoch-Schénlein purpura, 
ischemic bowel, radiation colitis 


Watery diarrhea Irritable bowel syndrome, lactose intolerance, giardiasis, Cryptosporidium infection, 
sorbitol, laxatives 


Perirectal disease 


Fissure, hemorrhoid (rare), streptococcal infection, condyloma (rare) 


Growth delay Endocrinopathy 


Anorexia, weight loss 


Celiac disease, other systemic illnesses, anorexia nervosa 


Arthritis Collagen vascular disease, infection 


Liver abnormalities Chronic hepatitis 


Oral ulcers Celiac disease 


and tuberculosis (Tables 11.19 and 11.20). As such, every patient 
with a history and examination suggestive of IBD should have stool 
studies for infectious organisms and special request should be made 
for Yersinia culture if multiplex PCR assays that include Yersinia 
testing are not available. Patients presenting with suggestive symp- 
toms prior to 6 years of age may require an evaluation for an 


underlying immune dysregulation disorder as an additional mimic 
of IBD (Table 11.21). Stool biomarkers such as calprotectin and 
lactoferrin should be utilized to exclude non-inflammatory causes 
before considering endoscopic procedures. The suggested diagnostic 
evaluation of suspected inflammatory bowel disease is presented in 
Table 11.22. 


TABLE 11.20 
Agent 


Bacteria 
Campylobacter jejuni 


Yersinia enterocolitica 


Clostridium difficile 


Escherichia coli 0157:H7 


Salmonella 
Shigella 


Fdwardsiella tarda 
Aeromonas hydrophila 


Plesiomonas shigelloides 
Tuberculosis 


Parasites 
Entamoeba histolytica 


Giardia lamblia 


Infectious Agents Mimicking Inflammatory Bowel Disease 


Manifestations 


Acute diarrhea, fever, fecal blood and leukocytes 


Acute diarrhea that can become chronic, right lower 
quadrant pain, mesenteric adenitis— 
pseudoappendicitis, fecal blood and leukocytes 


Extraintestinal manifestations may mimic Crohn 
disease 


Onset during or following a course of antibiotics, 
watery — bloody diarrhea, pseudomembrane on 
sigmoidoscopy 

Colitis, fecal blood, abdominal pain 


Watery — bloody diarrhea, foodborne, fecal 
leukocytes, fever, pain, cramps 


Watery — bloody diarrhea, fecal leukocytes, fever, 
pain, cramps 


Bloody diarrhea, cramps 
Cramps, diarrhea, fecal blood 


Diarrhea, cramps 


Rarely bovine, now Mycobacterium tuberculosis 
lleocecal area, fistula formation 


Acute bloody diarrhea and liver abscess, colic 


Foul-smelling, watery diarrhea, cramps, flatulence, 
weight loss; no colonic involvement 


Opportunistic Organisms in the Setting of Immune Deficiency 


Cryptosporidium 


Isospora belli 
Cytomegalovirus 


Chronic diarrhea, weight loss 


Chronic diarrhea, weight loss 
Colonic ulceration, pain, bloody diarrhea 
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Culture or nucleic acid 
amplification assay 


Culture or nucleic acid 
amplification assay 


Cytotoxin assay or nucleic 
acid amplification assay 


Culture and typing or 
nucleic acid amplification 
assay 


Culture or nucleic acid 
amplification assay 


Culture or nucleic acid 
amplification assay 


Culture 
Culture 


Culture 

Culture, purified protein 
derivative, biopsy, 
interferon gamma release 
assay 


Trophozoite in stool, 
colonic mucosal flask 
ulceration, serologic tests 


“Owl"-like trophozoite and 
cysts in stool; rarely 
duodenal intubation 


Stool microscopy 


Stool microscopy 
Culture, biopsy 


Diarrhea 


Comments 


Common in adolescents, may relapse 


Common in adolescents as fever of 
unknown origin, weight loss, 
abdominal pain 


May be nosocomial 
Toxic megacolon possible 


Hemolytic uremic syndrome possible 


Usually acute 
Dysentery symptoms 


Ulceration on endoscopy 


May be chronic 

May be acquired from contaminated 
drinking water or swimming in 
contaminated pools or freshwater 
sources 


Shellfish source 
Can mimic Crohn disease 


Travel to endemic area 


May be chronic 


Mucosal findings not like 
inflammatory bowel disease 


Tropical location 


More common when on 
immunosuppressive medications 


From Grossman AB, Baldassano RN. Chronic ulcerative colitis. In: Kliegman RM, Stanton BF, St. Geme JW Ill, Schor NF, eds. Nelson Textbook 
of Pediatrics. 20th ed. Philadelphia: Elsevier; 2016:1823. 
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TABLE 11.21 Chronic Inflammatory-Like Intestinal Disorders Including Monogenetic Diseases 


Infection (See Table 11.20) 

Idiopathic Pathogen-Negative AIDS Enteropathy 

Immune-Inflammatory 

severe combined immunodeficiency 

Agammaglobulinemia 

Chronic granulomatous disease 

Wiskott-Aldrich syndrome 

Common variable immunodeficiency 

Acquired immunodeficiency 

Dietary protein enterocolitis 

Polyglandular autoimmune syndrome type 1 

Behcet disease 

Lymphoid nodular hyperplasia 

Eosinophilic gastroenteritis 

Omenn syndrome 

Graft-versus-host disease 

IPEX (immune dysregulation, polyendocrinopathy, enteropathy, X-linked) 
syndrome 

Interleukin-10 signaling defects 

Autoimmune enteropathy” 

Microscopic colitis 

Hyperimmunoglobulin M syndrom 

Hyperimmunoglobulin E syndrome 

Mevalonate kinase deficiency 

Familial Mediterranean fever 

Phospholipase Cy2 defects 

Familial hemophagocytic lymphohistiocytosis type 5 

X-linked lymphoproliferative syndromes types 1, 2 

Congenital neutropenias 

Leukocyte adhesion deficiency 1 


Vascular—Ischemic Disorders 

Systemic vasculitis (systemic lupus erythematosus, dermatomyositis) 
Henoch-Schénlein purpura 

Hemolytic uremic syndrome 

Granulomatosis with angiitis 


Other 

Glycogen storage disease type 1b 
Dystrophic epidermolysis bullosa 
X-linked ectodermal dysplasia and immunodeficiency 
Dyskeratosis congenita 
ADAM-17 deficiency 

Prestenotic colitis 

Diversion colitis 

Radiation colitis 

Neonatal necrotizing enterocolitis 
Typhlitis 

Sarcoidosis 

Hirschsprung colitis 

Intestinal lymphoma 

Laxative abuse 

Endometriosis 

Hermansky-Pudlak syndrome 
Trichohepatoenteric syndrome 
PTEN hamartoma syndrome 


* May be the same as IPEX. 
From Grossman AB, Baldassano RN. Chronic ulcerative colitis. In: Kliegman RM, Stanton BF, St. Geme JW Ill, Schor NF, eds. Nelson Textbook 
of Pediatrics. 20th ed. Philadelphia: Elsevier; 2016:18, Table 336-5. 


TABLE 11.22 Suggested Evaluation in Suspected Inflammatory Bowel Disease 


Test 
Complete blood count with differential 
Comprehensive metabolic panel 


Erythrocyte sedimentation rate 
C-reactive protein 
Stool cultures with Yersinia, ova and parasites 


Clostridium difficile toxin assay or polymerase chain 
reaction assay 


Fecal occult blood 
Fecal calprotectin (or lactoferrin) 


Esophagogastroduodenoscopy and ileocolonoscopy 
Imaging studies 

e MRI and MR-enterography (MRE) 

e CT abdomen 

e Abdominal ultrasound 


Wireless capsule endoscope 


Common Abnormalities/Comments 
Anemia, especially iron deficiency 


Hypoalbuminemia, elevated liver enzymes, low alkaline phosphatase (likely secondary to associated 
zinc deficiency) 


Elevated in CD > UC 

Elevated in CD > UC 

Always rule out infectious causes as the likely reason for symptoms 

Could be an isolated reason for symptoms or could be a superimposed illness 


Positive in vast majority of patients. No need for this test if patient has grossly bloody stools 


To distinguish inflammatory bowel disease from irritable bowel syndrome (IBS) prior to considering 
invasive procedures such as enodoscopy 


After ruling out other causes of patient's symptoms 


Consider for evaluation of patients presenting with fistulizing or structuring disease. Also used for 
evaluation of small bowel after endoscopic procedures 


Consider for evaluation of small bowel in very young children in whom MRE is difficult or in 
situations where conventional endoscope and imaging tools have been nondiagnostic 


CD, Crohn disease; CT, computed tomography; MRI, magnetic resonance imaging; UC, ulcerative colitis. 
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Acute diarrhea is a common childhood illness. For most children, the 
etiologic agent is of no therapeutic significance. Exceptions are giardia- 
sis, pseudomembranous colitis, dysentery suggestive of Shigella infec- 
tion, amebiasis, or Campylobacter infection, all of which necessitate 
specific treatment. Oftentimes of greater importance are the secondary 
complications associated with fluid and electrolyte losses and the 
reduced oral fluid intake, which may result in shock and its systemic 
complications. 

Red flags for acute diarrhea are the manifestations of dehydration 
(see Table 11.6). Young age (<6 months) is associated with a greater 
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risk of dehydration, as are 10 or more stools a day and frequent emesis 
and fever. 

Chronic diarrhea may be benign or may signify a more serious 
illness associated with malabsorption, inflammation, or congenital 
defects. Red flags include onset of diarrhea in the neonatal period, 
weight loss, growth stunting, anorexia, fever, fatty stools, blood in 
stools, extraintestinal manifestations associated with intestinal disease, 
history of travel to countries with poor sanitation and water supply, 
and specific nutritional deficiencies associated with malabsorption. 
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Vomiting and Regurgitation 


Richard J. Noel 


DEFINITIONS 


Vomiting encompasses all retrograde ejection of gastrointestinal (or 
esophageal) contents from the mouth. Vomiting is subdivided accord- 
ing to its forcefulness; thus, effortless or nearly effortless regurgitation 
is distinguished from true vomiting, which is propelled both by force- 
ful abdominal wall contractions and by retrograde intestinal peristalsis 
(Table 12.1). 

True vomiting is often accompanied by nausea and retching. 
Nausea is an unpleasant, vaguely epigastric or abdominal sensation 
accompanied by a variety of autonomic changes: decreases in gastric 
tone, contractions, secretion, and mucosal blood flow; increases in sali- 
vation, sweating, pupil diameter, and heart rate; and changes in respi- 
ratory rhythm. During nausea, retrograde peristalsis from the small 
intestine to the gastric antrum or generalized simultaneous contrac- 
tions of antrum and duodenum may produce duodenogastric reflux. 

Retching is defined as strong, involuntary efforts to vomit, which 
may be seen as preparatory maneuvers to vomiting. These efforts 
consist of spasmodic contractions of the diaphragm and abdominal 
wall at the same time that the lower esophageal sphincter relaxes. This 
sphincter is also pulled cephalad by contraction of the longitudinal 
muscles of the upper esophagus and may herniate through the dia- 
phragmatic hiatus, preventing the increased intraabdominal pressure 
from augmenting the sphincter pressure. During retching, gastric 
material is moved into the esophagus by the combination of increased 
abdominal pressure and decreased intrathoracic pressure, but this 
material may be returned to the stomach by secondary (non-swallow) 
esophageal peristalsis. 

Vomiting (emesis) differs from retching in that material is expelled 
from the mouth. This is fostered by relaxation of the diaphragm and 
reversal of intrathoracic pressure from negative to positive. The upper 
esophageal sphincter also relaxes, perhaps in response to the increase 
of intraluminal pressure in the esophagus. 

Regurgitation is considered a form of gastroesophageal reflux and, 
as such, is caused predominantly by lower esophageal sphincter dys- 
function. Although apparently effortless, it may be propelled by con- 
traction of abdominal wall musculature; this propulsion perhaps 
distinguishes regurgitant from nonregurgitant reflux, which remains 
in the esophagus. 

Rumination is similar to regurgitation in its effortless appearance 
and its probable propulsion by somatic muscle contraction. However, 
ruminated material is usually reswallowed rather than ejected from the 
mouth, and psychological or behavioral problems are considered the 
cause. 


NEUROANATOMY OF VOMITING 


The stereotypical motor response of vomiting is mediated by efferent 
fibers in the vagal, phrenic, and spinal nerves. Input to these nerves 
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rises from the brainstem “vomiting center.” The final common pathway 
for this centrally programmed complex reflex is through medullary 
interneurons in the solitary tract nucleus and a variety of sites in the 
nearby reticular formation. These interneurons receive input from the 
cortex, vagus, vestibular system, and area postrema. The area postrema, 
the “chemoreceptive trigger zone,” is located on the dorsal surface of 
the floor of the fourth ventricle, outside the blood—brain barrier, and 
has been identified as a crucial source for neural input that causes 
vomiting, particularly as a response to circulating drugs and toxins. 
Brain tumors, other central nervous system disease, and emotional 
stress, In contrast, cause vomiting via cortical afferent nerves, whereas 
intraabdominal disease, such as luminal obstruction or distention, 
causes vomiting via vagal afferent nerves. Vomiting may be classified 
by the origin of the afferent nerves (Table 12.2). When vomiting is a 
result of intraabdominal disease, it is useful to define whether obstruc- 
tion, dysmotility, inflammation, or ischemia is the mechanism. Vomit- 
ing may also be acute, chronic, or cyclic (Tables 12.3 and 12.4). 


DATA TO GUIDE THE DIAGNOSIS 


$ History 


Demographics 
The child’s age is a major determinant of the diagnostic possibilities 
(Table 12.5). Affected neonates present with congenital disorders and, 
in particular, structural abnormalities of the gastrointestinal tract or 
severe metabolic diseases. Sepsis is also an important neonatal consid- 
eration. Older infants with vomiting may have less severe structural or 
metabolic disorders, or they may have common acquired disorders 
such as gastroenteritis, mild systemic infections, gastroesophageal 
reflux, or allergies. Some metabolic disorders first manifest in older 
infants when dietary changes expose them to provocative foods for the 
first time; gastroenteritis and other infections are important consider- 
ations in these relatively immunocompromised younger patients. 
Toddlers frequently experience gastroenteritis, because they are 
repeatedly exposed to organisms to which they have no immunity; this 
age group also presents with acquired obstructive gastrointestinal dis- 
orders, such as intussusception or volvulus or with vomiting caused by 
ingested poisons. Throughout childhood and adolescence, a wide 
variety of acquired disorders become symptomatic, and some subtle 
congenital malformations may also first become evident at these older 
ages. Metabolic disorders continue to be an important but infrequent 
cause of recurrent vomiting throughout childhood. In adolescents, 
pregnancy, drug ingestion, chronic marijuana use, and eating disorders 
are added to the diagnostic considerations. 


Characteristics of Vomiting 


The contents (Table 12.6) and forcefulness (see Table 12.1) of the 
vomitus narrow the diagnostic possibilities. Hematemesis and bilious 
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(See Nelson Textbook of Pediatrics, p. 867.) 


TABLE 12.1 


Force 


Force of Vomiting 


Cause Example 


None Esophageal emptying Achalasia; some reflux 
Minimal 
Moderate 
Severe 


Regurgitation Regurgitant reflux; rumination 


Vomiting Most vomiting diseases 


Projectile vomiting 
with retching 


Obstructions; metabolic; poisons 


vomiting, in particular, are approached in a manner very different from 
that of vomiting without these characteristics, and they represent more 
serious underlying disorders. 

Associated symptoms. Vomiting must be characterized as acute, 
chronic, or recurrent. Temporal associations of chronic or recurrent 
vomiting are important (Table 12.7). Associated symptoms must be 
described (Tables 12.8 and 12.9); they are crucial, for example, in 
distinguishing life-threatening intracranial and metabolic disorders 
(Table 12.10). Abdominal pain is a central symptom that, if present, 
narrows the diagnosis. Vomiting associated with neurologic symptoms 
requires very careful evaluation. Post-tussive emesis is not usually con- 
fused with vomiting of other causes; it should direct diagnostic atten- 
tion to the cause of the cough itself. Regurgitation in an infant with 
apnea may signal reflux-associated apnea, although many infants with 
reflux-associated apnea have minimal regurgitation. Additionally, 
infant regurgitation is so common that it is quite nonspecific. 

Medical, family, and social history. Previous surgery, hospitaliza- 
tions, and medications may provide important clues. A family history 
of fetal or neonatal deaths suggests a genetic or metabolic cause; 
similar illness in the family members or other contacts may suggest 
infections or common toxic exposures. Psychosocial stressors may be 
found in adolescents with bulimia, peptic ulcer disease, chronic mari- 
juana use, or intentional self-poisonings. 


$ Physical Examination 


Although vomiting is a “gastrointestinal” symptom, it can be a mani- 
festation of disease in multiple systems of the body (see Tables 12.8, 
12.9). Vital signs identify fever, which is important in narrowing the 
differential diagnosis. Tachypnea may signify acidosis, which is seen 
with vomiting from metabolic causes or poisoning or with vomiting 
associated with marked diarrhea and dehydration or shock. Examina- 
tion of the fundi is often inappropriately neglected. The absence of 
venous pulsations or sharp optic disk margins may be the only evi- 
dence of a brain tumor or other intracranial lesion causing vomiting. 
When in doubt, a formal ophthalmologic examination is warranted. 


Abdominal Examination 


Simple observation of operative scars may suggest the possibility of 
obstruction from intestinal adhesions, and visible distention may rep- 
resent ascites caused by liver disease or intraluminal distention caused 
by intestinal obstruction or ileus. The order of the examination is 
important because auscultation performed after stimulation of intes- 
tinal motility by palpation may artifactually change the auscultatory 
findings. An important distinction in the vomiting child is whether 
bowel sounds are increased, as in gastroenteritis or in bowel obstruc- 
tions, or absent, as in ileus caused by peritonitis or in pseudoobstruc- 
tion. Increased bowel sounds resulting from luminal obstruction are 
often characterized by intermittent “rushes” of high-pitched sounds 
that are coordinated with episodes of colicky pain. 

Abdominal pain and tenderness associated with vomiting often 
represent disorders necessitating further imaging and/or surgery. 
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TABLE 12.2 Differential Diagnosis of 
Vomiting by Anatomic Locus of Stimulus 


|. Stimulation of Supramedullary Receptors 
A. Psychogenic vomiting 
B. Increased intracranial pressure (subdural effusion or hematoma, 
cerebral edema or tumor, hydrocephalus, meningoencephalitis, Reye 
syndrome) 
C. Vascular (migraine, severe hypertension) 
D. Seizures 
E. Vestibular disease, “motion sickness” 
Il. Stimulation of Chemoreceptive Trigger Zone 
A. Drugs: opiates, ipecac, digoxin, anticonvulsants 
B. Toxins 
C. Metabolic products (acidemia, ketonemia, hyperammonemia, 
uremia, etc.): 

Acidemia, ketonemia (diabetic ketoacidosis, lactic acidosis, 
phenylketonuria, renal tubular acidosis) 

Aminoacidemia (tyrosinemia, hypervalinemia, hyperglycinemia, 
lysinuria, maple syrup urine disease) 

Organic acidemia (methylmalonic acidemia, propionic acidemia, 
isovaleric acidemia) 

Hyperammonemia (urea cycle defects, Reye syndrome) 

Uremia (renal failure) 

Other (hereditary fructose intolerance, galactosemia, fatty acid 
oxidation disorders, diabetes insipidus, adrenal insufficiency, 
hypercalcemia, hypervitaminosis A) 

Ill. Stimulation of Peripheral Receptors and/or Obstruction of the 
Gastrointestinal Tract 
A. Pharyngeal: gag reflex (sinusitis secretions, post-tussive, self-induced, 
rumination) 
B. Esophageal: 
Functional: reflux, achalasia, other esophageal dysmotility 
Structural: stricture, ring, atresia, etc. 
. Gastric: 

Peptic ulcer disease (including Zollinger-Ellison syndrome), infection, 
dysmotility/gastroparesis 

Obstruction (e.g., bezoar, pyloric stenosis, web, chronic 
granulomatous disease, eosinophilic gastroenteritis) 

. Intestinal: 

Infection, enteritis, enterotoxin, appendicitis 

Dysmotility (e.g., metabolic or diabetic neuropathy; intestinal 
pseudoobstruction) 

Nutrient intolerance (e.g., cow s milk, soy, gluten, eosinophilic 
enteropathy) 

Obstruction (e.g., atresia, web, stenosis, adhesions, bands, volvulus, 
intussusception, superior mesenteric artery syndrome, duplication, 
meconium plug, meconium ileus, Hirschsprung disease, distal 
intestinal obstruction syndrome in cystic fibrosis) 

. Hepatobiliary, pancreatic: hepatitis, cholecystitis, pancreatitis, 
cholelithiasis 
. Cardiac: intestinal ischemia 
. Renal: pyelonephritis, hydronephrosis, renal calculi, 
glomerulonephritis 
. Respiratory: pneumonia, otitis, pharyngitis, sinusitis, common cold 
. Miscellaneous: peritonitis, sepsis, pregnancy; improper feeding 
techniques 


Modified from Orenstein SR. Dysphagia and vomiting. In: Wyllie R, 
Hyams JS, eds. Pediatric Gastrointestinal Disease: Pathophysiology, 
Diagnosis, Management. Philadelphia: WB Saunders; 1983:147. 


TABLE 12.3 Differentiating Acute, Chronic, and Cyclic Patterns of Vomiting 


Clinical Feature Acute Chronic Recurrent Cyclic Recurrent 


Epidemiology Most common Two-thirds of recurrent vomiting cohort One-third of recurrent vomiting cohort 


Acuity Moderate-severe, + dehydration 


Not acutely ill or dehydrated severe, dehydrated 


Vomiting intensity Moderate to high 


Recurrence rate No 


Low, 1-2 emeses/hr at the peak High frequency, ~6 emeses/hr at peak 


Frequent, >2 episodes per week Infrequent, <2 episodes per week 


Unique—/f child has had 3 similar No Yes 
episodes, consider cyclic pattern 


stereotypy 


Onset Variable Daytime Early morning 


symptoms Fever, diarrhea Abdominal pain, diarrhea Pallor, lethargy, nausea, abdominal pain 


Household contacts affected Usually No No 
Family history of migraine 
headaches 


14% positive 82% positive 


Causes Viral infections Ratio of GI to extra-Gl causes 7:1; 
upper GI tract mucosal injury most 
common (esophagitis, gastritis) 


Ratio of extra-Gl to GI causes 5:1; cyclic 
vomiting syndrome most common (also 
hydronephrosis, metabolic) 


From Li BUK, Kovacic K. Vomiting and nausea. In: Wyllie R, Hyams JS, Kay M, eds. Pediatric Gastrointestinal and Liver Disease. bth ed. 
Philadelphia: Elsevier; 2016:87. 


TABLE 12.4 Causes of Vomiting by Temporal Pattern 


Category 
Infectious 


Gastrointestinal 


Genitourinary 


Endocrine, metabolic 


Neurologic 


*Most common disorders. 


Acute 


Gastroenteritis* 

Otitis media ° 

Streptococcal pharyngitis 

Acute sinusitis 

Hepatitis 

Pyelonephritis 

Meningitis 

Inguinal hernia 

Intussusception 

Malrotation with volvulus 

Appendicitis 

Cholecystitis 

Pancreatitis 

Distal intestinal 
obstruction syndrome 

Pyelonephritis 

UPJ obstruction 


Diabetic ketoacidosis 


Concussion 
Subdural hematoma 
Encephalitis 
Migraine 


Toxic ingestion 
Chronic marijuana use 
Food poisoning 


Chronic 


Helicobacter pylori” 
Giardiasis 
Chronic sinusitis” 


Anatomic obstruction 
GERD + esophagitis™ 
Eosinophilic esophagitis * 
Gastritis” 


Peptic ulcer or duodenitis* 


Achalasia 

SMA syndrome 
Stricturing Crohn disease 
Pyelonephritis 

Pregnancy 

Uremia 


Adrenal hyperplasia 


Arnold-Chiari malformation 


Subtentorial neoplasm 


Rumination 
Functional 
Bulimia 
Pregnancy 


Cyclic 
Chronic sinusitis” 


Malrotation with volvulus 


Acute hydronephrosis secondary 
to UPJ obstruction 


Diabetic ketoacidosis 
Addison disease 

MCAD deficiency 

Partial OTC deficiency 
MELAS syndrome 

Acute intermittent porphyria 


Abdominal migraine* 
Migraine headaches* 
Arnold-Chiari malformation 
Subtentorial neoplasm 
Metabolic encephalopathy 


Cyclic vomiting syndrome* 
Factitious disorder by proxy 
(e.g., Ipecac poisoning) 


GERD, gastroesophageal reflux disease; MCAD, medium-chain acyl-CoA dehydrogenase deficiency; MELAS, mitochondrial myopathy, 
encephalopathy, lactic acidosis, and strokelike episodes; OTC, ornithine transcarbamylase deficiency; SMA, superior mesenteric artery; 


UPJ, ureteropelvic junction. 


From Li BUK, Kovacic K. Vomiting and nausea. In: Wyllie R, Hyams JS, Kay M, eds. Pediatric Gastrointestinal and Liver Disease. 5th ed. 


Philadelphia: Elsevier; 2016:88. 


TABLE 12.5 Differential Diagnosis of TABLE 12.6 Contents of Emesis 
Vomiting by Age 


Material Source Examples 
|. Newborn Undigested food Esophageal Stricture, achalasia 
A. Congenital obstructive gastrointestinal malformations: 
Atresias or webs of esophagus or intestine 


Meconium ileus or plug; Hirschsprung disease - 
B| errors of metabolism: Blood: red/brown Lesion above See Tables 12.13 and 


Digested food: curds Gastroduodenal Pyloric stenosis, bezoar 
Bile: green/yellow Postampullary Small bowel obstruction 


Organic acidemias, amino acidemias, hyperammonemias (urea ligament of Treitz 12.14 
cycle), adrenogenital syndromes Feculent: Bacterial overgrowth Stasis syndrome 
. Infant malodorous Colon obstruction Gastrocolic fistula 
A. Acquired or milder obstructive lesions: Necrotic bowel Ischemic injury, 
Pyloric stenosis, malrotation and volvulus, intussusception peritonitis 
B. Metabolic diseases, inborn errors of metabolism Acid: clear Gastric outlet Pyloric stenosis 
C. Nutrient intolerances (voluminous) obstruction Zollinger-Ellison 
D. Functional disorders: Increased gastric syndrome 
Gastroesophageal reflux secretion 
E. Psychosocial disorders: 
Rumination, injury from child abuse 
III. Child 
Most causes in Table 12.8 
IV. Adolescent 
Most childhood causes, plus pregnancy, drugs (of abuse, suicide), 
eating disorders 


Gastric, respiratory Sinusitis, eosinophilic 
mucus esophagitis 


Modified from Orenstein SR. Dysphagia and vomiting. In: Wyllie R, 
Hyams JS, eds. Pediatric Gastrointestinal Disease: Pathophysiology, 
Diagnosis, Management. Philadelphia: WB Saunders; 1993:147. 


TABLE 12.7 Temporal Associations of Chronic or Recurrent Vomiting 


Temporal Temporal 
Associations Diagnosis Other Clues Associations Diagnosis Other Clues 


Time of day: early Increased intracranial pressure Headache, Vestibular Motion sickness Nystagmus 
morning Sinusitis with postnasal mucus papilledema stimulation Vertigo 
Pregnancy Sinus tenderness Hyperhydration Ureteropelvic junction Spontaneous 
Uremia Secondary obstruction (“beer drinker’s resolution with 
amenorrhea kidney,” Dietl crisis) normal hydration 
During or after Menses Dysmenorrhea-associated Relief with NSAIDs 
meals vomiting Nonperitonitis pain, 
Any meals Peptic ulcer disease, reflux Epigastric pain, Acute intermittent porphyria distention, 
heartburn Pelvic inflammatory disease tachycardia, 
Specific foods See Tables 12.10, constipation 
TAI 1 Vaginal discharge 
Fructose Hereditary fructose intolerance Medications, Medication side effect: Opiate withdrawal 
Galactose Galactosemia toxins pancreatitis, hepatitis 
High protein Metabolic inborn error Hyperammonemia, Acute intermittent porphyria 
acidosis Steroid withdrawal: Addison 
Specific protein disease 
Cow, soy Cow's or soy milk intolerance Poisonings; NSAID stricture; 
Gluten Gluten-sensitive enteropathy Failure to thrive laxative, etc. 
(celiac) Ipecac abuse in anorexia 
Various Miscellaneous allergic, History of asthma, nervosa 
(especially eosinophilic hives, Teosinophils, | Episodic/cyclic Abdominal migraine, abdominal 
egg, wheat, gastroenteropathies family history epilepsy 
fish, nut, of allergies Pheochromocytoma 
chocolate, Porphyria 
strawberry) Familial dysautonomia 
After fasting Metabolic inborn error 
Food vomited Gastric stasis/obstruction Distention, tympany Familial Mediterranean fever 
Food not Metabolic disease See Tables 12.10, Malrotation and intermittent 
vomited 12.17, 12.18 volvulus 
Other precipitants Intermittent intussusception 


Cough Post-tussive Respiratory disease Self-induced 
Infections Metabolic see Tables 12.10, Cyclic vomiting 
Recurrent gastroenteritis WAT 12.18 


NSAIDs, nonsteroidal antiinflammatory drugs. 
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TABLE 12.8 Clues to the Diagnosis and 
Localization of the Cause of Emesis 


Associated 

Symptoms Diagnoses to Consider 

Local abdominal pain 
Epigastric 
Periumbilical 
Pelvic 


Peptic ulcer disease, reflux, pancreatitis 

Nonspecific or small intestinal obstruction 

Cystitis, pelvic inflammatory disease, ovarian 
torsion 

Hepatitis, pancreatitis, cholecystitis, biliary colic, 
duodenal hematoma/ulcer, right 
pyelonephritis, pneumonia, perihepatitis 

Peptic ulcer disease, pancreatitis, splenic 
enlargement or torsion, left pyelonephritis, 
pneumonia 

Appendicitis, right tuboovarian disease 

Left tuboovarian disease, sigmoid disease 

UPJ/renal obstruction or infection, biliary 
obstruction, adrenal hemorrhage 

UPJ/renal obstruction or infection, adrenal 
hemorrhage 


Right upper quadrant 


Left upper quadrant 


Right lower quadrant 
Left lower quadrant 
Right flank 


Left flank 


Other pain 
Headache Increased intracranial pressure 

Sinusitis with postnasal mucus 

Migraine 

Esophagitis, achalasia 

Pneumonia 

SLE, FMF, IBD 

Partial intestinal obstruction 

Infectious enteritis 

Poison, inborn error of metabolism 

Intestinal obstruction or dysmotility 
(oseudoobstruction) 

Hypercalcemia, hypokalemia, porphyria, lead 
poisoning 

Hepatitis, cholecystitis 

Hepatobiliary obstruction 

Metabolic disease 

Urinary obstruction or infection, pyloric stenosis 
(neonate) 

Metabolic, toxic (lead), central nervous system 
disease, porphyria, hepatic failure 

Encephalopathy 

Vertigo 

Visual changes 

Abnormal tone, seizure 

Full fontanel 


Chest pain, dysphagia 


Joint pain 
Diarrhea 


Constipation 


Jaundice 


Neurologic 


Cardiac 
Valvular disease 
Hypotension 
Hypertension 
Respiratory 
Urinary 


Mesenteric arterial thrombosis (or embolism) 

Mesenteric thrombosis, intestinal ischemia 

Pheochromocytoma 

Pneumonia, otitis, aspiration of vomitus 

Pyelonephritis, hydronephrosis, calculi, renal 
hypertension, cholestasis, porphyria 


Gynecologic 
Menstrual irregularity 
Vaginal discharge 
Menses-associated 


Pregnancy, ectopic pregnancy 
Pelvic inflammatory disease 
Porphyria, endometriosis, dysmenorrhea 


FMF, familial Mediterranean fever; IBD, inflammatory bowel disease; 
SLE, systemic lupus erythematosus; UPJ, ureteropelvic junction. 


Vague periumbilical pain is quite nonspecific, but the localized, very 
sharp pain signifying inflammation of the peritoneum requires imme- 
diate attention. Initial luminal obstruction may progress to later ileus 
as peritonitis intervenes. Localization of nonperiumbilical pain or ten- 
derness helps a great deal in determining the diseased intraabdominal 
organ (see Tables 12.8 and 12.9). 

Abdominal pain often represents luminal obstruction, ischemia, or 
perforation (surgical disease), but nonsurgical diseases must also be 
considered. These disorders include nonobstructive inflammatory dis- 
eases (infectious gastroenteritis, pancreatitis), metabolic crises (e.g., 
adrenal crisis), and poisonings (e.g., lead, narcotics, insecticides). 


Rectal Examination 


A rectal examination may be helpful in the vomiting child as the pres- 
ence and consistency of rectal stool may be determined. Simple fecal 
impaction may theoretically contribute to vomiting in young children, 
whereas liquid stools may suggest gastroenteritis. Pelvic masses and 
tenderness identified rectally may represent appendicitis, ovarian 
torsion, or pelvic inflammatory disease. The stool should always be 
tested for blood and should be considered for testing for pH, reducing 
substances, fat, leukocytes, and infectious organisms, depending on the 
situation. 


Laboratory Data 


Well-appearing infants with typical regurgitant reflux usually require 
no laboratory evaluation, except probably an upper gastrointestinal 
study if they do not respond readily to conservative therapy (see later 
discussion). Similarly, a single, brief episode of mild vomiting with a 
clear etiology and no suggestion of dehydration or other complications 
may necessitate no laboratory studies. Most other children—those 
with severe acute vomiting or with chronic or recurrent vomiting— 
should have screening studies of blood or urine (Table 12.11). Blood 
and urine screening for several metabolic disorders are positive only 
during an actual vomiting episode; therefore, attempts to obtain speci- 
mens at these times may increase the diagnostic yield. Examples 
include measuring serum lactate, serum and urine carnitine (possible 
fatty acid oxidation defect), and urine 6-aminolevulinic acid and por- 
phobilinogen (possible acute intermittent porphyria). 


Radiographic and Procedure Data 


If the history and physical examination suggest the possibility of 
abdominal disease, endoscopic evaluation or abdominal plain films 
(including a second image such as an upright film) are usually war- 
ranted (Table 12.12). Endoscopy is particularly useful in hematemesis, 
in suspected peptic ulcer disease, or when tissue is needed for histo- 
logic study (e.g., establishing a diagnosis of Helicobacter pylori gastritis 
or of eosinophilic gastroenteropathy). Radiographic testing is useful in 
most other situations. Further evaluation, such as contrast studies, 
ultrasonography, computed tomography (CT), or magnetic resonance 
imaging, is tailored to the suspected diagnoses. It should be noted that 
endoscopy may not be performed when barium contrast remains in 
the areas to be examined; therefore, if it is thought that contrast fluo- 
roscopy studies need to be followed by endoscopy, imaging should be 
performed with water-soluble contrast. In rare cases, manometric 
evaluation is prompted by the suggestion of motor dysfunctions, such 
as achalasia and chronic intestinal pseudoobstruction. 


® Differential Diagnosis 

General Approach 

Cardinal symptoms or signs accompanying the vomiting direct the 
differential diagnosis. Abdominal pain, which frequently accompanies 
vomiting, can suggest both the type of disorder (e.g., luminal 
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TABLE 12.9 Clinical Clues to Diagnosis 


Associated 
Symptom or Sign Diagnostic Consideration 
Systemic Manifestations 

Acute illness, Infection, ingestion, cyclic vomiting, possible 


dehydration Surgical emergency 


Chronic malnutrition Malabsorption syndrome 


Temporal Pattern 


Low-grade, daily Chronic vomiting pattern, e.g., upper GI tract 


disease (e.g., gastroesophageal reflux, functional 


disorders) 


Postprandial Upper GI tract disease (e.g., gastritis), 


gastroparesis, rumination, biliary disorders 


Relationship to diet Fat, cholecystitis, pancreatitis; protein allergy; 


hereditary fructose intolerance 

Early morning onset Sinusitis, cyclic vomiting syndrome, increased 
intracranial pressure 

High intensity Cyclic vomiting syndrome, food poisoning 

Stereotypical (well 


between episodes) 


Cyclic vomiting syndrome 


Rapid onset and 
subsidence 


Cyclic vomiting syndrome 


Character of Emesis 
Effortless 


Projectile 


Gastroesophageal reflux, rumination 

Upper GI tract obstruction 

Mucous Allergy, chronic sinusitis 

Bilious Postampullary obstruction, cyclic vomiting 
syndrome 

Bloody Esophagitis, prolapse gastropathy, Mallory-Weiss 
injury, allergic gastroenteropathy, bleeding 
diathesis 

Undigested food Achalasia 

Clear, large volume Meénétrier disease, Zollinger-Ellison syndrome 

Malodorous H. pylori , giardiasis, sinusitis, small bowel 


bacterial overgrowth, colonic obstruction 


Gastrointestinal Symptoms 
Nausea Absence of nausea can suggest increased 
intracranial pressure 


Associated 


Symptom or Sign 


Abdominal pain 


Diarrhea 
Constipation 


Dysphagia 


Visible peristalsis 
Surgical scars 
Succussion splash 
Bowel sounds 


Severe abdominal 
tenderness with 
rebound 


Abdominal mass 


Diagnostic Consideration 

Substernal, esophagitis; epigastric, upper Gl tract, 
pancreatic; right upper quadrant, cholelithiasis 

Gastroenteritis, bacterial colitis 


Hirschsprung disease, pseudoobstruction, 
hypercalcemia 


Eosinophilic esophagitis, achalasia, esophageal 
stricture 


Gastric outlet obstruction 
Surgical adhesions, surgical vagotomy 
Gastric outlet obstruction with gastric distention 


Decreased: paralytic ileus; increased: mechanical 
obstruction 


Perforated viscera and peritonitis 


Pyloric stenosis, congenital malformations, Crohn, 
ovarian cyst, pregnancy, abdominal neoplasm 


Neurologic Symptoms 


Headache 


Postnasal drip, 
congestion 


Vertigo 
Seizures 


Abnormal muscle tone 


Abnormal funduscopic 


exam or bulging 
fontanel 


Allergy, chronic sinusitis, migraine, increased 
intracranial pressure 


Allergy, chronic sinusitis 


Migraine, inner ear disease 


Epilepsy 
Cerebral palsy, metabolic disorder, mitochondrial 
disorder 


Increased intracranial pressure, pseudotumor 
cerebri 


Family History and Epidemiology 


Peptic ulcer disease 
Migraine headaches 
Contaminated water 


Travel 


Peptic ulcer disease, H. pylori gastritis 
Abdominal migraine, cyclic vomiting syndrome 
Giardia, Cryptosporidium , other parasites 


Traveler's (Escherichia coli) diarrhea, giardiasis 


H. pylori, Helicobacter pylori. 
From Li BUK, Kovacic K. Vomiting and nausea. In: Wyllie R, Hyams JS, Kay M, eds. Pediatric Gastrointestinal and Liver Disease. bth ed. 
Philadelphia: Elsevier; 2016:91. 


TABLE 12.1O When to Consider 
Metabolic Work-up 


Nutritional 
abnormalities 


Failure to thrive, anorexia 


Dietary provocations Fructose, galactose, protein, fasting 
Neurologic 


abnormalities 


Lethargy, coma 
Tone T or 4, developmental delay 


Seizures 
Liver abnormalities Hepatosplenomegaly 
Jaundice 
Respiratory 


abnormalities 


Apnea 
Hyperpnea (caused by metabolic acidosis or 
hyperammonemia) 


Odd odors (breath, 
urine, ear wax) 


Cabbage: tyrosinemia 

Sweaty feet: isovaleric acidemia 

Musty: phenylketonuria, hepatic coma (fetor 
hepaticus) 

Fruity: ketones (many, nonspecific) 

Maple syrup; maple syrup urine disease 


Other: 3-methylcrotonyl-CoA carboxylase deficiency 
Multiple carboxylase deficiency 

Acyl-CoA dehydrogenase deficiency 

Putrid: sinusitis 

Alcohol: alcohol ingestion 


Miscellaneous 
abnormalities 


Eye abnormalities (cataracts) 

Hair abnormalities (fragile) 

Pigmentation of skin (“tan”) and mucosa 

Adrenal calcifications 

Ambiguous genitalia 

Cardiomyopathy 

Family history of fetal or neonatal deaths; 
consanguinity 

Metabolic acidosis 

Hypoglycemia (hyperketonuric or hypoketonuric) 

Hyperkalemia (with hyponatremia) 

Hyperammonemia 

Hypertransaminasemia 

Anemia, leukocytopenia, thrombocytopenia 

Urinary non—glucose-reducing substance 

Urinary Fanconi syndrome 


screening study 
abnormalities 


*See also Tables 12.17 and 12.18. 


obstruction, inflammation, ischemia, or peritonitis) and the organ 
involved (see Table 12.8). Hematemesis leads to the considerations 
indicated in Tables 12.13 and 12.14. Symptoms referable to nongastro- 
intestinal organ systems direct attention to those systems. For example, 
accompanying neurologic symptoms may direct attention to central 
nervous system disorders, metabolic disease, poisonings, or psychobe- 
havioral disease. 


Gastrointestinal Obstruction 
Esophageal Obstruction 
Esophageal lesions produce welling up or drooling of oropharyngeal 
secretions or esophageal contents rather than actual vomiting; the 
material is, of course, undigested. Respiratory symptoms from aspira- 
tion may be prominent. 

Esophageal atresia. Infants with esophageal atresia present at 
birth with a prenatal history of polyhydramnios and intolerance of 
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initial feeding. The esophageal atresia is accompanied by a distal tra- 
cheoesophageal fistula in 85% of cases, by a proximal fistula in a small 
percentage, and by no fistula in the remainder (Fig. 12.1). Esophageal 
atresia is associated with other anomalies in 15-50% of patients; 
cardiac, anorectal, and genitourinary defects are most common. Ten 
percent of all esophageal atresia patients and 25% of those without a 
fistula have the VATER or VACTERL (vertebral, anorectal, cardiac, 
tracheoesophageal, renal, radial, limb) association. Others may have 
Fanconi anemia, where esophageal atresia may provide an early sign 
for making the diagnosis. As many as 33% of affected infants are pre- 
mature. Diagnosis can usually be made by plain films after passage of 
an opaque rubber catheter, which coils in the upper pouch (Fig. 12.2). 
Treatment is surgical. 

Esophageal stenosis. Children with esophageal stenoses present in 
later infancy and occasionally in adulthood. Stenoses are divided into 
tracheobronchial rings that often contain cartilage, fibromuscular ste- 
noses, and membranous webs. Diagnosis is by contrast radiography 
and may require pressure injections of contrast material if the stenosis 
is not tight. Tracheobronchial rings generally necessitate surgery, mem- 
branous webs can be treated with endoscopic dilation, and muscular 
stenoses may respond to dilation or may necessitate surgery. 

Esophageal strictures. Esophageal strictures are acquired lesions 
that may be caused by reflux esophagitis, but more commonly result 
from caustic ingestions (acid, alkali) or other causes (Fig. 12.3). 
The strictures are best demonstrated with contrast radiography; endo- 
scopic biopsies may be important for diagnosis of the etiology. Gas- 
troesophageal reflux disease (GERD) may be treated pharmacologically, 
but may also require a fundoplication; endoscopic dilation of the stric- 
ture is performed repeatedly with balloons or bougies until the stric- 
tured site remains patent. 


Pyloric Stenosis 


Pyloric stenosis manifests with nonbilious projectile vomiting begin- 
ning at 2-3 weeks of age and increasing during the next month or 
so, usually in a firstborn male child. The vomitus may contain some 
blood, and propulsive gastric waves can be seen on the abdominal wall. 
Dehydration, poor weight gain, metabolic alkalosis, and mild jaundice 
are sometimes evident. A palpable “olive” in the epigastrium (felt best 
during or after feeding) represents the hypertrophied pyloric muscle. 

Gastric distention is seen on the plain film, and a contrast study 
shows the “string sign” of contrast passing through the narrowed 
pyloric channel. Ultrasound diagnosis is less invasive (Fig. 12.4). Eosin- 
ophilia, eosinophilic infiltration of endoscopic antral biopsy speci- 
mens, and an excellent response to treatment with a casein hydrolysate 
or elemental “hypoallergenic” formula are suggestive of an allergic or 
idiopathic eosinophilic gastroenteropathy and not pyloric stenosis. In 
older children, gastric outlet obstruction may result from ulceration, 
chronic granulomatous disease, foreign bodies, and bezoars. Bezoars 
may be caused by hair, vegetable matter, milk curds, or medications. 
Long-acting formulated oral medications may also become bezoars in 
the distal intestine and cause obstruction. 


Intestinal Obstruction 


Rushes of bowel sounds associated with cramping and colic often 
indicate intestinal obstruction. Vomiting is a cardinal sign of intestinal 
obstruction, being more prominent in high small bowel obstruction 
than in low small bowel or colon obstruction. With high obstructions, 
vomiting is not feculent, the onset is often acute, and crampy pain may 
occur at frequent intervals; abdominal distention is minimal. With low 
obstructions, in contrast, the vomiting may be feculent and less acute 
in onset, the interval between cramping is longer, and distention is 

Text continued on p. 215 


TABLE 12.11 


Blood Test 
CBC 
Hct/Hb 


WBC (PMNs, 
bands) 


Eosinophils 


Platelets 


Electrolytes 
Na 


Cl 


Bicarbonate 


Glucose 


BUN 
Creatinine 
Calcium 
Blood gas 


ALT, AST 
GGT, ALP 
Bilirubin 


Conjugated 


Findings 
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Possible Significance 


Dehydration: general vomiting 

Hematemesis; metabolic; chronic 
malnutrition; hypersplenism; hemolysis 
(e.g., sickle cell) 


Sepsis; inflammatory/ischemic lesions 

Metabolic; sepsis; viral; hypersplenism; 
malnutrition 

Allergic (eosinophilic gastroenteropathy), 
parasitic, Addison disease 


Inflammatory (e.g., inflammatory bowel 
disease) 
Hematemesis; metabolic; hypersplenism 


Adrenal insufficiency; general vomiting 

Salt poisoning, dehydration 

General vomiting 

Adrenal insufficiency; uremia; bleeding; 
digitalis; diuretics (e.g., spironolactone) 


Adrenal insufficiency; general vomiting 
Salt poisoning, hypernatremic dehydration 


General vomiting, pyloric stenosis 

Metabolic; adrenal insufficiency; poison; 
renal tubular acidosis; severe diarrhea; 
shock 


Metabolic: diabetic ketoacidosis 
Metabolic, toxins 


Dehydration, hematemesis 
Dehydration, renal failure 
Hypercalcemia 


Metabolic disease; adrenal insufficiency; 
poison; severe diarrhea; shock 


Hepatitis; metabolic 

Biliary obstruction 

Hepatitis; metabolic; hemolysis (e.g., 
sickle cell) 

Biliary obstruction 


Diagnostic Tests: Blood and Urine 


Findings 
Amylase, lipase 
NH, 


Ketones 
Amino acids 
Organic acids 
IgE, RAST 
[especially 
foods) 
PRRI 


Toxicology 
Culture 


Urine Test 
pH 
WBC 
Protein, casts 
Blood 
Bilirubin 
Electrolytes 
Na 
K 
Cl 


Bicarbonate 
Ketones 


Reducing 
substance 
Glucose 
Nonglucose 


Fanconi 
syndrome 


FeCl 

Amino acids 
Organic acids 
Toxicology 
Culture 


Possible Significance 
Pancreatitis 


Metabolic, liver failure, Proteus urinary 
infection 


Metabolic, fasting/starvation 
Metabolic 

Metabolic 

Allergic enteropathies 


Hematemesis, coagulopathy, liver failure, 
poisoning 

Drug; poison 

Sepsis; ischemic/perforated bowel 


General vomiting 

Urinary tract infection 

Renal disease 

Urinary tract infection or bleeding 
Liver disease, hemolysis 


General vomiting 
General vomiting 
General vomiting 


General vomiting 
Metabolic, fasting/starvation 


Diabetic ketoacidosis 
Galactosemia 


Metabolic 


Metabolic 

Metabolic 

Metabolic 

Drug; poison 

Urinary tract infection; sepsis 


ALP, alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate aminotransferase; BUN, blood urea nitrogen; CBC, complete blood 
count; Cl, chloride; FeCl, iron chloride; GGT, y-glutamyltransferase; Hct/Hb, hematocrit/hemoglobin; IgE, immunoglobulin E; K, potassium; 
metabolic, inborn error of metabolism; Na, sodium; NH,, ammonium; Pco;,, partial pressure of carbon dioxide; PMNs, polymorphonuclear 
neutrophils; PT, prothrombin time; PTT, partial thromboplastin time; RAST, radioallergosorbent test; WBC, white blood cell count; +, present; 
T, increased; J, decreased; (J), may or may not be decreased. 
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TABLE 12.12 Other Diagnostic Tests 


Test Findings Possible Significance 
Imaging 
Routine Isolated/distended loops Obstruction, ischemia 
Plain abdomen “Ladder” pattern Small bowel obstruction 
“Inverted U” pattern Distal colon obstruction 
Double bubble Duodenal atresia 
Calcifications Biliary, renal stones, appendicitis 
Free air Intestinal perforation 
Free fluid Ascites 
Foreign bodies Foreign body 
Organomegaly, masses Organomegaly, masses 
Upright abdomen Air-fluid levels T Secretion: gastroenteritis 
Obstruction 
Laterals, decubitus Free air Perforation 
Chest film Heart or lung disease; free air Heart or lung disease; perforation 
Barium 
Upper fluoroscopy Malrotation; obstructions Volvulus; obstructing lesions 
Enteroclysis Distal obstructions Distal small bowel lesions 
Lower fluoroscopy Mass, obstruction, intussusception Therapeutic: intussusception 
Gastrografin 
Upper fluoroscopy 
Lower fluoroscopy Therapeutic: meconium ileus, DIOS 
Ultrasonography Mass, cyst, abscess; pyloric stenosis; hepatobiliary, pancreatic, urinary, 
gynecologic lesions; blood flow in vessels 
CT/MRI abdomen Mass, cyst, inflammatory lesions; hepatobiliary, pancreatic, urinary, gynecologic 
lesions 
MARI/CT head CNS lesions Neurogenic vomiting 
Endoscopy 
Upper 
Diagnostic Diagnosis: obstruction, hemorrhage, Giardia or Helicobacter pylori infection Obstruction, hemorrhage 
Therapeutic Therapeutic: hematemesis 
Lower 
Diagnostic Diagnosis: distal obstruction, infection Obstruction, infection 
Therapeutic Therapeutic: sigmoid volvulus 
Manometry 
Esophagus Failure of sphincter relaxation Achalasia 
Dysmotility Pseudoobstruction 
small bowel Dysmotility Pseudoobstruction 
Rectum/colon Failure of sphincter relaxation Hirschsprung disease 
Dysmotility Pseudoobstruction 


CNS, central nervous system; CT, computed tomography; DIOS, distal intestinal obstruction syndrome: cystic fibrosis; MRI, magnetic 
resonance imaging. 


TABLE 12.13 Hematemesis 


Source of 
Blood 


Nasopharynx, 
respiratory 


Esophageal 


Gastroduodenal 


Extrinsic 
Maternal 


Factitious 
Nonblood 


Lesion 
Epistaxis 
Hemoptysis 


Varices 

Esophagitis, Barrett 
ulcer 

Foreign body erosion 

Aortoesophageal 
fistula 

Duplication 


Mallory-Weiss tear 
Peptic ulcer disease 


Gastritis, ulcer 
Duodenitis, ulcer 
Stress ulcer 
Dieulafoy ulcer 
Vascular 
malformation 
Aortoenteric fistula 


Duplication 
Pyloric stenosis, web 
Hemobilia 


Intrapartum 

Mastitis, cracked 
nipples 

Psychologic 

Red or brown food 
or medicine 


Clues Regarding 
Source 


Nosebleed history 

Cough, other respiratory 
symptoms 

Copious blood; splenomegaly 

Heartburn 


Foreign body history 
Copious blood; esophageal 
intubation 


Emesis before hematemesis 

History: smoking, alcohol, 
NSAIDs, pain, relation to 
meals 


Recurrent (may have a 
negative endoscopy) 

“Herald bleed,” arterial graft 
or aneurysm 


Trauma, gallstones, pain, 
jaundice 


Apt test 
Maternal history, Apt test 


Affect, secondary gain 
Guaiac-negative 


TABLE 12.14 Hematemesis: Causes Not 
to Miss and Red Flags 


Finding 
Coagulopathy (PT T, 
PTT T) 


Etiology 
Vitamin K deficiency 


Genetic 
coagulopathies 
Liver failure 


DIC 
Drug 
Warfarin 
(Coumadin) 
Heparin 
Thrombocytopenia 
(platelets }) 


Hypersplenism 
Chemotherapy 


DIC 
Platelet dysfunction Drug 
(bleeding time T) Salicylates/ 
NSAIDs 
Antibiotics 


Portal hypertension Varices; gastritis 


Physical Examination 
and Laboratory 
Studies: Clues 
Regarding Source 


Newborn, antibiotics, fat 
malabsorption 
Specific factor deficiencies 


Liver disease, factor 

VIII normal 
Sepsis, factor VIII J 
Drug history 


Splenomegaly (Hct J, 
WBCJ) 

Chemotherapy history (Hct 
J, WBC J) 

Sepsis (PT T, PTT T) 


Drug history 


Splenomegaly 

Abdominal veins; angiomas 
Ascites 

Clubbing; palmar erythema 


DIC, disseminated intravascular coagulation; Hct, hematocrit; NSAIDs, 
nonsteroidal antiinflammatory drugs; PT, prothrombin time; PTT, 
partial thromboplastin time; WBC, white blood cell count. 


Esophageal atresia Esophageal atresia H-type TEF 
with distal TEF with no TEF (4%) 
(85%) (8%) 


FIGURE 12.1 Various types of 
tracheoesophageal fistulas (TEF) 
with relative frequency (%). 


Esophageal atresia 
with proximal TEF 
(2%) (1%) 


Esophageal atresia 
with proximal and distal TEF 
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FIGURE 12.3 Esophageal stricture. Radiograph of a peptic esophageal 
stricture (arrow) before and after treatment with dilations. 


FIGURE 12.2 Tracheoesophageal fistula. Coiled radiopaque nasogas- 
tric tube in blind upper pouch. 


FIGURE 12.4 Pyloric stenosis. Cross-sectional (/eft) and transverse (right) sonograms of hypertrophic pyloric 
stenosis, showing increased thickness and length of pyloric muscle. pc, pyloric channel. 


more notable. Identification of the site of obstruction is aided by the 
plain film and by other radiographic studies (see Table 12.12). 

Obstructions may be categorized by type and site. Intraluminal 
lesions (e.g., tumors; intussusceptions; or extrinsic material such as 
feces, foreign bodies, bezoars, and gallstones) can be differentiated 
from bowel wall lesions (strictures, stenoses, atresias) and from extralu- 
minal lesions (adhesions, congenital bands, tumors, volvulus). Radio- 
graphic studies are useful, beginning with the plain film and progressing 
to ultrasonography or CT. Fluoroscopy with contrast material such as 
barium or diatrizoate (Gastrografin, Hypaque, water-soluble contrast) 
is very helpful in identifying both the site and the type of obstruction, 
but the decision to introduce contrast into an intestine that may per- 
forate or be operated on must be made with surgical and radiologic 
consultation. Often the decision to operate can be made without 
certain identification of the lesion, and contrast studies are 
unnecessary. 

Infantile bilious vomiting is an important symptom of intestinal 
obstruction, which often signals a congenital gastrointestinal anomaly, 
particularly intestinal obstruction below the ampulla of Vater. Surgical 
consultation is needed early in these infants because they often require 
emergency therapy (Table 12.15). 

Duodenal atresia, stenosis, and web; annular pancreas. The jux- 
taampullary duodenum is susceptible to a cluster of obstructing con- 
genital anomalies. Infants with complete duodenal obstruction, most 
commonly atresia, present with bilious vomiting and a radiographic 
“double-bubble” sign (Fig. 12.5). Associated prematurity (and polyhy- 
dramnios) or anomalies, including renal, cardiac, and vertebral defects, 
occur in approximately 75% of infants; trisomy 21 is seen in about 
50%. Double atresias, duplications, and malrotations are frequently 
seen. Infants with a partial duodenal obstruction caused by a stenosis 
or web may have such mild symptoms that they do not come to 
medical attention until regurgitation produces esophagitis or until a 
foreign body or bezoar is trapped at the obstruction. Treatment is 
surgery. 

Duodenal hematoma. Blunt abdominal trauma (seatbelt injury, 
child abuse), or even endoscopic biopsies in the context of a coagu- 
lopathy, can produce an obstructing duodenal hematoma. Endoscopy 
in the setting of stem cell transplantation or other hematopoietic 
disease may place a patient at greater risk of such hematoma, requiring 
special consideration of the need for duodenal biopsies in these indi- 
viduals. Therapy is symptomatic; jejunal feeding that bypasses the 
obstruction or parenteral nutrition may be required as the problem 
resolves. 

Jejunal atresia, ileal atresia, and ileal stenosis. Patients with 
these congenital lesions present with bilious vomiting and more 
abdominal distention than those with duodenal lesions. The atresias 
are readily suspected and diagnosed in the neonatal period. Ste- 
notic lesions may require radiography for diagnosis. Treatment is 
surgical. 

Intestinal strictures. Strictures produce partial obstruction of the 
gastrointestinal tract and may be located from the esophagus to the 
anus. They may occur postsurgically (anastomotic), may follow necro- 
tizing enterocolitis, may be caused by Crohn disease, or may result 
from ingestion of nonsteroidal antiinflammatory medications or high- 
dose pancreatic enzymes. Some patients may be treated with endo- 
scopic dilatation, but many require surgical stricturoplasty (opening 
the bowel longitudinally and closing it transversely) or resection. 

Adhesions. Obstructive symptoms in the child with a history of 
prior abdominal surgery may be caused by adhesive bands. 

Duplications. These uncommon lesions may cause vomiting by 
extrinsic obstruction of the intestine or by intussusception. An abdom- 
inal mass may be palpable. 
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TABLE 12.15 Causes of 
Gastrointestinal Obstruction 


Esophagus 

Congenital Esophageal atresia (with or without fistula) 
Isolated esophageal stenosis 
Duplication 
Vascular ring 


Acquired Caustic agent esophageal stricture 
Peptic stricture 
Chagas disease 
Collagen vascular disease 


Stomach 
Congenital Antral webs 


Acquired Pyloric atresia 
Bezoars/foreign body 
Pyloric stenosis 
Pyloric stricture (ulcer) 
Crohn disease 
Eosinophilic gastroenteropathy 
Prostaglandin-induced pyloric stenosis 
Chronic granulomatous disease 


Small Intestine 

Congenital Duodenal atresia 
Annular pancreas 
Malrotation/volvulus 
Malrotation/Ladd bands 
lleal atresia, stenosis 
Duplications 
Meconium ileus 
Inguinal hernia 
Gastroschisis 


Acquired Postsurgical adhesions or strictures 
Crohn disease (stricture) 
Intussusception 
Duodenal hematoma (abuse, trauma) 
Meconium ileus equivalent 


Colon 

Congenital Meconium plug 
Hirschsprung disease 
Colonic atresia, stenosis 
Imperforate rectum/anus 
Rectal stenosis 
Malrotation/volvulus 
Small left colon syndrome (IDM) 


Acquired Ulcerative colitis (toxic megacolon)’ 
Crohn disease (stricture) 
Chagas disease 
stricture post-NEC 


*Often associated with epidermolysis bullosa. 

"Produces an ileus. 

IDM, infant of diabetic mother; NEC, necrotiing enterocolitis. 

From Behrman R, Kliegman R. Nelson Essentials of Pediatrics. 2nd 
ed. Philadelphia: WB Saunders; 1994:407. 
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FIGURE 12.5 “Double-bubble” sign (arrow) in duodenal obstruction. 


FIGURE 12.6 Meconium ileus. 


Meconium ileus and distal intestinal obstruction syndrome 
(DIOS). Ten percent of infants with cystic fibrosis present in the 
newborn period with failure to pass meconium, caused by meconium 
ileus (Fig. 12.6). The inspissated meconium may be treated by diatri- 
zoate (Gastrografin) enema, but some infants require surgery, particu- 
larly if they have a perforated viscus, which occurs prenatally in 10% 
and produces a calcified meconium peritonitis. Virtually all infants 
with meconium ileus have cystic fibrosis; the diagnosis should be con- 
firmed by sweat test or DNA analysis. Older children with cystic fibro- 
sis who stop defecating and have abdominal pain and occasionally 
vomiting are said to have distal intestinal obstruction syndrome 
(DIOS), formerly termed meconium ileus equivalent. 

The sticky, poorly hydrated intestinal mucus plays a role. Initial 
treatment with intestinal lavage and enemas may be successful, but, 
if not, diatrizoate (Gastrografin) enemas (at times mixed with 
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FIGURE 12.7 Intestinal obstruction. 


N-acetylcysteine) are nearly always successful. Surgery is rarely 
required. Close attention to fluid and electrolyte balance is vital in all 
infants and children treated with a hypertonic contrast medium such 
as diatrizoate (Gastrografin). 

Incarcerated hernia. Whenever vomiting is accompanied by signs 
of obstruction, sites of potential herniation should be examined for 
incarceration of a loop of bowel (Fig. 12.7). Inguinal incarceration is 
most common, but other types of hernias are femoral, obturator, spi- 
gelian, umbilical (1 in 1500 incarcerate), epigastric, mesenteric, and 
postoperative incisional hernias. 

Inguinal hernias are often reduced by gentle, firm, constant pres- 
sure that is directed through the scrotum toward the inguinal canal. 
Sedation and the Trendelenburg position may facilitate reduction. 

Malrotation and volvulus. Volvulus is the twisting of a loop of 
bowel on the mesentery. Midgut volvulus occurs most often in the 
context of congenital intestinal malrotation, in which the small intes- 
tine is not normally fastened in place. This may only be clinically 
apparent on upper GI fluoroscopy when the duodenum and distal 
small bowel is seen to fill with contrast right of midline without cross- 
ing to the left upper quadrant (Fig. 12.8). More than half of patients 
found to have malrotation present symptomatically (the rest of such 
cases are discovered incidentally), and about half of the symptomatic 
patients present in the neonatal period with bilious vomiting caused 
by volvulus. Those presenting later often do not have bilious vomiting; 
the vomiting may be intermittent for years. 

Volvulus is an extremely hazardous obstructing lesion. The luminal 
obstruction is closed at both ends, which leads to sepsis from rapidly 
proliferating and translocating bacteria. There is also vascular obstruc- 
tion in which the root of the mesentery is twisted, which quickly 
produces ischemia of the small intestine. Even if volvulus is diagnosed 
and repaired promptly, massive intestinal resection may be necessary; 
this produces short bowel syndrome. Because volvulus may be inter- 
mittent, it may produce episodic or chronic intermittent vomiting or 
nonspecific abdominal pain before a lethal event. Upper intestinal 
contrast radiographs should be considered in the intermittently regur- 
gitating infant, and surgery must be performed if a malrotation is 


FIGURE 12.8 Contrast fluoroscopy (upper GI series) demonstrating 
malrotation. Note the small bowel fills with contrast all to the right of 
midline and does not cross over the left upper quadrant where the liga- 
ment of Trietz would be normally located. 


found (i.e., if the ligament of Treitz is not to the left of the spine), even 
if volvulus is not present at the time of the examination. In an infant 
in whom an ongoing volvulus is suspected, an abdominal flat plate may 
show a “double bubble with distal air” or a “volvulus/corkscrew” 
pattern. In the sick infant or child in whom volvulus seems likely, 
surgery without contrast studies may be preferred. Surgery deals both 
with the malrotation and with the often-accompanying, potentially 
obstructing Ladd bands. 

Other types of volvulus not associated with malrotation include 
cecal, sigmoid, and transverse colonic volvulus. They are less common 
in children and less apt to produce short bowel syndrome, but they, 
too, may manifest with vomiting and result in death if untreated. 
Sigmoid volvulus is sometimes treated nonoperatively. 

Meckel diverticulum. Meckel diverticula may cause obstructive 
vomiting by intussusception (Fig. 12.9) or by intestinal volvulus 
around a fibrous band. They may also cause vomiting by inflammatory 
changes, and they may bleed. This fibrous remnant of the omphalo- 
mesenteric duct is a small intestinal diverticulum. The “rule of 2s” 
identifies characteristic findings: These diverticula are present in 2% 
of the population; the male-female ratio is 2:1; the diverticula occur 
within 2 feet of the ileocecal valve and are 2 inches long; there are 2 
major types of heterotopic mucosa (50% of patients have gastric 
mucosa, and a minority have pancreatic mucosa; in rare cases, colonic 
mucosa is present); the condition is confused with 2 diseases (appen- 
dicitis and peptic ulcer); and there are 2 complications (hemorrhage 
occasionally with perforation or intussusception). 

Diagnosis of the ectopic gastric mucosa is by Meckel scan (techne- 
tium 99m pertechnetate); it has imperfect sensitivity, which may be 
improved by pentagastrin, glucagon, and cimetidine. Treatment is 
surgical. 

Intussusception. The normal function of the intestine is to con- 
strict above and relax below an intraluminal bolus. When such a 
bolus (a “lead point”) is attached to the intestinal wall, the propulsive 
activity of the intestine produces telescoping of proximal intestine 
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FIGURE 12.9 Enteroenteric intussusception (arrows). 


(intussusceptum) into distal intestine (intussuscipiens), causing both 
luminal obstruction, and mesenteric vascular compromise. Abdominal 
pain occurs in nearly all children with intussusception, whereas vom- 
iting results in about 65%, and “currant-jelly stools” (from mucosal 
hemorrhage) occur in fewer than 20%. The pain is severe, crampy, 
and often contemporaneous with the vomiting. Between cramps, the 
child may be listless, may sleep, or may even play. Vomiting and bloody 
stools are more common in younger infants and in those with longer 
duration of symptoms. An abdominal mass is palpable in about 25% 
of patients. 

The lead point of the intussusception is usually ileal, with the intus- 
susception ileocecal or ileocolonic. It is probable that prominent ileal 
lymphoid nodules provide the lead point for most young children 
presenting with intussusception, 66% of whom are younger than 2 
years, with a peak incidence late in the 1st year of life. Other lead points 
(Meckel diverticulum [see Fig. 12.9], appendix, duplication, polyp, 
lymphoma, hematoma from trauma or from Henoch-Schoénlein 
purpura) or disorders (cystic fibrosis) must be considered in the very 
young or older child presenting with intussusception. Transient recur- 
rent small bowel intussusception may also be a feature of celiac disease. 

Visualization may be by ultrasonography if the diagnosis is uncer- 
tain but is more often by radiographic studies, inasmuch as radiologic 
reduction enemas are usually curative in infants. 

Treatment is by hydrostatic reduction with barium; rectal insuffla- 
tion of air has also been used but may be less able to document a lead 
point that necessitates surgical resection. Contraindications to reduc- 
tion by hydrostatic enemas include the presence of symptoms for 
longer than 48-72 hours, peritonitis, and intestinal perforation. 
Approximately 10% of patients experience recurrences. 

Superior mesenteric artery syndrome. Superior mesenteric artery 
(SMA) syndrome is caused by extrinsic compression of the duodenum, 
which is trapped between the SMA anteriorly and the aorta posteriorly 
as the SMA crosses over the duodenum in the root of the mesentery. 
The compression is usually just to the right of midline, where it pro- 
duces a cutoff of the duodenum that is visible radiographically, often 
with proximal dilation. Synonyms include Wilkie syndrome, arterio- 
mesenteric duodenal compression, and cast syndrome. 


SMA syndrome may be suspected when bilious emesis and epigas- 
tric discomfort relieved by vomiting occur in the context of weight loss, 
lordosis, body casts, lengthy bed rest, or prior abdominal surgery, par- 
ticularly when crampy pain is relieved by prone or knee-chest posi- 
tions. Adolescents and young adults are most often affected. 

Nutritional rehabilitation, either intravenously or by the enteral 
route, is important in SMA syndrome. The prone position may improve 
duodenal emptying. Surgery may be needed if there are chronic symp- 
toms despite nutritional rehabilitation. 

Constipation, meconium plug, and anal stenosis. These distal 
colonic problems produce obstipation primarily, but if they are severe 
and persistent, vomiting may result. Rectal examination provides the 
diagnosis. Enemas, laxatives, dietary changes, and behavioral modifica- 
tion are useful in treating constipation, whereas surgery is usually 
necessary to treat anal atresia or stenosis. Infants with meconium plug 
syndrome need clinical follow-up to monitor for the presence of coex- 
istent Hirschsprung disease. 


Gastrointestinal Dysmotility 

Achalasia 

Achalasia, like esophageal stenoses and strictures, produces effortless 
retrograde emptying of undigested food from the esophagus. Contrast 
radiography and esophageal manometry are needed for diagnosis. 
Nifedipine, sildenafil, and botulinum toxin have been reported to 
produce at least temporary clinical benefit in many patients, but ulti- 
mately balloon pneumatic dilation or surgical myotomy are required 
for sustained benefit. 


Gastroesophageal Reflux 


The apparently effortless regurgitation that represents gastroesophageal 
reflux in infants is of particular importance because (1) it is the most 
common cause of “vomiting” in infants; (2) physiologic reflux must be 
distinguished from reflux necessitating evaluation and therapy; and (3) 
the practitioner must be vigilant to avoid misdiagnosing other infantile 
vomiting diseases as reflux. Lethal malrotation with volvulus, partially 
obstructing duodenal web, and metabolic disorders are 3 examples of 
such misdiagnoses. Children with primary neurologic disease may be 
more likely to regurgitate and suffer from reflux disease; it must be 
remembered that many metabolic disorders manifest both as neuro- 
logic dysfunction and as regurgitation. 

Reflux typically is a benign feature in healthy infants that improves 
and resolves in a predictable manner as a function of growth, develop- 
ment, acquiring upright positions, and introducing some solids in the 
diet. In these infants, regurgitation will be effortless and will not 
have associated failure to gain weight, feeding problems, or airway 
symptoms. 

Infants with more problematic regurgitant reflux who come to 
medical attention should undergo upper gastrointestinal radiography 
to rule out the possibility of malrotation. Reflux may cause failure to 
gain weight (resulting from regurgitation of caloric feedings, odyno- 
phagia from esophagitis, or parental reluctance to feed a recurrently 
spitting infant), apnea, chronic respiratory disease, hoarseness or 
stridor, abdominal or chest pain, infantile irritability, or Sandifer syn- 
drome (arching of the spine and turning of the neck). Regarding 
Sandifer syndrome, while the term is still utilized in the description of 
infants with reflux by some, one should recall that the original pub- 
lished description from 1964 described the sign in older children with 
profound neurologic impairment, and not in otherwise unremarkable 
healthy infants. Diagnostic evaluation should be tailored to the presen- 
tation: Regurgitation prompts barium contrast radiography with fluo- 
roscopy; anorexia or infantile irritability prompts evaluation for 
esophagitis by endoscopy with esophageal biopsy, esophageal biopsy 
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alone if feasible, or possibly pH study if no response to a 2-week trial 
of hypoallergenic formula and/or acid suppression is noted; apnea 
prompts pH or impedance study to be conducted with a sleep study 
(especially if the apnea is repetitive); hoarseness or stridor prompts 
laryngoscopy, endoscopy for esophageal histologic study, or possibly a 
trial of aggressive therapy that may include proton pump inhibitor 
(PPI) agents; heartburn prompts a 2- to 4-week trial of either 
histamine-blocking or PPI agents, followed by endoscopy if no 
response is seen or if symptoms resume as medication is tapered. In 
the setting of asthma, signs or symptoms of reflux should prompt 
evaluation by endoscopy with biopsies and pH/impedance testing. 
Coincident reflux disease or eosinophilic esophagitis require treat- 
ment; in settings where these are not found, empirical treatment of 
asthma with acid suppression is not effective and therefore not 
warranted. 

Treatment of regurgitant reflux in infants is initiated with avoid- 
ance of seated or supine positioning (particularly postprandially) and 
with thickening of the feedings with 1 tablespoon of dry rice cereal per 
ounce of formula. In many infants, this reduces regurgitation remark- 
ably. Problematic regurgitation persisting during this treatment, par- 
ticularly if associated with poor weight gain or other signs of illness, 
necessitates upper gastrointestinal fluoroscopic evaluation and consid- 
eration of other causes for the vomiting, such as metabolic or allergic 
disease. A 2-week trial of a protein hydrolysate or elemental formula 
as empirical therapy for allergic vomiting (formula protein intoler- 
ance) may be helpful, particularly if there is a family history of allergy 
or if there is peripheral eosinophilia. If the diagnosis remains reflux, a 
prokinetic agent is frequently begun. Metoclopramide may be used; 
although its efficacy in reflux has never been proved, its therapeutic 
margin is narrow, and its side effect profile is concerning. An oral H,- 
receptor antagonist or proton pump inhibitor is added if esophagitis 
is suspected or documented. In view of the current limitations and 
uncertainties surrounding prokinetic agents, however, many infants 
and children may be adequately managed with aggressive acid suppres- 
sion alone. 

Management is re-evaluated at least every 2 months for the need 
to increase doses, to discontinue medications, or to re-evaluate the 
diagnosis. Infants with reflux usually improve on this management, 
which can usually be discontinued between 8 and 18 months of age, 
as symptoms resolve. The rare infant who does not improve and devel- 
ops nutritional, respiratory, or peptic complications from reflux is 
evaluated for surgical fundoplication (Fig. 12.10). 


Gastric Stasis and Gastroparesis 


Gastric stasis is suggested by the vomiting of food eaten hours earlier 
and by the presence of food in the stomach of a fasting patient under- 
going an upper gastrointestinal series. If the contrast study excludes 
gastric outlet obstruction, gastroparesis is likely. Diabetic gastroparesis, 
in which autonomic neuropathy resulting from diabetes causes gastric 
atony, is the classic example of this disorder but is rare in childhood. 
Surgical vagotomy produces similar symptoms (typically in the setting 
of operated congenital heart disease). Other causes of generalized ileus 
or pseudoobstruction can involve the stomach primarily. Viral infec- 
tions, perhaps including gastric cytomegalovirus, and drugs such as 
anticholinergics may also produce gastric stasis. 

Gastric stasis may respond to the prokinetic agents, erythromycin 
or metoclopramide, particularly if the cause is neurogenic. These med- 
ications may have additive effects. 


lleus 


Paralytic ileus, typified by the postoperative ileus that follows 
most abdominal surgery, is very common. As in intestinal obstruction, 


CHAPTER 12 


Vomiting and Regurgitation 


FIGURE 12.10 Diagrams of a Nissen fundoplication. 


intestinal contents fail to progress, causing abdominal pain and vomit- 
ing. Typically, the bowel sounds are decreased or absent; there may be 
abdominal distention. Other causes of ileus include unrelieved intes- 
tinal obstruction, peritonitis, Intestinal ischemia, and sepsis. Signs of 
ileus may follow signs of intestinal obstruction; in this context, ileus is 
an ominous sign. Other causes of paralytic ileus are drugs (phenothi- 
azines, narcotics, laxative abuse, atropine), electrolyte disturbances 
(hypokalemia, hypercalcemia), endocrinopathies (hypothyroidism), or 
injuries (spinal fractures). Both chemotherapy and radiation therapy 
can produce reversible acute symptoms of vomiting, abdominal pain, 
and diarrhea within a few days to several weeks of the insult; intestinal 
motor disturbances are the suggested cause. 

Treatment of ileus requires correction of any correctable provoca- 
tive abnormalities and nasogastric tube decompression until normal 
peristalsis begins. 


Pseudoobstruction 


Intestinal pseudoobstruction represents intestinal dysmotility rather 
than obstruction. Pseudoobstruction is a chronic illness, sometimes 
with remissions and relapses, and is far rarer than acute ileus. 
Enteroclysis radiographic studies may be necessary to confirm the 
absence of partial obstruction. There is a family history in 20-30% 
of patients, and nearly 50% of children with the disorder are symp- 
tomatic in the Ist month of life, although diagnosis is often quite 
delayed. Malrotation may be found in up to 40% of patients with 
pseudoobstruction. The disorder may involve any part or the entire 
luminal gastrointestinal tract and occasionally (in up to 10% of 
patients) involves the urinary tract. A relatively quiet abdomen or 
prominent borborygmi may be present, and abdominal distention 
(in 70% of patients) is often associated with succussion splashes 
when the patient moves. Vomiting occurs in 50% of patients, and 
constipation may be prominent (in >50%). Weight loss is caused 
by both vomiting of nutrients and by bacterial overgrowth—induced 
malabsorption. 

Several causes for pseudoobstruction have been identified; they are 
generally classified as either neuropathic or myopathic. Familial versus 
nonfamilial and primary versus secondary are 2 other classifications. 
Differentiation between neuropathic and myopathic types is best made 
by small intestinal manometry; esophageal manometry may contribute 
as well. Full-thickness intestinal biopsy is sometimes useful for distin- 
guishing specific entities causing the disorder; special silver stains of 
the myenteric plexus are particularly helpful. The myopathic causes (in 
10% of pediatric patients, a much lower proportion than that of 
adults) include collagen vascular causes of myositis or muscle fibrosis 
(progressive systemic sclerosis), various muscular dystrophies, 
megacystis-microcolon, and “familial visceral myopathies.” The neuro- 
pathic causes (90%) include Hirschsprung disease, Chagas disease, 


diabetic and other autonomic neuropathies, autoimmune disorders 
producing inflammatory neurodegeneration, multiple endocrine neo- 
plasia, and “familial visceral neuropathies.” Both types of pseudoob- 
struction are difficult to manage; the myopathic form, representing 
dysfunction of the “end organ,” is particularly difficult. 

A 3rd category that is sometimes included in the myopathic type is 
fibrotic involvement of the muscularis propria. It may follow collagen 
vascular diseases, radiation therapy (>6 months after), or chemother- 
apy by months or years, causing either myopathic pseudoobstruction 
or obstruction resulting from inflammatory strictures. 

Functional failure of intestinal propulsion can be treated with 
erythromycin or metoclopramide. These medications are more apt to 
be useful in neurogenic disorders than in myogenic ones. Because of 
their different sites of action, they may have additive effects. Patients 
with pseudoobstruction also benefit from antibiotic treatment of 
bacterial overgrowth syndrome, when present, or from nutritional 
rehabilitation with total parenteral nutrition. Collagen vascular or 
autoimmune causes of pseudoobstruction may respond to steroids. 
Cautious surgery is occasionally beneficial; some patients eventually 
require intestinal transplantation. 


Gastrointestinal Inflammation 

Esophagitis 

Esophagitis may be associated with vomiting in the setting of eosino- 
philic esophagitis (EoE), where patients may also experience nausea 
and/or dysphagia. With regard to reflux disease, esophagitis is associ- 
ated with vomiting, but it is usually not the primary cause. 


Gastroenteritis 


Gastroenteritis is a frequent cause of acute vomiting illness in child- 
hood. The vomiting is often associated with diarrhea and sometimes 
with crampy abdominal pain or fever. Rotavirus, especially in infants, 
is notable for its prominent vomiting, which often precedes the diar- 
thea. “Food poisoning” also produces vomiting and diarrhea, often 
caused by bacterially derived toxin. The time course and symptoms 
suggest which organism is involved. Gastroenteritis, like regurgitant 
reflux, is common and often necessitates minimal diagnostic proce- 
dures and therapy; however, the examiner must constantly guard 
against making this diagnosis in a child who might have metabolic or 
surgical disease. 

Treatment of acute gastroenteritis mandates attention to hydration. 
Oral rehydration is feasible in many children with gastroenteritis, but 
prominent vomiting may make intravenous rehydration necessary. A 
common error is to use clear liquids longer than 24 hours; this leaves 
nutritional needs unmet. Early refeeding in gastroenteritis is most suc- 
cessful when the food is low in fat and lactose and high in complex 
carbohydrates. 


Peptic Ulcer Disease 


The term peptic ulcer disease includes gastritis, gastric ulcer, duodenitis, 
and duodenal ulcer. In children, In contrast to adults, these disorders 
frequently cause vomiting. Defined causes for peptic ulcer disease 
include H. pylori infections, bile reflux gastritis, nonsteroidal anti- 
inflammatory agents, and rare gastrin-secreting tumors (Zollinger- 
Ellison syndrome). Stress ulcers occur in the context of sepsis, burns, 
surgery, head trauma, and severe acute illness. 

The optimal diagnostic method is endoscopy, with evaluation for 
H. pylori or elevated gastrin in appropriate cases. Acid suppression is 
the preferred treatment. Discontinuation of tobacco smoke exposure 
is important. H. pylori infections are treated with evolving regimens of 
double or triple antibiotics plus acid suppression drugs; eradication 
rate is approximately 85% for most treatments. Zollinger-Ellison syn- 
drome is optimally treated by tumor resection and evaluation for 
related endocrine tumors; PPI treatment is helpful if complete tumor 
resection is impossible. 


Meckel Diverticulitis 


In addition to presenting as gastrointestinal obstruction, via volvulus 
or intussusception, Meckel diverticula may become inflamed and 
mimic appendicitis. 

Treatment is surgical, so preoperative distinction of Meckel diver- 
ticulitis from other causes of an acute abdomen is not crucial. 


Mesenteric Adenitis 


Mesenteric adenitis is often found on CT scans and refers to inflam- 
mation of lymph nodes in the mesentery. It is probably caused by viral 
(adenovirus, measles) or bacterial (Yersinia enterocolitica) infection, 
but the symptoms are similar enough to appendicitis that the diagnosis 
is usually not made before surgery. Ultrasonography can readily dis- 
tinguish mesenteric adenitis from appendicitis. 


Appendicitis 

When vomiting occurs in appendicitis, it follows the periumbilical pain 
but may precede the localization of the pain to the McBurney point, 
two-thirds of the way between the umbilicus and the right anterior iliac 
spine. Before perforation, there is only occasional vomiting. After perfo- 
ration, the fever may be higher; the child lies still with the right hip 
flexed, and vomiting may be more frequent and more feculent. In appen- 
dicitis, there is later vomiting, less diarrhea, fewer bowel sounds, and 
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more rectal or rebound tenderness than in gastroenteritis. It is also 
associated with less diarrhea, less fever, and less leukocytosis than is 
bacterial enteritis, although Yersinia, in particular, has caused right lower 
quadrant pain mimicking appendicitis. Crohn disease is usually more 
chronic than is appendicitis but sometimes is diagnosed by surgeons at 
the time of appendectomy based on serosal changes to the bowel. 


Inflammatory Bowel Disease 


Crohn disease, in particular, may produce vomiting on occasion, par- 
ticularly when obstructing intestinal strictures develop. Other extrain- 
testinal manifestations of Crohn disease also, in rare cases, produce 
vomiting. 


Allergic Enteropathy, Eosinophilic Gastroenteropathy, 

and Eosinophilic Esophagitis 

Vomiting is a frequent response to ingestion of allergens and may be 
seen as early as the 1st weeks of life in infants with allergy to cow’s milk 
or soy and in older children as potentially allergenic foods are intro- 
duced. There may be associated diarrhea and hematochezia and, in 
some children, urticaria or other systemic signs of allergy. A strong 
family history for allergic diathesis is very suggestive. Laboratory 
studies may show peripheral blood eosinophilia or an elevated serum 
immunoglobulin E level; positive radioallergosorbent test results to 
individual foods are helpful if present. 

In infants, the simplest diagnostic test is a change to a protein 
hydrolysate or elemental formula for at least 2 weeks. If the vomiting 
(and other symptoms) resolve, it is generally not necessary to rechal- 
lenge for diagnosis, but empirical treatment can be continued for 
several months. Because infants usually outgrow these formula protein 
intolerances between 10 and 24 months of age, a normal diet can later 
be gradually introduced as tolerated. Older children with vomiting that 
represents eosinophilic gastroenteropathy or other immunoglobulin 
E-—mediated food allergy are less likely to lose the allergy over time. 
Diagnosis otherwise is by upper intestinal endoscopy with biopsies, 
which demonstrate an increased number of mucosal and intraepithe- 
lial eosinophils and, possibly, varying degrees of villous injury. Eosino- 
philic esophagitis, which may occur independently of eosinophilic 
gastroenteropathy, should be kept in mind, particularly with patients 
manifesting dysphagia or reflux symptoms poorly responsive to stan- 
dard therapy. At endoscopy, the esophageal mucosa displays a ringed 
or furrowed appearance with granularity (Fig. 12.11). 


FIGURE 12.11 Endoscopic appearance of eosinophilic esophagitis, demonstrating concentric rings in proxi- 
mal esophagus (A) and granularity with mucosal furrowing in distal esophagus (B). 


CHAPTER 12 Vomiting and Regurgitation 


(See Nelson Textbook of Pediatrics, p. 1819.) 


CHAPTER 12 Vomiting and Regurgitation 


If sensitization to particular foods is identified through radioal- 
lergosorbent or skin testing, an elimination diet is employed; patients 
with prohibitive numbers of food allergies may require an amino acid— 
based diet. Steroids may be necessary for children with negative inves- 
tigation findings for food allergy or for whom compliance with a 
restricted diet is problematic. 


Gastrointestinal Ischemia and Vascular Insufficiency 


Some of the causes of gastrointestinal ischemia can produce perfora- 
tion, peritonitis, and death quite rapidly. Chronic low-grade gastro- 
intestinal ischemia has also been described in high-level endurance 
athletes. A high degree of suspicion is useful because the signs are 
nonspecific. 


Abdominal Migraine 


In this periodic syndrome of abdominal symptoms, epigastric or 
periumbilical pain may accompany nausea and vomiting. Diarrhea, 
fever, chills, vertigo, irritability, and polyuria have also been reported. 
The symptoms are probably a result of muscular constriction of the 
mesenteric arteries, which causes ischemia. Some pathophysiologic 
overlap with cyclic vomiting syndrome also has been proposed. When 
these abdominal symptoms coexist with head pain, which occurs 
in 30-40% of patients with migrainous headaches, the diagnosis is 
simpler than when they occur in isolation, which happens in about 
3% of patients who later experience typical migrainous headaches. 
Usually, isolated abdominal migrainous attacks occur suddenly, last 
an hour to days, and are consistent in character within the same 
individual. There is usually a family history of migraine, and patients 
are asymptomatic between attacks. A personal history of car (motion) 
sickness may be present. Abdominal migraine is closely associated with 
the cyclic vomiting syndrome (Table 12.16). Symptoms of abdominal 
migraine often respond to prophylactic propranolol, cyproheptadine, 
or amitriptyline. 


Vasculitis 


Inflammation of the mesenteric vessels is uncommon but may cause 
gastrointestinal complaints, including vomiting, abdominal pain, 
diarrhea, and gastrointestinal bleeding. Henoch-Schénlein purpura is 
the most common pediatric vasculitis; systemic lupus erythemato- 
sus, dermatomyositis, polyarteritis nodosa, and other hypersensitiv- 
ity vasculitides are occasional causes. The most diagnostic sign of 
Henoch-Schénlein purpura is the palpable purpuric rash, typically 
found on the buttocks, posterior legs, and feet in 97% of patients. 
However, because the vomiting or hematemesis and the nonspecific 
abdominal pain (found in nearly 90%) may precede the rash, the 


TABLE 12.16 Diagnostic Criteria for Cyclic 
Vomiting Syndrome 


At least 5 episodes overall or a minimum of 3 episodes noted in a 6-mo 
period 

Recurrent episodes of vomiting and nausea lasting 1 hr to 10 days and 
occurring at least 1-wk apart 

Stereotypical pattern and symptoms in the individual patient 

Vomiting during episodes occurring at least 4 times per hr for at least 

1 hr 

Returning to baseline health between episodes 

Not attributable to another disorder 


From Li BUK, Kovacic K. Vomiting and nausea. In: Wyllie R, Hyams 
JS, Kay M, eds. Pediatric Gastrointestinal and Liver Disease. 5th ed. 
Philadelphia: Elsevier; 2016:98. 


diagnosis may initially be obscure. Repeated examination of the skin 
of a child with persistent vomiting and pain is therefore useful, par- 
ticularly when the gastrointestinal symptoms are accompanied by 
polyarthritis, which occurs in 65% of such patients. Platelet func- 
tion and coagulation studies are normal; hematuria is often present. 
Steroids may shorten the abdominal pain by 1 or 2 days, but they 
might also mask symptoms of accompanying intussusception or 
perforation. 


Volvulus and Intussusception 


Volvulus and intussusception have been discussed earlier, but, as noted, 
some of the symptoms and complications result from vascular obstruc- 
tion and ischemia. 


Mesenteric Ischemia 


The mesenteric arteries may be occluded by emboli from a diseased 
heart or from thrombi formed locally. Nonocclusive ischemia may be 
caused by poor cardiac output, hypotension, dehydration, or endotox- 
emia. Mesenteric venous occlusion is very rare. Severe, crampy, diffuse 
abdominal pain may be accompanied by vomiting, diarrhea, or con- 
stipation. The crampy pain becomes continuous, and gangrene, peri- 
tonitis, sepsis, and shock supervene. 

In a suggestive setting (e.g., heart disease), vomiting accompanied 
by diffuse severe abdominal pain should suggest the possible need for 
mesenteric and celiac angiography and emergency surgery. Acute arte- 
rial insufficiency may be preceded by chronic symptoms of “abdominal 
angina, which are episodes of several hours of crampy pain beginning 
about 20 minutes after meals. Such premonitory symptoms in sugges- 
tive settings should receive serious attention. 


Gastrointestinal Perforation and Peritonitis 


Gastrointestinal perforation is often the end stage of obstructing, 
inflammatory, or ischemic disorders. Perforation is heralded by sudden 
abdominal pain, with subsequent signs of peritonitis. Perforated 
peptic ulcer pain may track to the right lower quadrant and mimic 
appendicitis, but the onset is more sudden, and the child is sicker 
than with appendicitis. Shock, metabolic acidosis, sepsis, and dis- 
seminated intravascular coagulopathy may ensue. Vomiting is not 
prominent. 

When luminal obstruction leads to perforation and peritonitis, the 
abdominal findings change in characteristic ways. Vague, crampy, peri- 
umbilical pain becomes sharp, continuous, and localized. Rushes of 
increased, high-pitched bowel sounds disappear, leaving the abdomen 
silent. The active, sometimes writhing child becomes still. Vomiting 
previously associated with cramping pain is no longer present. The 
physical examination discloses point tenderness, abdominal rigidity, 
involuntary guarding, and rebound tenderness. 


Hepatobiliary Disorders 

Hepatitis 

The presence of acute viral hepatitis is usually suspected in patients 
who have jaundice, but up to 50% of patients with hepatitis A are 
anicteric, and even those in whom jaundice develops have a preicteric 
prodrome lasting up to a week. In children with acute hepatitis, there- 
fore, the presenting symptom may be vomiting, another reason for 
including liver enzymes in the screening evaluation of the ill-appearing 
vomiting child. The vomiting is often accompanied by fatigue, fever, 
headache, rhinorrhea, sore throat, and cough. 

The findings of serum antigens and antibodies to hepatitis viruses 
establish the diagnosis. Acute hepatitis with vomiting is treated symp- 
tomatically. Management also includes watching for the ominous find- 
ings of progressive encephalopathy, ascites, and coagulopathy. 


Biliary Colic and Cholecystitis 


Biliary obstruction produces vomiting and abdominal pain in chil- 
dren; the vomiting is usually less severe and occurs later than that in 
pancreatitis. Biliary colic is visceral pain resulting from transient 
obstruction of the cystic duct, usually by a stone. In occasional patients, 
biliary dyskinesia causes these symptoms. Biliary colic produces several 
hours of steady, vaguely localized pain, often in the right upper quad- 
rant; most patients also have vomiting. Episodes of biliary colic com- 
monly recur at unpredictable intervals, from weeks to years. Acute 
cholecystitis may ensue if the obstruction persists and leads to inflam- 
mation of the gallbladder. The pain may localize more clearly to the 
right upper quadrant and may radiate to the back or shoulder. There 
may be fever or mild jaundice. Serum alanine aminotransferase, aspar- 
tate aminotransferase, y-glutamyl transpeptidase, alkaline phospha- 
tase, and bilirubin levels may be elevated. In both biliary colic and 
acute cholecystitis, abdominal films and ultrasonography may disclose 
stones or gallbladder thickening. Common duct stones may produce 
concurrent elevations of liver enzymes and pancreatic enzymes. Recur- 
rent biliary colic and cholecystitis are managed by cholecystectomy, 
which can be performed laparoscopically in many children. Endo- 
scopic removal of common duct stones is also possible, although it 
does not prevent recurrence. 


Pancreatitis 


Pancreatitis is usually associated with epigastric abdominal pain, which 
may radiate to the back. Elevated serum amylase and lipase levels 
usually confirm the diagnosis. 


Gynecologic and Urologic Disorders 
Pyelonephritis 
High fever, chills, nausea, vomiting, and, less often, diarrhea develop 
rapidly. There may be symptoms of cystitis with dysuria, frequency, 
urgency, and suprapubic pain. Costovertebral angle tenderness focuses 
the diagnosis on the urinary tract. 

The urinalysis shows pyuria and bacteriuria, and the hemogram 
shows leukocytosis. Treatment is with antibiotics. 


Ureteropelvic Junction Obstruction and Hydronephrosis 


Ureteropelvic junction obstruction (“beer drinker’s kidney,’ Dietl 
crisis) is caused by partial obstruction at the ureteropelvic junction and 
by the resulting hydronephrosis during fluid loading and diuresis. 
Congenital cases are usually diagnosed in the Ist year of life (usually 
on the basis of a renal hydronephrotic mass or urinary tract infection); 
10-30% of affected older children present with flank or periumbilical 
pain, frequently accompanied by vomiting. 

Typically, the symptoms commence in the evening after an increased 
fluid intake, although the hyperhydration history is often unclear. The 
child’s pain and vomiting usually remit spontaneously in several hours, 
as dehydration gradually relieves the renal pelvic distention. Superim- 
posed unilateral urinary tract infection may cause additional findings 
of fever, failure to thrive, and pyuria. 

Ultrasonography at the time of an episode or after furosemide, or 
an intravenous pyelogram, provides the diagnosis; the treatment is 
surgical. 


Renal Colic 

Passage of a renal stone usually causes more pain than vomiting. Lat- 
eralized colicky pain, hematuria, and confirmatory radiologic studies 
assist the diagnosis. 
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Dysmenorrhea, Endometriosis, and Pelvic 

Inflammatory Disease 

These gynecologic disorders manifest with lower abdominal pain but 
only occasionally manifest with vomiting. Association with menses or 
vaginal discharge aids the diagnosis. Motion of the cervix exacerbates 
the pain in pelvic inflammatory disease. 


Ovarian Torsion 


Torsion of a normal ovary occasionally occurs in girls of any age, 
probably caused by laxity of adnexal supports. Repeated attacks of 
crampy, lower abdominal pain culminates in a final acute episode with 
severe retching and vomiting, an enlarged ovarian mass, and eventual 
signs of peritonitis. Leukocytosis may be accompanied by fever. The 
location of the pain suggests the diagnosis, and the treatment is 
surgical. 


Hyperemesis Gravidarum 


Pregnant adolescents may have prolonged vomiting. In parallel to the 
experience with ruminating infants, esophagitis has been suggested to 
play a role in this disease. 


Testicular Torsion 


Testicular torsion is a vascular emergency. It is readily diagnosed by the 
site of pain; surgical treatment is required. 


Respiratory Disorders 

Sinusitis, Pharyngitis, and Otitis 

Sinusitis may induce chronic, unexplained vomiting. The vomiting is 
more apt to occur in the morning and must be differentiated from 
serious intracranial processes. Sinus tenderness and sinus CT scans 
suggest the diagnosis, and a successful trial of antibiotic therapy con- 
firms it. Less often, pharyngitis or otitis media may manifest acutely 
with nonspecific vomiting. 


Pneumonia 


Because pneumonia can also be caused by vomiting on the basis of 
aspiration, it is important to consider the direction of causality in 
children with pneumonia and vomiting. Aspiration of vomitus is par- 
ticularly likely to occur in the context of obtundation or other neuro- 
logic dysfunction. 


Central Nervous System Disorders 

Increased Intracranial Pressure 

Various causes of increased intracranial pressure (e.g., tumors) induce 
vomiting, typically described as projectile but without retching. This 
description may be an oversimplification, but the occurrence on awak- 
ening and before eating is important information. 

A careful neurologic and funduscopic examination, attention to 
measurement of occipitofrontal head circumference, and relevant 
radiologic studies (CT or magnetic resonance scans) should help the 
examiner make the diagnosis. 


Abdominal Epilepsy 
The diagnosis of abdominal epilepsy is suggested by recurrent episodes 
of nausea or vomiting, usually accompanied by abdominal pain and 
by symptoms suggesting its central nervous system origin, such as 
headache, dizziness, confusion, or temporary blindness. Patients may 
sleep after an episode. 

The diagnosis is aided by neurologic consultation, electroencepha- 
lography during an episode, and response to anticonvulsant therapy. 
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Vestibular Disorders, Motion Sickness 


Motion sickness is a common experience in some situations. Vestibular 
disorders produce similar symptoms. 

Because of the symptoms of nausea, nystagmus, vertigo, and dizzi- 
ness, the diagnosis is usually obvious. Antihistamines and anticholin- 
ergics are particularly useful for motion sickness. 


Ventriculoperitoneal Shunt Complications 


Occlusion or infection of a shunt may produce vomiting on a neuro- 
logic basis, whereas the intraabdominal end of the shunt may provoke 
intestinal obstruction by volvulus, adhesions, or loculations. These 
possibilities must be kept in mind for the vomiting patient with a 
shunt. 


Psychobehavioral Disorders 

Psychogenic Vomiting 

The syndrome of vomiting without organic cause illustrates the promi- 
nent influence that cortical and psychologic inputs may have in 
stimulating nausea and vomiting. Characteristic features of psycho- 
genic vomiting include chronicity, association with stress and with 
meals, can be suppressed by distracting the patient, the patient’s indif- 
ference toward the symptom itself, and relief by hospitalization. 
There may be no nausea or anorexia, and the vomiting may be 
self-induced. 


Rumination 


In the process of rumination, food is regurgitated, then mouthed or 
chewed and re-swallowed, apparently voluntarily and pleasurably. 
Adults and older children may regurgitate by contracting abdominal 
muscles; infants may put their fingers or fists deep in their mouths in 
an apparent attempt to stimulate regurgitation. Whereas such apparent 
self-stimulation probably has a psychogenic origin in many cases, some 
infants cease ruminating when esophagitis is treated, which suggests 
that in some cases what appears to be an attempt to stimulate the gag 
reflex may actually be a response to pain in the throat. Thus, diagnosis 
of and treatment for both psychogenic causes and esophagitis should 
be considered. 

Two types of rumination, psychogenic and self-stimulating, have 
been described. The former tends to occur in normal infants with a 
disturbed parent-child relationship; the latter occurs in intellectually 
disabled individuals of any age and without regard to nurturing. Both 
positive reinforcement and negative reinforcement have been utilized 
in behavioral therapy. 


Eating Disorders 


Anorexia nervosa and bulimia are considered eating disorders 
primarily of psychogenic origin. However, symptoms of disordered 
upper gastrointestinal motility, including esophageal dysmotility, 
may manifest in a manner similar to these eating disorders, and 
patients with primary anorexia nervosa often manifest delayed 
gastric emptying, which may benefit from therapy with prokinetic 
agents. 


Management 


Psychiatric consultation and therapy are often needed for eating dis- 
orders, rumination, and psychogenic vomiting. Principles of behavior 
modification help to eliminate secondary gain from the vomiting. 
Nasogastric or nasojejunal feedings can be used to guarantee nutri- 
tional rehabilitation if voluntary oral nutrition is not readily reestab- 
lished; such tube feedings also provide the child with the incentive to 
return to oral nutrition. A prokinetic agent and H,-receptor blocker 


therapy are often useful initially, both to treat esophagitis and to maxi- 
mize forward movement of enteral nutrients through the gastro- 
intestinal tract. 


Metabolic Disorders 


Metabolic diseases that cause vomiting are difficult to diagnose because 
they are both rare and diverse. Their diagnosis and treatment, however, 
are crucial because of the severe morbidity and death they can cause 
and their amenability to treatment. They are also important because 
of their relevance to genetic counseling, inasmuch as most metabolic 
disorders are hereditary, on an autosomal recessive basis. Situations 
that should prompt consideration of metabolic diseases are listed in 
Table 12.10. 

The history and physical examination (Table 12.17) and screening 
studies (Table 12.18) that help distinguish among many of the specific 
metabolic disorders provide useful clues. Laboratory studies should be 
done while the child is symptomatic. Vomiting accompanied by hyper- 
ammonemia is a particular diagnostic problem, for which a schematic 
is presented in Fig. 12.12. 


Poisonings and Drugs 


Most ingested poisons, and some absorbed by inhalation, skin contact, 
or intravenous administration, induce vomiting, which can be seen as 
a physiologic protection against harmful substances. Symptoms and 
signs of some of the most common pediatric poisonings causing vom- 
iting are indicated in Table 12.19. Acute known poisonings, either 
accidental or intentional, are a management problem rather than a 
diagnostic one and a Poison Control Center or other toxicology 
resources may be helpful. 

Initial diagnostic evaluation can be directed by a careful search of 
the environment for poisonous items and by toxicology screens on 
blood, urine, vomitus, and stool; these materials should not be dis- 
carded. A few agents, such as lead, cause chronic poisoning, manifested 
by vomiting, among other symptoms. Because it may be particularly 
difficult to suspect and treat these poisonings, an index of suspicion of 
poisoning is important in the chronically vomiting child. Laboratory 
studies that are useful in addition to toxicology screenings are pre- 
sented in Table 12.20. 


Hematemesis 


Endoscopic evaluation (and therapy) is often needed for children with 
hematemesis. Before such evaluation, however, it is important to know 
the most likely causes (see Table 12.13). The physician should also have 
determined that there is no underlying coagulopathy necessitating cor- 
rection (see Table 12.14) and that hematemesis is a primary symptom, 
not a secondary one caused by a Mallory-Weiss tear. 

Peptic ulcer disease, particularly duodenal ulcer, is the most 
common cause of hematemesis in children; in newborns, swallowed 
maternal blood (uterine, breast milk), esophagitis, gastritis, and duo- 
denal ulcers are most common; in preschool children, gastric ulcers 
predominate; and in older children and adolescents, duodenal ulcers 
are most common. Esophagitis is occasionally severe enough to cause 
hematemesis, as is Barrett ulcer, a premalignant lesion superimposed 
on chronic esophagitis. Obstructive lesions such as pyloric stenosis and 
antral webs are occasionally associated with hematemesis. 

Variceal bleeding is uncommon but serious. Gastric vascular mal- 
formations are rare and serious and may be difficult to diagnose. Dupli- 
cations are lined by gastric mucosa in 30% of affected patients; if they 
are located above the ligament of Treitz, they may cause hematemesis. 
The metabolic and toxic (iron, salicylates, theophylline, corrosives, iso- 
propyl alcohol, mushroom poisoning) causes of hematemesis should 
be kept in mind. 


SECTION3 Gastrointestinal Disorders 


Send: serum/urine AAs, 


urine OAs/orotate, 
blood gas, electrolytes, 


glucose 
cultures 


Newborn <24 hr old 


, LF Is. CBC, 


Newborn >24 hr old Older infant/child 


Preterm/SGA Term/AGA Not acidotic Metabolic acidosis Not acidotic 


Transient Glutaric Urea cycle (Often anion gap, Urea cycle 
hyperammonemia acidemia II hypoglycemia, (see left/below) 
of the newborn ketosis) Reye syndrome 
(THAN) (respiratory ee l : ' ' 
dehydrogenase Organic acidemias Liver failure 


alkalosis, urine orotate 
normal, serum 
citrulline normal) 


Decreased 
serum 
citrulline 


Decreased/nl Increased 
urine urine 
orotate orotate 


Carbamoyl Ornithine 
phosphate transcarbamylase 
synthetase (OTC) deficiency 
(CPS) 

deficiency 


(e.g., methylmalonic 


acidemia, propionic Portosystemic 


acidemia) shunt 

Liver failure with Proteus UTI 

shock/sepsis Lysinuric protein 
intolerance 


Increased 
serum 
citrulline 


Decreased Increased 
urine urine 
arginino- arginino- 
succinate succinate 


Citrullinemia Arginino- 
(arginino- succinic acidemia 
succinate (argininosuccinase 
synthetase deficiency) 
deficiency) 


FIGURE 12.12 Flow diagram for evaluation of hyperammonemia in children. AAs, amino acids; AGA, appro- 
priate for gestational age; CBC, complete blood count; LFTs, liver function tests; NH3, ammonia; OAs, organic 
acids; SGA, small for gestational age; UTI, urinary tract infection. 


Therapy of hematemesis includes, as needed, correction of any 
abnormalities of coagulation: hemostasis, stabilization of hemody- 
namic status, and direct attention to the bleeding site endoscopically 
(e.g., heater probe, injection therapy) or surgically. Reduction of 
gastric acid secretion pharmacologically is useful in virtually all cases 
of hematemesis and carries minimal risk. 


Other Causes of Vomiting 

Chemotherapy 

Chemotherapy causes predictable vomiting, which is usually not 
a diagnostic but a management problem. It may be complicated 
by anticipatory vomiting. Ondansetron, high-dose metoclopramide 
(accompanied by diphenhydramine for prophylaxis of extrapyramidal 
side effects), dexamethasone, and the marijuana-related nabilone have 
all shown some effectiveness against chemotherapy-induced vomiting. 
Anxiolytics may also be beneficial as a component of combination 
antiemetic therapy. 


Radiation Therapy 


Like chemotherapy, radiation therapy may cause acute vomiting, 
apparently by stimulating giant retrograde peristaltic waves. 


Subacutely, diarrhea predominates as a complication of radiation 
therapy. Months to years later, vomiting may again be a result of radia- 
tion therapy, often caused by inflammatory ulcers and strictures. These 
lesions are difficult to treat without surgery. 


Cyclic Vomiting 

Cyclic vomiting syndrome (CVS) is a chronic, potentially disabling 
condition marked by a history of three or more bouts of intense, 
acute nausea and vomiting that may last hours or days, punctuated 
by entirely symptom-free intervals that last weeks to months (see 
Table 12.16). Work-up, which may ultimately include endoscopy and 
imaging studies of the gastrointestinal tract and brain, reveals no 
evidence of significant underlying primary disease. Typically, bouts 
begin in children 2-7 years old (range, 6 months to 18 years) and 
occur an average of 12 times yearly (range, 1-70). For a particular 
patient, episodes tend to begin at the same time of day (usually during 
the night or early morning hours) and have similar durations. An 
inciting event such as an infection or emotional excitement can be 
identified in 80% of episodes. Bouts are often accompanied by pallor, 
intolerance of noise or light, abdominal pain, or diarrhea. The patho- 
physiologic process of CVS remains speculative at this time but may 
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overlap with that of migrainous phenomena. One hypothesis purports 
that stress-initiated release of corticotropin-releasing hormone leads 
to cascading production of substances, such as adrenocorticotropic 
hormone, antidiuretic hormone, histamine, and catecholamines, 
which in turn mediate the syndrome’s signs and symptoms. Some 
children may harbor subclinical defects in mitochondrial fatty acid 
oxidation metabolism or neuronal ion channel function that heighten 
their susceptibility to attacks when confronted by the increased cel- 
lular energy needs created by a physiologic or emotional stressor. 
Although CVS is now becoming better characterized, the physician 
should not be lulled into missing treatable, “look-alike” organic condi- 
tions. Reported cases of organic disease mislabeled “cyclic vomiting” 
have included intermittent intussusception or volvulus caused by 
enteric duplication, diverticulum, or malrotation; increased intra- 
cranial pressure in patients with shunts who have slit ventricles; and 
toxic or metabolic disease. Additional considerations in the differential 
diagnosis include brainstem glioma, obstructive uropathy, porphyria, 
and familial dysautonomia. 

In CVS, the patient experiences nausea and pallor during the ste- 
reotypical and characteristic episodes but is symptom-free between 
episodes. 

Medications potentially useful in CVS prophylaxis and in treatment 
of acute episodes are listed in Table 12.21. 


Porphyria 

Acute intermittent porphyria is an autosomal dominant disorder of 
episodic abdominal pain (85-95% of patients); 40-90% of patients 
have associated vomiting. The association of neurologic symptoms 
such as mental symptoms (50%), muscle weakness (50%), sensory loss 
(20%), and convulsions (15%); the onset after puberty; and the fre- 
quent association with menses or provocative drugs (phenobarbital) 
are suggestive. Elevated levels of porphobilinogen and 6-aminolevulinic 
acid in urine are suggestive, and decreased red blood cell porphobi- 
linogen deaminase is diagnostic. 


Familial Mediterranean Fever (Benign Paroxysmal 
Peritonitis, Periodic Peritonitis, Polyserositis) 

Episodic attacks of abdominal pain with rapid development and 
resolution (within 48 hours) of peritoneal signs (fever, vomiting, 
absent bowel sounds) occurring in a child of Israeli or North African 
descent should suggest this autosomal recessive diagnosis. Synovitis, 
pleuritis, and an erysipelas-like skin lesion are also characteristic. The 
erythrocyte sedimentation rate is raised. Fifty percent of patients have 
their first attack between 1 and 10 years of age; 90%, by age 20. 
Amyloidosis, a possible etiologic role for C5a inhibitor deficiency, 
and probable response to colchicine has been described. Definitive 
genetic testing is now available for detection of the familial Mediter- 
ranean fever gene, which has been localized to the short arm of 
chromosome 16. 


Familial Dysautonomia 


Familial dysautonomia may manifest with episodic vomiting. It is 
an autosomal recessive disorder of the sensory and autonomic nervous 
systems affecting children of Ashkenazi Jewish descent. The gene for 
familial dysautonomia has been localized to the distal long arm of 
chromosome 9, allowing for both prenatal diagnosis and identifica- 
tion of carriers. Associated symptoms include disturbed swallowing, 
drooling, frequent pneumonias, absence of overflow tearing, erratic 
temperature control, skin blotching, postural hypotension, relative 
indifference to pain, corneal anesthesia, breath-holding spells, motor 
incoordination, spinal curvature, and growth retardation. Glossal 
fungiform papillae are also absent. The disease is diagnosed with 


the intradermal histamine test or the conjunctival methacholine (or 
pilocarpine) test. Management is complex and requires a multidis- 
ciplinary team. 


Complications of Vomiting 


The complications of vomiting are shown in Table 12.22. Their impor- 
tance is twofold. First, these complications, particularly the metabolic, 
nutritional, esophagitis, and hemodynamic ones, must be treated. 
Second, there may be diagnostic implications. Hematemesis result- 
ing from Mallory-Weiss tear should be distinguished from primary 
hematemesis caused by some other lesion. Metabolic acidosis or hyper- 
kalemia should be recognized as atypical for vomiting illnesses and pos- 
sible crucial signs of metabolic disease or severe intraabdominal disease. 


Metabolic Complications 


Dehydration results from the inability to ingest fluid effectively, because 
of anorexia or nausea, as well as from the loss of secretions in the 
emesis. Alkalosis resulting from loss of gastric hydrogen chloride in the 
vomitus is exacerbated by a shift of H' into cells because of potassium 
deficiency and by contraction of the extracellular fluid because of 
sodium deficiency. Potassium and sodium are lost in the vomitus and 
are also wasted by the kidneys when they accompany the renal excre- 
tion of bicarbonate caused by the alkalosis. In states of marked alka- 
losis, urine pH is 7 or 8, and urinary sodium and potassium levels 
are high, despite sodium and potassium depletion. Urine chloride, 
however, remains low, reflecting the nonrenal losses of sodium chlo- 
ride and potassium chloride. If intravenous fluid therapy is required, 
it must be designed with an understanding of the sodium and potas- 
sium deficits. The usual metabolic alkalosis is adequately compensated 
by the patient’s spontaneous hyperpnea and responds to fluid and 
electrolyte therapy. 


Nutritional Complications 


The nutritional deficits resulting from chronic vomiting and associated 
anorexia are obvious. Their correction must be included in the treat- 
ment plan for chronic vomiting. No more than a day or 2 of fluid 
therapy should take place without attention to nutritional needs. Fre- 
quent, small, high-carbohydrate feedings may minimize the stimula- 
tion to vomit, but continuous nasogastric feedings are sometimes 
needed for chronic vomiting. The presence of metabolic or allergic 
disease should be considered when the reintroduction of protein leads 
to relapse of symptoms. 


Mallory-Weiss Tear 


This linear mucosal laceration in the juxtaesophageal gastric mucosa 
usually occurs after prolonged forceful retching or vomiting, but it 
occasionally produces blood in the initial vomitus. Invisible radio- 
graphically, it is diagnosed endoscopically (if necessary). Mallory- 
Weiss tears usually necessitate no treatment, but transfusion is 
occasionally necessary. Intractable cases are quite rare and may be 
treated with vasopressin infusion, balloon tamponade, angiographic 
embolization, or surgery. 


Peptic Esophagitis 
Esophagitis, similar to that resulting from gastroesophageal reflux, may 
result from chronic vomiting from many causes. Diagnosed endoscopi- 
cally or histologically, it should be treated. The treatment of esophagitis 
usually includes H,-receptor antagonists or proton pump inhibitors; 
prokinetic agents may also be needed. The use of antacids should be 
tempered by knowledge of the acid-base status of the patient. 

Text continued on p. 232 
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Therapy 


Therapy of vomiting starts with treatment of the cause, treatment of 
complications, and treatment of behavioral aspects that may perpetu- 
ate the vomiting. General supportive and more specific pharmacologic 
approaches to therapy are outlined in Table 12.21 and Table 12.23. The 
physician should be very careful about treating the vomiting symptom 
without diagnosing and treating its cause. In several situations, diag- 
nostic procedures, such as diatrizoate (Gastrografin) enema for fecal 
obstructions in cystic fibrosis, barium enema for intussusception, and 
endoscopy with sclerotherapy for variceal hematemesis, are also 
therapeutic. 


® Treatment of Behavioral Aspects 


Treatment of psychobehavioral aspects of vomiting may also be impor- 
tant because of the cortical influences on emesis. Such treatment may 
include eliminating secondary gain for vomiting and reducing anxiety 
about the vomiting through a confident approach to the child. 


TABLE 12.21 


Disease/Condition 
Reflux 


SECTION 3 Gastrointestinal Disorders 


Antiemetic Drugs 


In situations of persistent vomiting, antiemetic drugs are useful to 

reduce the metabolic and nutritional consequences and perhaps to 

interrupt vicious circles in which psychogenic factors may also partici- 

pate. Currently available antiemetic drugs include the prokinetic 

agents, metoclopramide, erythromycin, and domperidone, as well as 

the other medications listed in Table 12.21. These drugs function at 

many sites by: 

° modifying central cortical input (anxiolytic agents) 

° depressing the chemoreceptor trigger zone (metoclopromide, 
domperidone) 

° reducing vestibular input 

° enhancing the secretion or effects of acetylcholine from the motor 
neuron (cisapride, available in the United States on restricted-use 
protocol only) 

° blocking serotonin receptors, which inhibit the function of the 
acetylcholine-secreting motor neuron (ondansetron) 


Pharmacologic Therapies for Vomiting Episodes 


Therapy—Drug Class: Specific Agent/Trade Name (Dose) 
Dopamine antagonist: metoclopramide (Reglan) (0.1-0.2 mg/kg q.i.d. PO/IV) 


Peripheral dopamine antagonist: domperidone (Motilium) (0.2-0.6 mg/kg t.i.d.-q.i.d. PO) 


Gastroparesis 


Metoclopramide, domperidone; see above 


Motilin agonist: erythromycin (2-4 mg/kg t.i.d.-q.1.d. PO/IV) 


Intestinal pseudoobstruction 


Stimulation of intestinal migratory myoelectric complexes: octreotide (Sandostatin) (1 ug/kg b.i.d.-t.i.d. SC) 


Chemotherapy Metoclopramide; see above (0.5-1.0 mg/kg q.i.d. IV, with antihistamine prophylaxis of extrapyramidal side effects) 

Serotoninergic 5-HT; antagonist: ondansetron (Zofran) (0.15-0.3 mg/kg t.i.d IV/PO) 

Phenothiazines (extrapyramidal, hematologic side effects): prochlorperazine (Compazine) (~0.3 mg/kg b.i.d.-t.1.d. PO) 
chlorpromazine (Thorazine) (>6 mo of age: 0.5 mg/kg t.1.d.-q.1.d. PO/IV) 

Steroids: dexamethasone (Decadron) (0.1 mg/kg t.1.d. PO) 


Cannabinoids: nabilone (tetrahydrocannabinol) (0.05-0.1 mg/kg b.i.d.-t.i.d. PO) 


Postoperative Ondansetron, phenothiazines: see above 


Motion sickness; vestibular disorders Antihistamine: dimenhydrinate (Dramamine) (1 mg/kg t.i.d.-q.1.d. PO) 


Anticholinergic: scopolamine (Transderm Scoop) (adults: 1 patch/3 days) 
Steroids: cortisol (2 mg/kg bolus IV followed by 0.2-0.4 mg/kg/hr IV [+ 1 mg/kg IMJ) 


Supportive: 
Analgesic: meperidine (Demerol) (1-2 mg/kg q4-6h IV/IM) 
Anxiolytic, sedative: lorazepam (Ativan) (0.05-0.1 mg/kg g6h IV) 
Antihistamine, sedative: diphenhydramine (Benadryl) (1.25 mg/kg g6h IV) 
Abortive: 
serotoninergic 5-HT, antagonist: 
Ondansetron: see above 
Granisetron (Kytril) (10 g/kg q4-6h IV) 
Nonsteroidal antiinflammatory agent (GI ulceration side effect): 
Ketorolac (Toradol) (0.5-1.0 mg/kg q6-8h IV) 
Serotoninergic 5-HT;p agonist: sumatriptan (Imitrex) (>40 kg; 20 mg intranasally/25 mg PO, 1 time only) 
Prophylactic: (if >1 CVS bout/mo; taken daily) 
Antimigraine, B-adrenergic blocker: propranolol (Inderal) (0.5-2.0 mg/kg b.i.d. PO) 
Antimigraine, antihistamine: cyproheptadine (Periactin) (0.25-0.5 mg/kg/day +b.i.d.- t.i.d. PO) 
Antimigraine, tricyclic antidepressant: amitriptyline (Elavil) (0.33-0.5 mg/kg t.i.d. PO, and titrate to maximum of 
3.0 mg/kg/day as needed; obtain baseline ECG at start of therapy, and consider monitoring drug levels) 
Antimigraine antiepileptic: phenobarbital (Luminal) (2-3 mg/kg g.h.s.) 
Erythromycin: see above 
Low-estrogen oral contraceptives: consider for catamenial CVS episodes 


Adrenal crisis 


Cyclic vomiting syndrome 
(CVS)* 


b.i.d., twice daily; ECG, electrocardiogram; GI, gastrointestinal; IM, intramuscularly; IV, intravenously, PO, orally; g4-6h, every 4-6 hours; 
q6h, every 6 hours; q6-8h, every 6-8 hours, g.h.s. each bedtime; SC, subcutaneously; t.i.d., three times daily; q.i.d., four times daily. 
* Modified from Li BUK, Balint JP. Cyclic vomiting syndrome: Evolution in our understanding of a brain-gut disorder. Adv Pediatr. 2000;47:149. 


CHAPTER 12 Vomiting and Regurgitation 


TABLE 12.22 Complications of Vomiting 


Complication Pathophysiology History, Physical Examination, and Laboratory Studies 
Metabolic Fluid loss in emesis Dehydration 

HCI loss in emesis Alkalosis”; hypochloremia 

Na, K loss in emesis Hyponatremia; hypokalemia*™ 

Alkalosis — Na into cells 

HCO; loss in urine Urine pH 7-8 
Na and K loss in urine Urine Na T, K T 

Hypochloremia — Cl conserved by kidneys Urine Cl L 
Nutritional Emesis of calories and nutrients Malnutrition; “failure to thrive” 

Anorexia for calories and nutrients 
Mallory-Weiss tear’ Retching — tear at lesser curve of gastroesophageal junction Forceful emesis — hematemesis 
Esophagitis Chronic vomiting —> esophageal acid exposure Heartburn; Hemoccult + stool 
Aspiration Aspiration of vomitus, especially in context of obtundation Pneumonia; neurologic dysfunction 
shock* severe fluid loss in emesis or in accompanying diarrhea Dehydration (accompanying diarrhea can explain acidosis?) 

severe blood loss in hematemesis Blood volume depletion 


*If patient is acidotic, hyperkalemic, or in shock, see Table 12.24. 
"Occasionally produces blood in the initial vomitus. Invisible radiographically, it is diagnosed endoscopically (if necessary). 
Cl, chloride; HCI, hydrogen chloride; HCO,, bicarbonate; K, potassium; Na, sodium. 


TABLE 12.23 Supportive and Nonpharmacologic Therapies for Vomiting Episodes 


Disease Therapy 


All Treat Cause: obstruction — operate; allergy — change diet (+steroids); metabolic error — Rx defect; acid peptic disease 
— H,RAs, PPIs, etc. 


Complications 
Dehydration IV fluids, electrolytes 


Hematemesis Transfuse, correct coagulopathy 

Esophagitis H,RAs, PPIs 

Malnutrition NG or NJ drip feeding useful for many chronic conditions 
Meconium ileus Gastrografin enema 


DIOS Gastrografin enema; balanced colonic lavage solution (e.g.,GoLytely) 


Intussusception Barium enema; air reduction enema 


Hematemesis Endoscopic: injection sclerotherapy or banding of esophageal varices; injection therapy, fibrin sealant application, or 
heater probe electrocautery for selected upper GI tract lesions 


Sigmoid volvulus Colonoscopic decompression 
Reflux Positioning; dietary measures (infants: rice cereal, 1 TBSP/ounce of formula) 
Psychogenic components Psychotherapy; tricyclic antidepressants; anxiolytics (e.g., diazepam: 0.1 mg/kg/t.i.d.-q.i.d. PO) 


*If patient is acidotic, hyperkalemic, or in shock, see Table 12.24; adrenal crisis therapy outlined in Table 12.21. 
DIOS, distal intestinal obstruction syndrome; GI, gastrointestinal; Hj¿RAs, histamines-receptor antagonists; IV, intravenous; NG, nasogastric; NJ, 
nasojejunal; PO, orally; PPIs, proton pump inhibitors; q.i.d, four times a day; TBSP, tablespoon; t.i.d, three times a day. 


° blocking dopamine’s inhibitory effect at the neuromuscular junc- In some settings, the diverse sites of action account for the useful 
tion (domperidone, metoclopramide) additive effects of these drugs. Optimal therapy for vomiting caused 
° stimulating the motilin receptor on gastric smooth muscle by chemotherapy, for example, may include several agents in order to 
(erythromycin) provide blockade of the multiple receptor types in the chemoreceptor 
° substituting for acetylcholine’s stimulatory effect at the neuromus- trigger zone and elsewhere. Metoclopramide and ondansetron have 


cular junction (bethanechol) been the most widely used general antiemetic agents. 


TABLE 12.24 Vomiting Emergencies 


Drug/Symptoms Poison‘ Metabolic’ 
shock re 


Mental status change, lethargy, ++ 
coma, seizure, psychosis 


severe abdominal pain/distention 


Acute liver dysfunction: jaundice, 
anicteric 


Respiratory: apnea, Kussmaul 
breathing 


Other 
Bilious emesis 


Silent abdomen 
Hematemesis 


* An acutely ill child with vomiting needs: 
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Surgical 


Liver 


Neurologic Failure Laboratory Studies 


NH;, head CT/MAI, 
glucose 


Abdominal films 
NI PT 


Blood gas; electrolytes; 
urinalysis, glucose 


Abdominal films 


Endoscopy 


Physical examination: especially vital signs, neurologic, funduscopic, abdominal (auscultation, peritoneal signs), rectal. 

Laboratory tests: complete blood cell count, differential white blood cell count, platelets; sodium, potassium, chloride, carbon dioxide; glucose 
(Dextrostix); blood urea nitrogen, creatinine; liver function tests; amylase, lipase; blood gas; urinalysis. 

If fever is present: cultures of blood, urine, cerebrospinal fluid (if mentation change), and stool (if diarrhea or hematochezia) are also needed. 
If hematemesis is present: platelets, prothrombin time, and partial thromboplastin time also must be measured. 


See Tables 12.19 and 12.20. 
'See Tablas 124 7 and 12 15. 


CT, computed tomography; MRI, magnetic resonance imaging, NHs, ammonia; PT, prothrombin time. 


+, suggestive; ++, moderately suggestive; +++, highly suggestive. 


Data from Mitchell LE, Risch N. The genetics of infantile hypertrophic pyloric stenosis. A reanalysis. Am J Dis Child. 1993;147:1203-1210; 
Rescorla FJ, Shedd FJ, Grosfeld JL, et al. Anomalies of intestinal rotation in childhood: Analysis of 447 cases. Surgery. 1990;108:710-716; and 
Seashore JH, Touloukian RJ. Midgut volvulus. An ever-present threat. Arch Pediatr Adolesc Med. 1994;148:43-46. 


Vomiting and regurgitation are commonly encountered symptoms in 
children. Most commonly they are the result of acute, self-resolving 
illnesses, such as acute gastroenteritis. In infants, regurgitation caused 
by gastroesophageal reflux must be distinguished from other more 
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serious causes. Symptoms suggesting vomiting emergencies are listed 
in Table 12.14 and Table 12.24. These are generally diseases that arise 
after surgery, are metabolic, or are caused by poisoning; liver failure 
and neurologic disorders are also included. 
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Gastrointestinal (GI) bleeding in children can range from small 
amounts of blood in the stool, associated with milk protein allergy or 
anal fissure, to life-threatening hemorrhage, associated with portal 
hypertension or peptic ulcer disease. Severe bleeding is a true medical 
emergency and necessitates prompt diagnostic attention and appropri- 
ate management. Hemodynamic stabilization of the patient with severe 
bleeding should always precede diagnostic studies. An accurate history 
and thorough physical examination usually allow the physician to cat- 
egorize the problem as mild or severe and to direct evaluation at the 
appropriate pace. 


DEFINITIONS 


Children with gastrointestinal bleeding generally present with 
hematemesis, hematochezia, or melena, although the clinical manifes- 
tation can be as subtle as evidence of occult blood loss. An upper 
gastrointestinal bleed is bleeding from the esophagus, stomach, or 
duodenum. Upper sources account for the majority of gastrointestinal 
bleeds in children. If the site of bleeding is distal to the ligament of 
Treitz, it is a lower gastrointestinal bleed. Blood passed per rectum 
can originate from either an upper or lower gastrointestinal source. 
Occult bleeding may occur from disorders at numerous sites. 

Hematemesis. Vomited blood can be either red or the color of 
coffee grounds. Hematemesis is most commonly associated with an 
upper gastrointestinal bleed, although swallowed blood produces the 
same clinical picture. Bright red hematemesis suggests active bleeding 
that has not had prolonged contact with gastric secretions. When 
gastric secretions interact with the blood, the blood will darken in color 
as the iron oxidizes and leads to dark red or “coffee ground” emesis. 

Hematochezia and melena. The presence of hematochezia (bright 
red blood) is generally associated with colonic bleeding, although it 
may result from a brisk upper bleed. Maroon stools from the rectum 
are generally associated with a lower gastrointestinal bleed. The pres- 
ence of melena—passage of black, tarry stools—generally results from 
significant blood loss proximal to the ileocecal valve, including an 
upper gastrointestinal bleed. The color results from bacterial break- 
down of the hemoglobin. Up to 10-15% of upper gastrointestinal bleeds 
present with melena in the absence of hematemesis. These patients are 
more likely to have a clinically significant bleed. 


APPROACH TO GASTROINTESTINAL BLEEDING 


The first step is to determine whether the problem is actually gastro- 
intestinal bleeding. Many substances and nongastrointestinal sources 
may simulate gastrointestinal bleeding (Table 13.1). Stool guaiac and 
the modified guaiac (Gastroccult) test for emesis are used to determine 
the presence of blood. Recommendations from manufacturers are to 
avoid red meat, citrus fruits and juices, supplemental vitamin C in 
excess of 250 mg/day for 3 days prior to testing, and to avoid antacids 
for at least 60 minutes prior to testing. Nonsteroidal antiinflammatory 
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drugs (NSAIDs) should be avoided for 1 week prior to testing and 
aspirin exposure should be minimized; however, it is uncertain whether 
these products affect the reliability of the test. In addition, although 
iron preparations may blacken stools, they do not lead to false-positive 
results. Female patients should be told not to collect test samples for 3 
days after or during a menstrual period. To avoid potential false- 
positive or false-negative results, stool should be collected from diapers 
or from disposable collection devices rather than directly from toilet 
water. Finally, an alkali denaturation test, also known as the Apt- 
Downey or Apt test, should be performed when a breast fed infant 
vomits bright red blood or passes red bloody stools to distinguish 
whether it is maternal or fetal hemoglobin. 

Once gastrointestinal bleeding is confirmed, the evaluation, dif- 
ferential diagnosis, and therapeutic interventions will depend on the 
age of the patient and whether the bleed is coming from the upper or 
the lower gastrointestinal tract (Tables 13.2, 13.3, and 13.4). A naso- 
gastric (NG) tube may be placed in the appropriate patient when the 
source of bleeding is not clear. Bloody aspirate from the stomach is 
confirmation of upper gastrointestinal bleeding. The tube may then be 
used to lavage the stomach with warm saline. If aspirated saline clears 
after repeated lavage, the bleeding has likely stopped or is from a dif- 
ferent source. 


HEMATEMESIS AND MELENA: 
UPPER GASTROINTESTINAL BLEED 


$ History 


Neonates who did not receive prophylactic vitamin K are at risk for 
hemorrhagic disease of the newborn (see Chapter 38) and additional 
perinatal factors may place them at risk for sepsis or other stress that 
could lead to gastritis. Infants who require intensive care may have 
trauma from an NG tube, and infants with neonatal umbilical vein 
catheterization or neonatal omphalitis are at risk for portal vein 
thrombosis and resultant later onset of esophageal varices. In older 
children, a recent history of vomiting, regurgitation, or abdominal pain 
suggests a mucosal lesion. Forceful, repeated vomiting may result in a 
Mallory-Weiss tear or prolapse gastropathy. Reactive gastritis can be 
due to medications such as NSAIDs as well as alcohol or ingestion of 
caustic substances. Providers must ask about recent bleeding such as 
epistaxis or dental procedures, which could lead to hematemesis 
without a gastrointestinal source of bleeding. 

Information regarding chronic pulmonary disease, renal disease, 
bleeding disorders, and liver disease, including a history of jaundice, 
should be obtained in all children. Patients with cystic fibrosis are at 
risk not only for the development of esophageal varices caused by 
biliary cirrhosis but also for coagulopathies from vitamin K deficiency. 
They may also have hemoptysis, which can be misinterpreted as 
hematemesis. In patients with renal disease, uremia will cause platelet 
dysfunction, which may manifest as a gastrointestinal bleed. The family 
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(See Nelson Textbook of Pediatrics, p. 1766.) 
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TABLE 13.1 Mimics of Gastrointestinal 


Bleeding 


Foodstuffs: 
Beets 
Blueberries 
Food coloring 
Gelatin 
Licorice 
Punch 
Red candy 
Spinach 
Tomato skins 
Watermelon 
Medications: 
e Bismuth 
e İron supplementation 
e Rifampin 
Bleeding from other locations: 
Epistaxis 
Hemoptysis 
Menses 
Recent dental work or tonsillectomy 
Swallowed maternal blood in breast-fed or newborn infant 
Munchausen (factitious disorder) syndrome by proxy 
Factitious disorder 


TABLE 13.2 Differential Diagnosis for 


Upper Gastrointestinal Bleeding 


Infants Milk protein sensitivity 

[rauma 

Esophagitis 

Gastritis 

Ulcer 

Infection—CMV, herpes, fungal 
Sepsis with DIC 

Vitamin K deficiency 

Anatomic anomalies (duplication) 
Vascular malformation 
Mallory-Weiss tear 

Prolapse gastropathy 


Children Esophagitis including pill ulceration 
Gastritis 
e NSAIDs 
e Helicobacter pylori 
Ulcer 
e Foreign body 
Stress 
Esophageal varices 
Hemobilia 
Vascular malformation 
e Dieulafoy lesion (artery that protrudes through mucosa) 
Anatomic anomaly 
Infection 
Sepsis with DIC 
Mallory-Weiss Tear 
Prolapse gastropathy 


CMV, cytomegalovirus; DIC, disseminated intravascular coagulation; 
NSAIDs, nonsteroidal antiinflammatory drugs. 


TABLE 13.3 Differential Diagnosis for 
Lower Gastrointestinal Bleeding 


Infants Milk protein sensitivity 

Anal fissure 

Infectious—Sa/monella, Shigella, Escherichia coli 
0157:H7, Campylobacter species, Yersinia species, 
Entamoeba histolytica, CMV 

Ischemia—volvulus or necrotizing enterocolitis 

sepsis with DIC 

Vitamin K deficiency 

Vascular malformation 

Hirschsprung enterocolitis 

Lympho-nodular hyperplasia 

Intusussception 

Trauma 


Children Milk and other protein sensitivity 
Anal fissure 
Infectious—above plus Clostridium difficile 
Medication 

e NSAIDs 

e Mycophenolate 
Intusussception 
Meckel diverticulum 
Juvenile polyp 
Inflammatory bowel disease 
Ischemia 
Typhlitis 
Vascular malformation 
Anatomic anomaly 
Henoch-Schonlein purpura 
Lymphonodular hyperplasia 
Trauma 


CMV, cytomegalovirus; DIC, disseminated intravascular coagulation; 
NSAIDs, nonsteroidal antiinflammatory drugs. 


history should address the presence of bleeding disorders, peptic ulcer 
disease, and possible Helicobacter pylori exposure. 


$ Physical Examination 


Immediate attention must be given to signs of hypovolemia, anemia, 
or shock. An orthostatic change, such as a pulse rate increase of 20 
beats/min or a drop in systolic blood pressure of more than 10 mm Hg 
when the patient changes from supine to standing is a sensitive index 
of significant volume depletion. Blood pressure may remain normal up 
to the point of circulatory collapse in children and a normal blood 
pressure should not be reassuring in the setting of other signs of hypo- 
volemia such as tachycardia or delayed capillary refill. 

In addition to close attention to changes in vital signs, a physical 
exam with emphasis on potential sources of bleeding is essential (Table 
13.5). The oropharynx and nasal canals should be examined for lesions 
as the cause of bleeding. Palpation to evaluate organomegaly should 
begin at the iliac crests so as not to miss a hugely enlarged liver or 
spleen. A prominent venous pattern on the abdomen (Fig. 13.1), sple- 
nomegaly, and ascites may suggest portal hypertension. Tenderness 
and guarding indicate a significant inflammatory process. 

In addition to assessing for pallor, cutaneous lesions may help 
determine the underlying cause of bleeding. Petechiae can indicate 
disseminated intravascular coagulation, hypersplenism, or another 
bleeding abnormality. Hyperpigmented lesions of the oral or anal 
mucosa may indicate Peutz-Jeghers disease. Cutaneous telangiectasia 


CHAPTER 13 Gastrointestinal Bleeding 


TABLE 13.4 Causes of Occult Gastrointestinal Bleeding 


Inflammatory Causes 
Peptic esophagitis 

Crohn disease 

Ulcerative colitis 

Mild enterocolitis 

Celiac disease 

Eosinophilic gastroenteritis 
Meckel diverticulum 


solitary rectal ulcer 


Vascular Causes 
Angiodysplasia and vascular ectasias 


Gastroesophageal varices 
Congestive gastropathy 
Hemangiomas 


Drugs 
Nonsteroidal antiinflammatory drugs 


Extragastrointestinal Causes 
Hemoptysis 

Epistaxis 

Oropharyngeal bleeding 


Infectious Causes 
Hookworm 


Strongyloidiasis 
Ascariasis 

Tuberculosis enterocolitis 
Amebiasis 


Tumors and Neoplastic Causes 
Polyps 


Lymphoma 
Leiomyoma 
Lipoma 

Carcinoma 


Artificial Causes 
Hematuria 


Menstrual bleeding 
Nonspecific test positivity 


Miscellaneous Causes 
Long-distance running 


Coagulopathies 
Factitious 


Modified from Ahlquist DA. Approach to the patient with occult gastrointestinal bleeding. In: Yamada T, ed. Textbook of Gastroenterology. 


Philadelphia: JB Lippincott; 1991:620. 


TABLE 13.5 Pertinent Physical Findings 
in Gastrointestinal Bleeding 


Exam Finding 


Splenomegaly 
Caput medusae 


Palmar erythema 
Spider angioma 
Jaundice 


Hemangioma 


Palpable purpura 


Hyperpigmented lesions of the oral 
or anal mucosa 


Oral ulcers 

Perianal fistula 

Perianal skin tag 
Erythema nodosum 
Pyoderma gangrenosum 


Associated Disorder 


Portal hypertension and 
esophageal varices 


Liver disease 


Vascular malformations in 
gastrointestinal tract 

Henoch-Schönlein purpura or 
other vasculitis 


Peutz-Jeghers syndrome (GI polyps) 


Inflammatory bowel disease 


and hemangiomas may indicate such diseases as Osler-Weber-Rendu 
syndrome and ataxia-telangiectasia, or they may simply suggest a pre- 
disposition for vascular malformations. Palmar erythema, spider 
angioma, or jaundice suggests underlying liver disease. Scleral icterus 
may be subtle but can be the first sign of liver disease and may be more 
easily appreciated than jaundice in darker-skinned individuals. 


FIGURE 13.1 Prominent venous pattern on the abdomen. 


$ Differential Diagnosis 


In infants, esophagitis, gastritis, and ulcers are the most common 
causes of upper gastrointestinal bleeding. Esophagitis may be associ- 
ated with dysphagia, irritability, and arching with feeds (see Chapter 
12). Milk protein sensitivity should be considered as well, although it 
more often presents with blood in stool. Trauma or infection (such as 
cytomegalovirus, herpes simplex, or fungal) can cause mucosal irrita- 
tion presenting as hematemesis. Anatomic abnormalities including 
duplication cysts or vascular abnormalities may also lead to hemateme- 
sis or melena in infants. 
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FIGURE 13.2 Endoscopic view of fundus showing area of prolapse 
gastropathy. 


In older children, mucosal lesions remain common causes of bleed- 
ing. Mallory-Weiss tears are associated with repeated forceful vomiting 
from a variety of causes (e.g., acute gastroenteritis). The forcefulness 
of the vomiting causes a tear in the distal esophagus at the level of the 
lower esophageal sphincter. The history is generally one of frequent 
nonbloody vomiting that then becomes hematemesis. Prolapse gas- 
tropathy, caused by prolapse of gastric mucosa into the distal esopha- 
gus, can similarly occur after forceful vomiting and lead to hematemesis 
(Fig. 13.2). Reactive gastritis secondary to medication (NSAIDs) or 
infection (H. pylori) are also common causes of upper gastrointestinal 
bleeding. Children with known or unknown liver disease can develop 
esophageal varices that may lead to large-volume hematemesis and 
melena (or hematochezia if bleeding is brisk). Ulcers, although rare, 
can also lead to significant blood loss and may be related to H. pylori 
infection, stress such as surgery or burns, and foreign body ingestion, 
specifically button batteries, which can lead to significant bleeding. 


HEMATOCHEZIA: LOWER 
GASTROINTESTINAL BLEED 


$ History 


Chronicity of bleeding is essential to ascertain because infectious colitis 
may cause acute bloody diarrhea, while inflammatory bowel disease 
generally presents with a more prolonged history (see Chapter 11). 
Presence or absence of pain can also help distinguish between causes 
of bleeding. Severe, acute abdominal pain is often present in patients 
with vascular compromise, such as in intussusception, midgut volvu- 
lus, and bowel ischemia (e.g., Henoch-Schénlein purpura), while 
painless rectal bleeding suggests a Meckel diverticulum, polyp, or 
angiodysplasia. Growth failure is suggestive of inflammatory bowel 
disease, specifically Crohn disease; constipation points to the possibil- 
ity of an anal fissure (see Chapter 16) or Hirschsprung disease with 
enterocolitis. Information regarding travel (either by the patient or by 
visitors), sick contacts, daycare exposure, camping, and antibiotic 
exposure may reveal potential infectious causes. Family history of 
polyps or colon cancer is important given the inherited polyposis 
syndromes, as is a family history of inflammatory bowel disease. 


Z: nay ipie ¿x N 


FIGURE 13.3 Skin tags and fistulas as in Crohn disease. 


® Physical Examination 


Physical exam in any patient with gastrointestinal bleeding must begin 
with assessment of hemodynamic status. In addition to a general exam, 
for patients with hematochezia, a rectal exam is important to evaluate 
for fissures as well as skin tags and fistulas, which may be seen in Crohn 
disease (Fig. 13.3). Local intense tenderness, fever, and erythema of the 
perianal area may suggest group A B-hemolytic streptococcus infec- 
tion. Infants and toddlers may have a palpable right lower quadrant 
abdominal mass, which suggests intussusception. Skin examination 
may show purpura which, although not always present initially, is seen 
in Henoch-Schénlein purpura; it may also be seen in hemolytic uremic 
syndrome. Erythema nodosum or pyoderma gangrenosum is present 
in approximately 3% of children with inflammatory bowel disease and 
may correlate with disease severity. 


© Differential Diagnosis 


Anal fissures are probably the most frequent cause of streaks of bright 
red blood mixed with stool. The bleeding may be associated with hard 
bowel movements but may occur from straining with normal bowel 
movements. There is also an association with group A streptococcal 
perianal cellulitis and bleeding. Anal fissure may be a manifestation of 
milk protein allergy with resultant perianal inflammation and subse- 
quent constipation to avoid painful defecation. More often, a milk 
protein allergy will present with specks of blood within the stool. There 
may be a history of increasing frequency and amount of blood and 
mucus in the stool. The infant may exhibit cramping with bowel move- 
ments and vomiting may be part of the presentation. Often there is a 
family history of food allergies. Milk protein allergy can be seen in 
infants fed cow’s milk- or soy protein-based formulas, as well as in 
breast-fed infants. Ischemic bowel disease, including necrotizing 
enterocolitis and volvulus, may lead to rectal bleeding and an acutely 
ill, sick-appearing neonate or infant. Risk factors for necrotizing 
enterocolitis include prematurity, cardiac surgery, polycythemia, 
chronic diarrhea, and gastrointestinal malformations. 


Infectious colitis is common in both infants and children and 
causes frequent, often watery, bloody bowel movements (see Chapter 
11). There may be cramping pain before and during the bowel move- 
ment as a result of the colitis. Common pathogens include Salmonella 
and Shigella organisms, especially with dysentery type stools, but E. coli 
O157:H7, Campylobacter species, Yersinia species, and Entamoeba his- 
tolytica should also be considered. Clostridium difficile is a common 
cause of hematochezia in older children but is also found in healthy 
infants without causing disease due to lack of toxin receptors in the 
immature colon. 

For young children, intussusception and Meckel diverticulum are 
common causes of hematochezia. The hallmark of intussusception is 
the presence of “currant jelly” stools associated with colicky abdominal 
pain, lethargy, or irritability. Meckel diverticulum occurs in 1-3% of 
the population and manifests by the age of 2 years in about 50% of 
patients. Bleeding results from mucosal ulceration secondary to secre- 
tion of gastric acid or pepsin from ectopic gastric or pancreatic tissue, 
respectively, in the tip of the diverticulum. It is usually brisk and pain- 
less with blood ranging from dark red to bright red. 

Juvenile polyps also present with painless rectal bleeding but are 
uncommon in children under 1 year of age with peak incidence 
between ages 5 and 7 years. They are more common in boys and non- 
Caucasian races. Most juvenile polyps occur in the distal colon and 
may cause bleeding from autoamputation as they outgrow their blood 
supply. These polyps are generally benign but adenomatous polyps in 
children suggest an inherited disorder, such as familial adenomatous 
polyposis (FAP). Affected individuals with FAP are at significant risk 
for the development of colonic carcinoma and require repeated colo- 
noscopies and, eventually, prophylactic colectomy and ileoanal pouch 
procedures. 

In older children, inflammatory bowel disease becomes a more 
common cause of hematochezia. The rectal bleeding varies from occult 
to frank blood in the bowel movements. Blood is present in 100% of 


TABLE 13.6 Laboratory Findings 
Suggestive of a Diagnosis 


Lab Finding 
Hgb/HCT 


Significance 

Normal hemoglobin or hematocrit does 
not rule out significant bleed as it 
may take time to equilibrate 

Low MCV 


Low platelets 


Chronic blood loss 


HUS, hypersplenism (secondary to 
portal hypertension), ITP, DIC 


Elevated prothrombin time 
Increased BUN/Normal Cr 
Increased BUN/Elevated Cr US Ole r: 
Decreased albumin IBD or liver disease 
Elevated ESR/CRP IBD 

Elevated AST/ALT 
Elevated bilirubin 


Liver disease, coagulation disorder, DIC 
UGI bleed more likely 


Liver disease 
Liver disease 


ALT, alanine aminotransferase; AST, aspartate aminotransferase; 
BUN, blood urea nitrogen; Cr, creatinine; DIC, disseminated 
intravascular coagulation; ESR, erythrocyte sedimentation rate; 
Hgb/HCT, hemoglobin/hematocrit; HSP, Henoch-Schonlein purpura; 
HUS, hemolytic uremic syndrome; IBD, inflammatory bowel disease; 
MCV, mean corpuscular volume; UGI, upper gastrointestinal. 
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cases of ulcerative colitis but in only 30-50% of cases of Crohn disease. 
Inflammatory bowel disease is generally accompanied by fever, weight 
loss, and rectal bleeding (see Chapter 11). 

Henoch-Scho6nlein purpura is a vasculitic syndrome that can cause 
bloody stools. It is often accompanied by cramping abdominal pain, 
purpuric rash (palpable purpura), joint swelling, scalp edema (infants 
and toddlers), and occasionally, nephritis (see Chapter 20). 


OCCULT BLOOD LOSS 


Occult blood loss most often presents as iron-deficiency anemia or 
may be detected during evaluation for abdominal pain, vomiting, diar- 
rhea, or weight loss (see Table 13.4). 


$ Laboratory Evaluation 


Initial laboratory evaluation should include a complete blood count 
with differential and platelet count, coagulation profile, and a compre- 
hensive metabolic profile with total and direct bilirubin (Table 13.6). 
Patients with clinical signs of significant blood loss should have a blood 
typing with cross match sent. Guaiac testing can be performed on stool 
or emesis to confirm presence of blood. In patients with lower gastro- 
intestinal bleeding, stool should be sent for analysis of infectious 
causes. Urinalysis may be useful in patients with hematochezia with 
suspicion for hemolytic uremic syndrome. 


® Imaging 

Radiographs 

Abdominal radiographs should be obtained in all infants with acute 
hematochezia to look for pneumoperitoneum, pneumatosis intestina- 
lis, or hepatic portal vein gas suggesting necrotizing enterocolitis. Flat 
plate films may also identify intussusception, volvulus, abdominal 
masses, or foreign bodies (Fig. 13.4). Upper gastrointestinal contrast 
studies can discern anatomic lesions, such as strictures, stenosis, 


FIGURE 13.4 Flat plate film. 
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FIGURE 13.5 Abdominal ultrasound illustrating intusussception. A, Transverse plane shows target-like 
appearance of bowel. B, Longitudinal plane shows inner bowel loops (white arrows) telescoping through 
outer bowel loops (black arrows). Edema of affected bowel causes hyperechoic mucosa (M). 


atresias, malrotation, large ulcerations, and masses. Small bowel 
follow-through examination allows evaluation of the small bowel from 
the ligament of Treitz to the ileocecal valve. Areas of ulceration, 
mucosal thickening, and narrowing may be appreciated. An air or 
water soluble enema should be performed in infants and children in 
whom there is a concern of distal intestinal obstruction, such as intus- 
susception (see Chapter 10). In cases of intussusception, the enema not 
only aids in diagnosis but may also be therapeutic. Crohn disease and 
ulcerative colitis may be suggested by results of this test, but endoscopy 
is necessary for histologic confirmation of these diagnoses. 


Abdominal Ultrasound 


An ultrasound may be useful in patients with suspected liver disease 
to evaluate for portal hypertension. It may also be used in potential 
cases of intussusception or suspected large vascular malformations 
(Fig. 13.5). 


Computed Tomography 


CT scans may be useful in evaluating possible anatomic anomalies and 
may reveal signs of inflammation related to infectious or inflammatory 
colitis. CT enterography can localize an active lower gastrointestinal 
bleed. Given the radiation exposure, the value of a CT over other 
diagnostic modalities must be considered. 


Magnetic Resonance Enterography 


MRE can be useful in cases of occult bleeding or in suspected and 
known inflammatory bowel disease to evaluate for areas of inflamma- 
tion in the small bowel that may be causing blood loss. Patients must 
be awake and able to stay still through the prolonged study, which 
limits its utility in younger patients. 


Angiography 

Angiography may help identify the source of bleeding but is only sensi- 
tive for an active bleed at a rate of at least 0.5 mL/min. Nevertheless, 
angiography can identify extravasation of contrast in a Meckel diver- 
ticulum or the presence of vascular malformations of the bowel, which 
may be acquired or congenital. Therapeutic angiography can also be 
used to control gastrointestinal bleeding. 


Nuclear Imaging 

Nuclear medicine may determine the site of bleeding with minimal 
complications; it is associated with minimal radiation exposure and 
requires minimal sedation. Technetium 99m (99mTc) pertechnetate is 


FIGURE 13.6 Positive Meckel scan. Arrow indicates abnormal area of 
increased uptake in lower abdomen above bladder, consistent with 
gastric mucosa containing Meckel diverticulum. 


rapidly taken up by gastric mucosa and it is useful in identifying sites 
of bleeding secondary to ectopic gastric mucosa. Gastric mucosa is 
found in 90% of bleeding Meckel diverticula, and in these patients the 
Meckel scan has a sensitivity of 94% and a specificity of 97% in the 
pediatric population (Fig. 13.6). False-negative results have been 
reported frequently because of insufficient gastric tissue mass, down- 
stream washout of isotope, impaired blood supply, or suboptimal tech- 
niques. Positive identification may be improved by the administration 
of ranitidine to prevent excretion of pertechnetate from gastric tissue. 

Bleeding scans are performed by intravenously injecting techne- 
tium sulfur colloid. The agent is distributed quickly and is rapidly 
taken up by the reticuloendothelial system. It can detect a rate of bleed- 
ing of 0.1 mL/min. However, because the technetium is taken up by 
the reticuloendothelial system, this may hinder the search for bleeding 
sites behind the liver or spleen. Finally, the clearance is very rapid, with 
a half-life of 2 minutes, which means that bleeding has to be occurring 
at the time of the scan. 


The 99mTc pertechnetate—labeled red blood cell scan is a sensitive 
and accurate test for the localization of active bleeding. In cases of 
intermittent bleeding, a single injection of labeled cells allows repeated 
scans for up to 24 hours. It can detect as little blood as 0.5 mL/min. 


® Imaging 

Esophagogastroduodenoscopy (EGD) is the procedure of choice in 
identifying the site of upper gastrointestinal bleeding. EGD can also 
allow direct intervention at the bleeding site, as in the case of esopha- 
geal varices or a visible vessel in an ulcer crater. Endoscopic visualiza- 
tion of the stomach and duodenum should be performed even if the 
bleeding is thought to originate from esophageal varices. Of patients 
with proven esophageal varices, 50% may manifest bleeding from gas- 
tritis or peptic ulcer disease rather than the varices. Endoscopy, 
however, should not be performed until the patient is as hemodynami- 
cally stable as possible. Gastric lavage may be useful prior to upper 
endoscopy to remove any blood present in the stomach to allow for 
better views as well as to determine whether there is still active bleed- 
ing. Erythromycin can be given prior to endoscopy to accelerate gastric 
emptying and removal of blood from the stomach. 

Lower gastrointestinal tract bleeding can also be evaluated 
endoscopically. Procedures frequently used in children include procto- 
sigmoidoscopy and flexible colonoscopy. With the patient under 
appropriate sedation, lower gastrointestinal endoscopy allows for full 
exploration of the colon; identifies the presence of multiple lesions; 
allows for therapeutic intervention to bleeding lesions through elec- 
trocoagulation, laser therapy, or thermocoagulation; and allows for 
removal of bleeding lesions, such as polyps. Colonoscopy is indicated 
when there is melena or severe bleeding with no evidence of upper 
gastrointestinal lesions, when stools are guaiac-positive over a long 
time, and when examination of the terminal ileum is indicated to 
determine whether inflammatory bowel disease is present. One disad- 
vantage is that large amounts of luminal blood obscure visualization 
of a lesion. Before lower gastrointestinal colonoscopy, intestinal lavage 


FIGURE 13.7 Capsule endoscopy image revealing jejunal bleeding 
from a vascular malformation in a patient who presented with anemia 
refractory to iron supplementation. 
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with oral administration of polyethylene glycol should be used to 
remove as much of the luminal blood and stool as possible. 

Small bowel enteroscopy, or evaluation of the jejunum or proximal 
ileum, can be useful in the evaluation of occult bleeding. While its 
diagnostic yield varies by study, it allows for direct intervention if the 
source of bleeding is found. In addition, it has been employed intra- 
operatively to help identify lesions and guide surgical intervention. 


Capsule Endoscopy 


Wireless capsule endoscopy may be useful in patients with occult or 
apparent bleeding when other work-up, including an upper and lower 
endoscopy, have been negative. The patient swallows or has the capsule 
placed endoscopically and images are taken as the capsule passes 
through the small and large intestines, which can identify vascular 
malformations and other sources of bleeding (Fig. 13.7). The main risk 
is capsule retention and so children must be of a certain size and be 
evaluated for possible stricture prior to the study. 


® Treatment 

Resuscitation 

The severity of bleeding determines the general guidelines for treat- 
ment. For severe bleeding, initial management reestablishes and main- 
tains the intravascular volume. Subsequently, the site of blood loss 
must be determined and attempts made to stop the hemorrhage. 
Severe anemia also necessitates packed red blood cell transfusions after 
the intravascular volume deficit is corrected (Table 13.7). 

Although parents tend to overestimate the amount of blood lost by 
their child, a major error in the management of gastrointestinal bleed- 
ing is underestimating blood loss. The hematocrit may remain 
unchanged initially, despite significant blood loss, and therefore is not 
a good indicator of significant bleeding. If orthostatic blood pressure 
changes or tachycardia are present, the initial goal of treatment should 
be to hemodynamically stabilize the patient, maintain the intravascular 
volume, and provide adequate oxygen delivery to the tissues. A second 
potential error is the failure to establish adequate intravenous (IV) 
access. The largest possible IV catheter must be rapidly placed in a child 


TABLE 13.7 Initial Management of 


Patients with Hypovolemia Secondary to 
Gastrointestinal Hemorrhage 


1. Establish adequate intravenous (IV) access by placing 2 IV catheters. 
e Recommended catheter size: 
e Infant: 20 gauge 
e Child: 18 gauge 
e Adolescent: 16 gauge 
. Rapidly infuse saline or lactated Ringer solution, use smaller boluses and 
frequent monitoring in patients with suspected varices to avoid rapid 
increase In venous pressure and worsening of variceal bleed. 
. Carefully monitor pulse, blood pressure, and central venous pressure to 
avoid fluid overload. 
. Monitor urine output, skin perfusion, and orthostatic changes in pulse 
and blood pressure for early recognition of shock. 
. Transfuse with packed red blood cells to return oxygen-carrying capacity 
to normal. 
. Carefully record all fluids transfused, and estimate and record all 
recognized fluids lost. 


Moditied from Olson AD, Hillemeier AC. Gastrointestinal hemorrhage. 
In: Wyllie R, Hyams JS, eds. Pediatric Gastrointestinal Disease. 
Philadelphia: WB Saunders; 1993:253. 
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TABLE 13.8 Pharmacotherapy in Pediatric Gastrointestinal Bleeding 


Medication Mechanism of Action/Indication 


Ranitidine H,-receptor antagonist, acid reducer IV: 


Dosage 


<16 yr: 2-4 mg/kg/day divided every 6-8 hr (max dose: 50 mg/dose) 
>16 yr: 50 mg every 6-8 hr 


Oral: 


<16 yr: 4-8 mg/kg/day divided twice daily (max dose: 300 mg/day) 
>16 yr: 150 mg twice daily 


Famotidine H,-receptor antagonist, acid reducer 


Vor PO: 


<16 yr: 0.5 mg/kg/day nightly or divided twice daily (max dose 40 mg/day) 
>16 yr: 40 mg/day nightly or divided twice daily (max dose 40 mg/day) 


Í 


Pantoprazole Proton pump inhibitor, acid reducer IV: 


>2 yr: 0.8 or 1.6 mg/kg once daily (max dose: 80 mg/dose) 


Oral: 


<5 yr: 1.2 mg/kg/day once daily 
>5 yr: 20 or 40 mg once daily 


Omeprazole’ 


Proton pump inhibitor, acid reducer Oral: 


5 kg to <10 kg: 5 mg once daily 
10 kg to <20 kg: 10 mg once daily 
>20 kg: 20 mg once daily 


Lasoprazole' Proton pump inhibitor, acid reducer Oral: 


<30 kg: 15 mg once daily 
>30 kg: 30 mg once daily 


sucralfate Coats mucosal injury and binds bile acids to Oral: 
prevent further injury, inhibits pepsin in the 


presence of acid' 


Octreotide Somatostatin analog, selectively decreases IV: 


splanchnic blood flow 


40-80 mg/kg/day divided every 6 hr (max dose 1000 mg/dose) 


1-2 ug/kg initial bolus followed by 1-2 ug/kg/hr continuous infusion (doses up to 4 ug/kg/hr 


have been used) 
Following endoscopic intervention may taper dose by 50% every 12 hr and discontinue 
when dose is 25% of initial dose 


*Dosages listed are from Pediatric Lexi-Comp online formulary and do not apply to infants aged <3 mo. Evidence-based dosing of these 


medications is not well established. 


‘Proton pump inhibitors (PPIs) should not be administered in infants aged <1 yr without endoscopic evidence of acid-induced disease. 


*Use in conjunction with PPI may limit efficacy. 


with active bleeding. Blood loss should be replaced immediately with 
a crystalloid solution, such as normal saline or lactated Ringer solution. 
Initially, a fluid push of 20 mL/kg should be given, although resuscita- 
tion should be performed cautiously in patients who may have portal 
hypertension as overly aggressive resuscitation raises the venous pres- 
sure and could worsen bleeding from varices. In these patients, small, 
repeated fluid boluses with close monitoring are preferred to large 
volume boluses. If blood loss continues and the patient appears to be 
at risk for hypovolemic shock, infusion of normal saline or colloid 
solutions (5% albumin) can be continued until blood is available. 
Plasma is indicated if coagulation factors are depleted. Once bleeding 
has stopped, transfusions of packed red blood cells should continue, 
to slowly raise the hematocrit to 30% (10 g/dL hemoglobin) (for 
patients with variceal bleeding the goal is instead hemoglobin of 8-9 g/ 
dL). If continued blood loss necessitates multiple transfusions, fresh- 
frozen plasma and calcium should be given to replace coagulation 
factors and correct the hypocalcemia caused by the citrate in blood 
products. The platelet count in such patients must be monitored 
because thrombocytopenia may develop. 

If a nasogastric tube is inserted, the tube size is determined by the 
child’s age and size. A 12-French tube is used in infants and preschool 
children; a 14- or 16-French tube is appropriate for children of elemen- 
tary school age or older. Gastric lavage should be undertaken with 


room-temperature normal saline. The color of the gastric lavage fluid 
gives the physician an indication of the rate of bleeding. Lavage returns 
that are bright red indicate significant ongoing bleeding; pink-tinged 
or brown flecks in the solution indicate less significant or minimal 
bleeding. 

Maintaining a gastric pH of more than 4 is considered standard 
therapy for upper gastrointestinal mucosal bleeding. This can be 
accomplished with either H,-receptor antagonists or proton pump 
inhibitors. 


Vasoactive Agents 


In patients with suspected variceal bleeding, a continuous infusion of 
octreotide may be started. This agent reduces splanchnic blood flow 
with minimal disturbance to other organs. It is safer than vasopressin 
but has not been shown to have benefit in nonvariceal bleeding. Cus- 
tomarily, a bolus of octreotide (1-2 Ug/kg) is given over 5-10 minutes, 
and this is followed by a continuous infusion of 1 ug/kg/hr, although 
higher doses may be required. The infusion may help control the 
bleeding until definitive therapy (banding or sclerotherapy) is per- 
formed. After endoscopic intervention, octreotide infusions may be 
weaned slowly (every 12 hours) with close monitoring of the patient 
to ensure varices do not re-bleed. See Table 13.8 for additional 
pharmacotherapy. 
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FIGURE 13.8 Variceal banding is the preferred method for treating esophageal varices. A, Grade 3 esopha- 
geal varices in patient with cirrhosis. B, View of varices after band application. 


Endoscopic Modalities 


Most patients with gastrointestinal bleeding will undergo upper and/ 
or lower endoscopy for definitive diagnosis and treatment. For patients 
with mucosal lesions, such as ulcers or bleeding polyps, there are 
multiple therapeutic interventions available. Injection with a diluted 
epinephrine solution, thermal coagulation, laser photocoagulation, 
and endoscopic clips can be used to stop active bleeding. Vascular 
lesions may also be treated endoscopically. For patients with colitis, 
colonoscopy is used primarily to confirm diagnosis and extent of 
disease. 

Variceal banding is the preferred method for treating bleeding 
esophageal varices (Fig. 13.8 A and B). Ideally, the banding takes place 
after good control of acute bleeding, affording the endoscopist an 
unobstructed view of the varices. Side effects of this therapy are 
minimal, and the procedure is repeated weekly to monthly until the 
varices are obliterated. Sclerotherapy is also effective in controlling the 
acute bleeding from esophageal varices and may be performed weekly 
to monthly until the varices resolve. In young children whose upper 


esophageal sphincter is too small for the endoscopic banding device to 
pass, sclerotherapy may be the only option. Complications include 
esophageal ulceration and esophageal stricture. A number of sclerosing 
agents (e.g., ethanolamine, sodium morrhuate, ethanol, tetradecyl 
sulfate) are efficacious in treating varices. 

Surgical intervention is a definitive treatment for many of the ana- 
tomic anomalies causing gastrointestinal bleeding and may be per- 
formed in conjunction with endoscopy to identify the lesion. Vessel 
ligation may also be a necessary step in bleeding ulcers that cannot be 
controlled endoscopically. 


Interventional Radiology 


Selective embolization during angiography can be used to treat vascu- 
lar malformations and to control bleeding from ulcers. The rate of 
complications from angiography is 2%, whether the procedure is diag- 
nostic or therapeutic. In patients with intrahepatic portal hypertension 
with bleeding from gastrointestinal sites inaccessible to sclerotherapy 
or banding, coiling of varices or transjugular intrahepatic portosys- 
temic shunting may be beneficial. 


Gastrointestinal bleeding may occur anywhere along the gastro- 
intestinal tract and can range from occult blood loss to massive hemor- 
rhage. Approach to gastrointestinal bleeding begins with ensuring 
hemodynamic stability of the patient while obtaining a thorough 
history and physical exam to help determine upper versus lower source 
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of bleeding. Red flags include hemodynamic instability that necessi- 
tates immediate attention. Laboratory, radiologic, and endoscopic 
evaluation are used for confirmation of diagnosis and potentially 
treatment. 
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Hepatomeoaly 


Grzegorz W. Telega 


Hepatomegaly occurs commonly in children as a feature of primary 
liver disease or as a result of systemic disorders involving the liver and 
other organs (Table 14.1). Because of congenital anomalies, inborn 
errors of metabolism, and perinatal infections, there may be a greater 
number of disorders manifesting with hepatomegaly during infancy 
than during any other time of life (Table 14.1). Common symptoms 
of hepatic dysfunction, such as fatigue, fever of unknown origin, pru- 
ritus, failure to thrive, confusion, change in mental status, and diarrhea 
are nonspecific. Hepatomegaly and jaundice are frequently the findings 
that lead to an evaluation for liver disease. Causes of hepatomegaly 
associated with jaundice are discussed in Chapter 15. 


ASSESSMENT OF THE LIVER 


An accurate assessment of liver size is an important initial step in 
evaluating a patient with possible liver disease. Considerable patience 
may be necessary to obtain the required information. The patient 
should lie down in a supine position with the knees flexed. The abdom- 
inal muscles should be relaxed as much as possible. The provider 
should become familiar with the sensation of pressure over the abdom- 
inal wall in the lower abdomen in order to detect the difference while 
transitioning over the liver edge. The examiner should also be sure that 
the lower border of a massively enlarged liver is not missed by failure 
to palpate below the umbilicus. The lower edge of the liver should be 
determined by palpation just lateral to the right rectus muscle. Careful 
palpation of the liver edge along the lower border is important as 
enlargement of the liver can be asymmetrical in chronic cirrhosis, in 
Budd-Chiari syndrome, and with liver tumors. 

The lower edge of the liver is usually palpable in normal subjects 
with deep inspiration when it moves downward 1-3cm. In the 
newborn, the liver edge may be palpable 2-3 cm below the right costal 
margin, but that distance is usually less than 2 cm by 4-6 months of age. 
In older children, the liver edge is usually not more than 1 cm below the 
right costal margin except on deep inspiration. The liver may be nor- 
mally palpable in the midline several centimeters below the xiphoid. 

Palpation should always be combined with percussion of the upper 
and lower boundaries of the liver. The upper edge of the liver is deter- 
mined through percussion passing downward from the nipple line. 
The examiner may also define the lower edge through light percussion, 
moving upward from the umbilicus toward the costal margin. The 
anterior span of the liver is the difference between the highest and 
lowest points of hepatic dullness in the right midclavicular line. 

In the scratch test the stethoscope is placed over the right lower 
costal area. The examiner then scratches the skin of the abdomen and 
uses auscultation to detect the lower liver edge by using the difference 
in sound transmission over solid liver and hollow intestine. 

It is important to remember that physical examination has limita- 
tions. It may be difficult to detect the borders of the liver in patients 
with morbid obesity, ascites, pleural effusion, or extensive surgical 
scars. Physical examination determines only the external borders of the 
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liver and does not truly measure liver volume. A downward, tongue- 
like projection of the right lobe—the Riedel lobe—is a normal ana- 
tomic variant that is more commonly found in girls. It is a common 
error to express liver size and to define hepatomegaly on the basis of 
only the liver edge felt below the right costal margin. The liver may be 
displaced downward in patients with pulmonary disease, particularly 
with hyperaeration of the lungs. It may be difficult in some cases to 
distinguish masses arising from the right kidney or adrenal gland from 
an enlarged liver. 

Liver size changes with age in proportion to the body size (Table 
14.2). At birth, the liver constitutes approximately 4% of body weight 
and normally occupies a larger portion of the abdominal cavity than 
it does later in life. Liver weight increases twofold by the end of the 
first year of life, triples by the age of 3 years, and is increased sixfold 
by the age of 9 years. In the adult, liver weight is approximately 12 
times that in the neonate. 

The consistency and surface of the liver should be noted, including 
whether the liver edge is sharp or rounded and whether the liver 
surface is soft, hard, or irregular. The liver edge is normally soft, fairly 
sharp, and nontender. Livers enlarged because of congestive heart 
failure or because of acute infiltration by inflammatory cells or tumor 
are firm, have a somewhat rounded edge, and have smooth surfaces. 
In cirrhosis, the liver is hard and may have an irregular surface and 
edge. Tenderness generally suggests an acute process, as rapid disten- 
tion of the liver capsule causes pain. 

Hepatomegaly may resolve rapidly when congestive heart failure 
is controlled, biliary obstruction is relieved, diabetes is better con- 
trolled, or when massive liver cell necrosis leads to collapse of the 
liver tissue. 


$ History and Physical Examination 


Once the presence of hepatomegaly is established, the provider should 
focus on the aspects of the history and physical examination that will 
direct the diagnostic evaluation. Review of systems should focus on 
growth, achievement of developmental milestones, changes in mental 
status, vomiting, diarrhea, fevers, pruritus, easy bruising, bleeding, 
urine output, and abdominal distention. Obtaining a detailed family 
and travel history is important, as many conditions leading to hepato- 
megaly are genetic in nature or are a result of infections. The possibility 
of intentional or accidental drug intake should always be entertained. 
On physical examination, it is important to determine the presence or 
absence of jaundice, splenomegaly, ascites, change in mental status, 
tremors, neurologic abnormalities, fever, signs of malnutrition, promi- 
nent vascular patterns on the anterior abdominal wall (caput medusae, 
spider angiomas), arterial hypertension, hypotension, bruising, pete- 
chiae, hemangiomas, pallor, obesity, renal enlargement, masses outside 
of the liver, lymphadenopathy, muscle weakness, cyanosis, heart 
murmurs, tachypnea, tachycardia, abnormal eye exam (cataracts, 
Kayser-Fleischer ring), bone and joint abnormalities, and dysmorphic 
features. A pelvic exam in sexually active females may detect signs of 
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(See Nelson Textbook of Pediatrics, Fig. 304-4.) 
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TABLE 14.1 Causes of Hepatomegaly in Infants and Children 


Infection and Inflammation 

Viral hepatitis (hepatitis A, B, C, D, E; EBV; adenovirus, echovirus, TORCH) 
Autoimmune hepatitis 

Sepsis 

Perinatal infections 

Neonatal hemophagocytic lymphohistiocytosis (HLH) 
Allograft rejection 

Graft-versus-host disease 

systemic lupus erythematosus 

Juvenile idiopathic arthritis 

Primary sclerosing cholangitis 

systemic granulomatous disorders with hepatic involvement 
Sarcoid 

Tuberculosis 

Hepatic abscess (bacterial and parasitic) 

Parasitic infection 

Visceral larva migrans 

Schistosomiasis 

Malaria 

Liver flukes 

Kupffer cell hyperplasia 

Macrophage activation syndrome 


Biliary Obstruction 
Biliary atresia 


Choledochal cysts 
stricture of common bile duct 
Primary sclerosing cholangitis 


Infiltration 
Extramedullary hematopoiesis 


Erythroblastosis fetalis 

Thalassemias 

Metastatic tumors 

Neuroblastoma 

Wilms tumor 

Leukemia 

Lymphoma 

Hemophagocytic lymphohistiocytosis (HLH) 


Storage/Metabolic Disease 
,-Antitrypsin deficiency 
Wilson disease 


Infants of diabetic mothers 


Glycogen storage disease 
Galactosemia 
Tyrosinemia 

Cystic fibrosis 

Gaucher disease 
Niemann-Pick disease 
Gangliosidoses 
Hereditary fructose intolerance 
Mucopolysaccharidoses 
Amyloidosis 

Hepatic porphyrias 


Expansion of Extracellular Matrix 
Cirrhosis 


Fibrocystic disease (congenital hepatic fibrosis) 


Steatosis 
Malnutrition 


Nonalcoholic steatohepatitis (obesity) 
Neonatal iron storage disease 

Cystic fibrosis 

Parenteral nutrition 

Diabetes mellitus 

Hereditary fructose intolerance 
Galactosemia 

Wolman disease 

Cholesterol ester storage disease 
Mitochondrial hepatopathies 
B-Oxidation defects 

Medication toxicity (tetracycline, valproic acid) 


Hepatic Malignancy/Tumor 
Hepatoblastoma 


Hepatocellular carcinoma 
Hemangioma/hemangioendothelioma 


Vascular Congestion 
Congestive heart failure 


Budd-Chiari syndrome 
Venoocclusive disease 


Cystic Disease 
Fibrocystic disease 


Autosomal dominant polycystic kidney disease 
Isolated polycystic liver disease 


EBV, Epstein-Barr virus; TORCH, toxoplasmosis, other infections, rubella, cytomegalovirus, herpes simplex virus. 


TABLE 14.2 Normal Liver Span in Infants 
and Children 


Age Span (cm) 
Preterm infant 4-5 


Full-term infant 5-6.5 
1-5 yr 6-7 
5-10 yr 7-9 

10-16 yr 8-10 


a sexually transmitted infection, which can lead to Fitz-Hugh—Curtis 
syndrome. 


® Pathophysiology 


The pathophysiologic mechanisms underlying the enlargement of the 
liver are complex and heterogeneous. Hepatomegaly may reflect pro- 
liferation or enlargement or malfunction of one or more component 
structures of the liver, including liver parenchyma (hepatocytes), bile 
ducts (cholangiocytes, cysts), the reticuloendothelial system (Kupffer 
cells), interstitial tissue (stellate cells, collagen), blood (including 
hematopoietic cells), and blood vessels (endothelial cells). The liver 
also increases in size as a result of hepatic tumors, benign cysts, and 
infiltration of inflammatory or malignant cells. 

The liver is particularly susceptible to injury not only from drugs 
and other exogenous toxins, but also from endotoxins that arise after 
the activation of inflammatory cells and the production of cytokines. 
Inborn errors of metabolism can be responsible for disturbances of 
liver structure and function and can produce hepatomegaly. The liver 
can be enlarged because of storage of glycogen, lipid, or glycolipids 
within the hepatocyte. In glycogen storage disease, the cytoplasm of 
enlarged hepatocytes is filled with dense pools of glycogen particles 
that displace other organelles. Steatosis is a frequent finding in diabetic 
or obese patients and is characterized ultrastructurally by large lipid 
inclusions, which may almost entirely fill the cytoplasm of hepatocytes. 
In lysosomal storage disorders such as Gaucher disease and Niemann- 
Pick disease, there is marked involvement of Kupffer cells with lyso- 
somal inclusions characteristic of each disorder. Inclusions may also 
be present within hepatocytes; they contribute to hepatomegaly. 

In many cases of biliary obstruction, such as biliary atresia, there 
may be significant hepatic enlargement, related in part to fibrosis and 
portal tract edema. As part of the liver’s response to biliary obstruction, 
there may also be marked proliferation of small bile ductules that 
contribute to liver mass. Other conditions in which this could occur 
include choledochal cysts and common bile duct strictures. 

The liver is the largest reticuloendothelial organ, and Kupffer cells, 
which are intensely phagocytic cells that line the sinusoids, constitute 
15% of all the cells in the liver. In septicemia, hepatitis, and a number 
of other inflammatory conditions, hepatomegaly may result from pro- 
liferation and hyperplasia of Kupffer cells. Kupffer cells are involved in 
the cellular response to hepatocellular destruction. Kupffer cells also 
contribute to hepatomegaly in lysosomal storage disorders. 

Resident stellate cells produce collagen, leading to fibrosis and even- 
tually cirrhosis in response to injury of the liver from numerous causes, 
including infection, drug toxicity, and biliary obstruction. Hepatocel- 
lular injury can result in activation of stellate cells, which leads to the 
production of collagen and fibrosis. Fibrosis is a long-standing process, 
which may evolve over time to complete disruption of hepatic archi- 
tecture and cirrhosis. Although an end-stage cirrhotic liver is often 
small, it may be significantly enlarged during the early stages of evolu- 
tion. Congenital hepatic fibrosis is an inherited malformation of the 
liver characterized by the presence of broad bands of fibrous tissue and 
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numerous distorted bile ducts and vascular structures. All of these 
abnormal components contribute to marked enlargement and harden- 
ing of the liver. 

About 15% of the liver is occupied by sinusoidal and vascular 
structures. The liver is capable of rapid and massive enlargement in 
association with increased venous pressure. Distention of hepatic sinu- 
soids can be present in congestive heart failure, constrictive pericardi- 
tis, or obstruction of hepatic venous outflow as a result of thrombosis 
or endothelial damage from drug toxicity (venoocclusive disease). 

Since the liver serves as a secondary site of hematopoiesis, hepato- 
megaly can be caused by extramedullary hematopoiesis, particularly in 
young infants. Hepatomegaly can be the result of chronic inflamma- 
tion, hemolysis, hemophagocytic lymphohistiocytosis (HLH), or bone 
marrow failure. 

Hepatomegaly can occur as a result of cellular infiltration by 
inflammatory cells. Lymphocytic infiltrate is present in various forms 
of acute and chronic viral hepatitis, as well as in autoimmune hepatitis. 
Plasma cells may also be a prominent part of the infiltrate in auto- 
immune disease. Macrophages may also be observed, particularly in 
reaction to liver cell necrosis. The increase in liver size resulting from 
cellular infiltration may be balanced by loss of liver cell mass from liver 
cell necrosis or apoptosis. 

Cellular infiltration of the liver may also occur in malignant 
disorders such as leukemia. A number of intraabdominal malignancies 
such as neuroblastoma may metastasize to the liver, producing 
hepatomegaly. 

A variety of space-occupying lesions can lead to hepatomegaly. 
Cysts, either isolated or communicating with the biliary tract, tumors 
intrinsic to the liver, and hepatic abscesses can all be associated with 
hepatomegaly. Each must be differentiated by clinical features and 
defined more precisely by imaging studies. 


EVALUATION OF THE CHILD WITH 
HEPATOMEGALY 


Important historical or physical examination findings are noted in 
Tables 14.3 and 14.4. 


® Laboratory Studies 


Laboratory assessment of liver function in children with hepatomegaly 
is essential. Because of the large functional reserve of the liver, hepato- 
megaly may be the only indication of liver disease. The onset of symp- 
toms such as jaundice and bleeding may be delayed long after laboratory 
evidence of disturbed liver function is evident. Patients with progres- 
sive liver disease, including those with chronic viral hepatitis, Wilson 
disease, or ,-antitrypsin deficiency, may be asymptomatic for years or 
even decades. The pattern of liver test abnormalities may be helpful in 
suggesting whether the patient’s liver disease is primarily hepatocellu- 
lar or biliary in nature. Moreover, some laboratory studies, particularly 
when followed sequentially, may provide information about the syn- 
thetic, exocrine, metabolic (glucose, amino acids, lipids, detoxification) 
and endocrine (hyperaldosteronemia, vitamin D activation) liver func- 
tion. Laboratory data provide input into several prognostic models 
used in assessment of the mortality risk and in evaluation for liver 
transplant. 

All patients with hepatomegaly should have a complete metabolic 
panel (sodium, potassium, chloride, bicarbonate, creatinine, blood 
urea nitrogen (BUN), AST, ALT, albumin, glucose, lactate dehydroge- 
nase (LDH), alkaline phosphatase, total bilirubin, total protein), frac- 
tionated bilirubin (conjugated and unconjugated bilirubin), complete 
blood count, urinalysis, prothrombin time (PT), partial thromboplas- 
tin time (PTT), and fibrinogen. D-dimers should also be tested in 
patients with suspected sepsis or thrombosis. 


TABLE 14.3 Historical Features in the 
Diagnostic Evaluation of Hepatomegaly 
or Hepatosplenomegaly 


Symptom Diagnosis 


Failure to thrive Glycogen storage disease (infancy) types |, Ill, 
IV, IX, X 

Hereditary fructose intolerance 

Organic acidemias 

Wolman disease 

Cystic fibrosis 

Hemophagocytic lymphohistiocytosis 

Cholestatic liver disease 

Acute and chronic hepatitis 

systemic illness 

Hepatic abscess 

Hemophagocytic lymphohistiocytosis 

Viral infection 

Wolman disease 

Cholestatic liver disease 


Diarrhea 


Peculiar odor Organic acidemias 


Hepatic failure 


Wilson disease 

Porphyria 

Hyperammonemia (urea cycle disorders, 
organic acidemias) 

Drug intoxication/toxicity 

Hypoglycemia (glycogen storage disease, 
organic acidemias, B-oxidation defects) 


Neurologic/psychiatric 
symptoms in older child 


Hepatocellular Injury 


The concentrations of serum alanine aminotransferase (ALT) and 
aspartate aminotransferase (AST) are frequently studied to assess 
hepatocellular injury. The aminotransferases may be elevated as a 
result of hepatocyte necrosis induced by a number of infectious, 
inflammatory, or metabolic disorders or by drug toxicity. ALT is 
present in much lower concentration in most tissues other than the 
liver. AST is less specific, as it is present not only in liver but also in 
muscle and brain. Some patients with a systemic viral illness such as 
influenza may have acute rhabdomyolysis, which leads to a very 
marked increase in serum AST. Hemolysis may also lead to an elevation 
of this enzyme. Although in most cases of liver disease there is some 
elevation of aminotransferase values, significant liver disease (hepatic 
steatosis, hepatitis C infection, and many metabolic disorders) may be 
present even when these test results are normal. Aminotransferases do 
not reflect liver function and have little correlation with the specific 
diagnosis or prognosis. 


Biliary Injury 

Alkaline phosphatase and y-glutamyltransferase (GGT) are expressed 
in the bile collecting system. Their elevation can occur in both intra- 
hepatic and extrahepatic cholestasis. Alkaline phosphatase is found in 
several other tissues, including bone, small intestine, placenta, and 
kidney. Because children have a significant proportion of serum alkaline 
phosphatase activity originating from bone, this test may be of less value 
in the assessment of pediatric liver disease. Even minor bone trauma 
or vitamin D deficiency can lead to elevation of alkaline phosphatase. 
The tissue origin of alkaline phosphatase can be determined by frac- 
tionation of alkaline phosphatase isoenzymes. The normal newborn 
may have very high levels of GGT, up to 10 times the upper limit of 
normal for adults. Values of GGT for premature babies may be higher 
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than those for term infants during the first weeks after birth. In com- 
parison with other standard serum assays, that of GGT may be the most 
sensitive indicator of hepatobiliary disease, but it is not of value in 
determining a specific diagnosis. Nonetheless, the highest levels of GGT 
are found in biliary obstruction. GGT levels may be paradoxically 
normal or low in progressive familial intrahepatic cholestasis type 1 
and 2 and in some inborn errors of bile acid metabolism. 


Exocrine Function 


Because bilirubin requires conjugation with glucuronic acid in the 
hepatocyte, excretion across the canalicular membrane, and unob- 
structed passage through the biliary tree, the serum concentration of 
conjugated bilirubin represents a test of exocrine liver function. It is 
important to remember that the pathophysiologic effects of cholestasis 
are more directly related to bile acid excretion. Insufficient bile acid 
levels in the intestinal lumen lead to fat malabsorption, fat-soluble 
vitamin deficiencies, and steatorrhea. Analysis of serum bile acid levels, 
vitamin A, 25-hydroxy vitamin D, vitamin E, PT/international normal- 
ized ratio (INR), and measurement of fecal fat may further define the 
extent of exocrine dysfunction (see Chapter 15). 


Synthetic Function 


Albumin is the principal serum protein synthesized by the liver and 
has a half-life in serum of approximately 20 days. A decrease in serum 
albumin concentration may result from decreased production by the 
liver caused by severe impairment of liver function or significant loss 
of liver parenchyma. Serum albumin may also be low because of loss 
into the urine or the gastrointestinal tract. 

The liver plays a central role in the production of coagulation 
factors. The PT and PTT are reasonable tests of liver synthetic capacity 
once vitamin K deficiency has been excluded. All of the clotting factors 
except factor VIII are exclusively made by the hepatocyte. The half-life 
of several clotting factors is short (factor VII has a half-life of 3-5 
hours), and so the PT rapidly reflects changes in hepatic synthetic 
function and serves as a prognostic indicator in patients with fulmi- 
nant hepatic failure. Caution should be used in interpreting a pro- 
longed PT or PTT as sepsis with disseminated intravascular coagulation 
may cause abnormalities. 


Metabolic Function 


Many tissues can break down glycogen or produce glucose-6-phosphate 
via the gluconeogenesis pathway for local energy production inside the 
cell. The liver is the only organ that is able to release glucose into cir- 
culation. Patients with hepatic failure, glycogen storage diseases, mito- 
chondrial diseases, fatty acid B-oxidation defects, pyruvate metabolism 
defects, Krebs cycle and gluconeogenesis defects, organic acidurias, or 
hereditary fructose intolerance may be hypoglycemic. Blood glucose 
level determination is essential in the evaluation of hepatomegaly, 
particularly in patients with alterations in their mental status. In the 
majority of conditions, hypoglycemia is associated with ketosis and 
lactic acidosis. Hypoglycemia in the absence of or with low levels of 
ketones in the urine strongly suggests a fatty acid B-oxidation defect or 
a mitochondrial disorder. Blood gas (and anion gap), serum amino and 
urinary organic acids, lactate, pyruvate, acylcarnitines, acylglycines, 
cortisol, insulin, thyroid function, and adrenocorticotropic hormone 
(ACTH) as well as the ratios of total and esterified to free serum carni- 
tine concentrations, should be determined in follow-up studies. 

The urea cycle is a series of enzymatic reactions converting highly 
toxic ammonia into less toxic urea. Ammonia is a ubiquitous 
by-product of amino acid metabolism. The urea cycle takes place 
exclusively in the liver. In liver disease, impairment of the urea cycle 
can be caused by destruction of hepatocytes, metabolic block at 
the level of the urea cycle, organic acid catabolism defects, or 
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TABLE 14.4 Physical Signs in the Differential Diagnosis of Hepatomegaly 


Sign Differential Diagnosis 


Asymmetric hepatomegaly Tumor, cyst, abscess 


Abdominal mass Congenital hepatic fibrosis/polycystic kidneys 

Extrahepatic tumors (neuroblastoma, Wilms 
tumor) 

Choledochal cysts 

Adenoma 

Hepatoblastoma 


Hepatocellular carcinoma 


Hepatic bruit Hemangioendothelioma 


Congenital infection 

Systemic infection (viral, bacterial, fungal) 
Cirrhosis 

Portal hypertension 

Lysosomal storage disease 

Lymphoma 


Splenomegaly 


Cutaneous hemangioma or 
telangiectasia 


Hemangioendothelioma 
Hereditary hemorrhagic telangiectasia 
Cirrhosis (vascular spiders) 


Coarse/dysmorphic facial 
features 


Mucopolysaccharidosis 

GM, gangliosidosis 

Glycoproteinoses (sialidosis, mucolipidosis II) 
Disorders of protein glycosylation 

Glycogen storage disease type | 

Alagille syndrome 

Zellweger syndrome 


Episodic acute 
encephalopathy/coma 


Disorders of fatty acid B-oxidation 

Hyperammonemia (urea cycle disorders, organic 
acidemias) 

Mitochondrial disorders 

Some urea cycle disorders (arginosuccinate 
lyase deficiency) 

Drug toxicity 


Skeletal deformities Sialidosis (dysostosis multiplex) 
Mucopolysaccharidoses (dysostosis multiplex) 
Gaucher disease (marrow 

infiltration, deformities, fractures) 


Mucolipidosis Il (restricted joint mobility) 


mitochondrial electron transport defects. Shunting of portal blood in 
cirrhosis or in congenital portosystemic shunts permits large amounts 
of ammonia and other toxins to bypass the liver and reach the systemic 
circulation directly. 

Hepatomegaly with an acute change in mental status should raise 
the possibility of a serious metabolic condition. Since both hypo- 
glycemia and hyperammonemia can lead to severe and irreversible 
brain damage, correction of these abnormalities should be considered 
an emergency. 

The liver is the main site of biosynthesis and processing of 
cholesterol, lipids, and lipoproteins. Liver disease may profoundly 
affect serum lipid and lipoprotein concentrations. In cholestatic liver 
disease there may be extreme elevations of free cholesterol and 
phospholipids. These abnormalities are accompanied by the presence 
of an abnormal low-density lipoprotein fraction called lipoprotein 
X. In end-stage liver disease and acute liver failure, serum cholesterol 
may be low. 


Sign Differential Diagnosis 
Skin findings 
Papular acrodermatitis 


Eczematoid rash 


Hepatitis B 
Histiocytosis 
Neurodegeneration Mucopolysaccharidoses (types IH, Il, Ill) 
Gaucher disease types II and Ill 

GM, gangliosidosis 

Niemann-Pick disease types A, B, C 
Glycoproteinoses 

Mucolipidoses 

Disorders of protein glycosylation 
Peroxisomal disorders (Zellweger syndrome) 
Mitochondrial disorders 


Hypotonia Glycogen storage disease type || 
Peroxisomal disorders (Zellweger syndrome) 
Mitochondrial disorders 


Mucolipidoses 


Malnutrition Cystic fibrosis 


Steatosis 

Virilization Hepatoblastoma 
Nonalcoholic fatty liver (female) 
Eye findings 

Cataracts 

Kayser-Fleischer rings 

Telangiectasias 

lritis 


Galactosemia 

Wilson disease 

Hereditary hemorrhagic telangiectasia 
Primary sclerosing cholangitis 


Cherry red spot Glycoproteinoses 
GM, gangliosidosis 
Niemann-Pick disease type B 


Posterior embryotoxon Acute hepatitis (viral, toxic, autoimmune) 

Congestion (heart failure, hepatic vein 
obstruction) 

Trauma (subcapsular hematoma, fracture, 
laceration) 

Abscess (hepatic, subphrenic) 


Cholangitis 


Enzymatic analysis of cultured lymphocytes or hepatic tissue may 
aid in the diagnosis. Genetic diagnosis is possible in a number of these 
disorders. 


Extrahepatic Involvement 


High levels of unconjugated bilirubin suggest the possibility of a con- 
current hemolytic disorder or may reflect inborn errors of conjugation 
(see Chapter 15). 

Neutropenia can be associated with splenomegaly/hypersplenism 
from portal hypertension, glycogen storage disease type Ib, Shwachman- 
Diamond syndrome, hemophagocytic lymphohistiocytosis (HLH), 
sepsis, leukemia, and neuroblastoma. 

Renal involvement can be reflected by elevated creatinine, inability 
to concentrate urine, or by Fanconi syndrome. This could raise suspi- 
cion for autosomal recessive polycystic kidney disease, tyrosinemia, 
glycogen storage disease type Ib, Wilson disease, hereditary fructose 
intolerance, or galactosemia. 


® Imaging Studies 


A plain film of the abdomen may initially suggest the possibility of 
hepatomegaly. Air may be seen within the portal venous system, a late 
finding in bowel infarction and necrosis, intraabdominal sepsis, and 
associated inflammatory bowel disease. Air may also be present within 
the biliary tree, especially in patients who have undergone recent 
biliary tract surgery or who have an enterobiliary fistula. Coarse calci- 
fications may be found in hepatoblastoma and laminated calcifications 
in hepatocellular carcinoma. Subacute abscesses and echinococcal cysts 
may also contain calcium. 

Ultrasonography is often the most useful initial imaging modality. 
It can assess gallbladder size, detect gallstones and sludge in the bile 
ducts and gallbladder, demonstrate ascites, and define cystic or obstruc- 
tive dilatation of the biliary tree. Extrahepatic anomalies may also be 
detected. Mass lesions in the liver, including tumors, cysts, abscesses, 
vascular malformations, and hematomas, can be defined. Abnormal 
echogenicity may suggest diffuse parenchymal liver disease including 
fatty infiltration or fibrosis. Doppler studies may be used to differenti- 
ate between vascular and nonvascular structures. The study may be 
particularly useful for assessing portal hypertension, in which portal 
venous flow may be decreased or reversed. 

Computed tomography (CT) with contrast provides useful infor- 
mation in differentiation of liver masses. CT angiograms and/or veno- 
grams are useful in defining the anatomy of vascular anomalies. 
Disadvantages of CT scans are the frequent need for sedation, potential 
renal toxicity of contrast, and risks from ionizing radiation. 

Magnetic resonance imaging (MRI) provides additional informa- 
tion about liver anatomy. Magnetic resonance angiography (MRA) 
may be of value in assessing the vascularity of masses within the liver. 
Magnetic resonance cholangiography is commonly used to assess the 
biliary tract with visualization of details previously possible only with 
transhepatic or endoscopic retrograde cholangiography. 

Hepatic scintigraphy can be useful for assessing the liver parenchyma 
and biliary tree. The most frequently performed study is hepatobiliary 
scintigraphy performed with a technetium 99m (”"Tc)—labeled imi- 
nodiacetic acid derivative. Biliary imaging with this technique provides 
information about patency of the biliary tract and gallbladder. ”’"Tc— 
sulfur colloid scanning may be used in assessing a patient with a mass. 
”*™Tc—sulfur colloid accumulates in Kupffer cells. Most malignant 
tumors, hemangiomas, abscesses, and cysts lack Kupffer cells and appear 
as “cold” spots on these scans. In contrast, a nodule taking up the isotope 
suggests a benign lesion containing Kupffer cells, such as a regenerative 
nodule of cirrhosis, fatty change, or focal nodular hyperplasia. 


Liver Biopsy 

Percutaneous, transjugular, or open-liver biopsy is one of the most 
important diagnostic tests in evaluating a child with hepatomegaly. 
Liver biopsy is essential in establishing a diagnosis and possibly prog- 
nosis in patients with chronic viral hepatitis, drug-induced liver 
disease, autoimmune hepatitis, and various metabolic disorders. 
Abnormal storage of material in hepatocytes or Kupffer cells and viral 
inclusions may also be found. Electron microscopy and immunohis- 
tochemical methods may aid in identification and localization of these 
abnormalities. Liver tissue may also be frozen for later biochemical or 
molecular analysis. 


SPECIFIC ISSUES IN THE DIAGNOSIS AND 
TREATMENT OF HEPATOMEGALY 


The clinical challenge in the evaluation of hepatomegaly is that there 
is a very broad differential with many relatively rare conditions. Tables 
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TABLE 14.5 Helpful Laboratory 
Abnormalities in the Evaluation 
of Hepatomegaly 


Wolman disease 
GM, gangliosidosis 


Vacuolated white blood 
cells in peripheral smear 


Neutropenia Glycogen storage disease type | 
Organic acidurias 
shwachman-Diamond syndrome 
Hemophagocytic lymphohistiocytosis 
Sepsis 

Leukemia 

Neuroblastoma 


Portal hypertension (hypersplenism) 


Wilson disease 

Autoimmune hepatitis 

Hemoglobinopathy (with extramedularry 
hematopoeisis) 


Hemolytic anemia 


Hypophosphatemia Glycogen storage disease type | 


Hereditary fructose intolerance 
Hypertriglyceridemia Glycogen storage disease type | 
Hemophagocytic lymphohistiocytosis 
Nonalcoholic fatty liver 


Elevated creatinine Disorders of fatty acid B-oxidation 
Reye syndrome 
Congenital hepatic fibrosis/autosomal 


recessive polycystic kidney disease 


Renal tubular dysfunction Tyrosinemia 

Glycogen storage disease type | 
Hereditary fructose intolerance 
Wilson disease 


Galactosemia 


14.4 and 14.5 list some of the physical signs and laboratory abnormali- 
ties that may be associated with hepatomegaly. Table 14.6 lists a step- 
wise approach for devising the differential diagnosis and directing the 
investigation. The first goal is to identify potentially life-threatening 
conditions, to focus on emergency measures to manage immediate 
threats to life, and to prevent irreversible end-organ damage. The 
second goal is to identify potentially treatable disorders requiring 
timely interventions. Ultimately, the clinician should focus on other 
chronic conditions in order to establish the diagnosis and prognosis. 
Some disorders may be corrected by liver transplantation; such patients 
should be promptly referred to a transplant center for evaluation. 


Hepatomegaly in the Infant 


Hepatomegaly in the neonate is commonly associated with liver dys- 
function and jaundice (see Chapter 15). In infants, jaundice is a fre- 
quent presenting feature of liver disease rather than a later manifestation 
of advanced liver disease, as in the older child or adult. The majority 
of infants with cholestatic liver disease manifest the disease during the 
first month of life. 

Changes in mental status, such as irritability or lethargy, poor 
feeding, and vomiting, are frequent symptoms in metabolic disorders. 
Urea cycle defects lead to hyperammonemia and acute encephalopathy 
associated with astrocyte swelling without axonal damage. Patients 
present with a change in mental status or ataxia. Severe or prolonged 
hyperammonemia ultimately leads to progressive irreversible changes 
in the brain characterized by cortical and brainstem gliosis and 
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TABLE 14.6 Evaluation of Patients with Hepatomegaly 


Jaundice —— n T OP —  — (+ 


Prominent vomiting ——— (+) 
or altered sensorium 


Progressive neurologic —— +) 
deterioration 


BI 


Prominent elevation of ——— o (+) 
serum aminotransferase levels 


i) 


Evidence of associated ———;r (+) 
systemic disease 


Isolated hepatomegaly —— (+) 
(with or without splenomegaly) 


*Disease that may result in cirrhosis. 


see Chapter 15 


Disorders of mitochondrial fatty acid B-oxidation 
Reye syndrome 
Congenital lactic acidemias 
Disorders of gluconeogenesis 
Respiratory chain defects 
Organic acidemias 
Urea cycle defects 
Disorders of carbohydrate metabolism 
Glycogen storage disease types | and Ill 
Hereditary fructose intolerance* 
Fulminant hepatic failure 
Peroxisomal disorders 
Zellweger syndrome” 
Lysosomal storage disease 
Niemann-Pick disease, Gaucher disease 
GM, gangliosidosis 
Mucopolysaccharidosis 
Wilson disease 
Acute hepatitis 
Chronic hepatitis B, C, and D 
Chronic drug-induced hepatitis* 
Autoimmune hepatitis* 
Wilson disease 
,-Antitrypsin deficiency” 
sclerosing cholangitis* 
Cardiovascular disease, right-sided heart failure* 
Inflammatory bowel disease 
Collagen vascular disease 
Hematologic disorders 
Leukemia 
Familial hemophagocytic lymphohistiocytosis* 
sickle cell disease 
Post—bone marrow transplantation status 
Diabetes mellitus 
systemic infection 
Cystic fibrosis 
Sarcoidosis 
Hepatic tumors 
Fatty liver" 
Hepatic cysts 
Hepatic abscess 
Congenital hepatic fibrosis* 
Choledochal cyst 
Hepatic outflow obstruction™ 
Glycogen storage disease type IV* 
Wolman disease* 
Cholesterol ester storage disease 
Niemann-Pick disease type B 
Gaucher disease (adult form)* 
Tyrosinemia™ 


neuronal atrophy. Symptomatology of galactosemia and tyrosinemia 
depends on the presence of nutritional substrates; thus irritability, 
lethargy, hepatomegaly, ascites, edema, and coagulopathy may manifest 
soon after feedings are initiated and evolve over the first weeks of life. 

A profound impairment of hepatic synthetic function, often in 
excess of that expected for the degree of cholestasis, may be an early 
indication of metabolic liver disease. Hepatic failure may be present in 
mitochondrial disorders, including both mitochondrial DNA muta- 
tions and mitochondrial DNA depletion syndromes. Multiple organs 
(brain, heart, skeletal muscle) may be involved in addition to the liver. 
Affected patients often have lactic acidosis, hypoglycemia, hypertri- 
glyceridemia, and an abnormal acylcarnitine profile. 

Neonatal hemochromatosis may manifest with hepatic failure at 
birth. Patients with neonatal hemochromatosis may benefit from treat- 
ment with plasmapheresis and may require liver transplantation. Diag- 
nosis of hemochromatosis also bears significance for future pregnancies. 
Hemochromatosis will develop in up to 80% of infants of mothers 
with a child diagnosed with hemochromatosis. As hemochromatosis is 
likely caused by maternal alloantibodies crossing the placenta and 
damaging the liver, the severity of hemochromatosis can be alleviated 
by prenatal administration of intravenous immunglobulin (IVIG). 

A number of clinical features may provide clues about the cause of 
neonatal cholestasis. An enlarged liver with a firm or hard consistency 
is more commonly found in infants with extrahepatic bile duct 
obstruction or neonatal hemochromatosis. Congenital infection may 
be associated with low birthweight, hepatomegaly, microcephaly, 
purpura, and chorioretinitis. Dysmorphic facial features may be seen 
in association with chromosomal abnormalities and with Alagille syn- 
drome. Congenital malformations, including cardiac anomalies, poly- 
splenia, intestinal malrotation, and situs inversus, may be found in the 
syndromic form of biliary atresia. In the polysplenia syndrome, a 
midline liver may be palpable in the hypogastrium. The spleen may 
also be enlarged with infection or as a result of portal hypertension. 
Hepatomegaly, as well as a mass in the right upper quadrant, may be 
felt in infants with a choledochal cyst. Infants may present with hepa- 
tomegaly, cholestasis, and sometimes hepatic failure related to infec- 
tion. Cytomegalovirus, herpes simplex virus, enteroviruses, echovirus, 
coxsackievirus and parvovirus B19 are sometimes isolated from infants 
with cholestasis and hepatomegaly. Hepatomegaly and cholestasis 
can also be associated with bacterial sepsis, syphilis, tuberculosis, and 
toxoplasmosis. o&,-Antitrypsin deficiency can present as hepatomegaly 
associated with cholestasis in infants. 

Infants with storage diseases can present with isolated hepato- 
megaly or hepatosplenomegaly and few other symptoms in the early 
stages. Hepatomegaly is a feature of these disorders because of a patho- 
logic accumulation of undegraded or partially degraded macromole- 
cules. The mucopolysaccharidoses, the lipid storage diseases, the 
mucolipidoses, and glycoprotein storage disease are examples of these 
disorders. The clinical features of lysosomal storage diseases are deter- 
mined by where the deficient enzyme is expressed and the rate of 
accumulation of the abnormal material. Hepatomegaly in the neonate 
can occur in Gaucher disease, Niemann-Pick disease type A, and 
Wolman disease. Neonatal hepatosplenomegaly and jaundice may 
occur in Niemann-Pick disease type C. Progressive neurologic dysfunc- 
tion may occur later. Hepatosplenomegaly accompanied by coarse facial 
features and skeletal abnormalities is present in infants with the GM, 
gangliosidoses and mucopolysaccharidoses. Significant liver disease 
may occur in some of these disorders, leading to chronic liver failure 
and cirrhosis. On the basis of clinical features and manifestations, 
specific enzymatic activities may be determined in peripheral white 
blood cell culture or in cultured skin fibroblasts to establish a precise 
diagnosis. Treatment options are limited for most of these disorders. 
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Enzyme replacement with recombinant f-glucocerebrosidase is 
effective in treating patients with Gaucher disease without neurologic 
involvement. Although of limited efficacy, bone marrow transplanta- 
tion has been used in patients with several of these disorders, including 
the mucopolysaccharidoses and Gaucher disease. 

Hepatomegaly is one of the most common findings in glycogen 
storage disorders. A common feature of glycogen storage disorders 
(GSD) is inefficient release of glucose from glycogen stores; this can 
lead to hypoglycemia when fasting. Since brain energy metabolism 
heavily depends on the availability of glucose, severe hypoglycemia can 
lead to metabolic strokes, irreversible brain damage, and death. 


Hepatomegaly in the Child and Adolescent 


Hepatomegaly in the child or adolescent may be an isolated finding on 
a routine physical examination or may be associated with many other 
clinical features related to systemic disease or impaired liver function. 


Steatohepatitis 


Fatty liver disease in the child and adolescent is associated with child- 
hood obesity. An increase in serum ALT value is found in 6% of over- 
weight children and 10% of obese children. A large number of U.S. 
adolescents may have fatty infiltration of the liver (nonalcoholic ste- 
atohepatitis). Nonalcoholic steatohepatitis should be suspected in any 
obese child with hepatomegaly and/or abnormal liver test results. Non- 
alcoholic steatohepatitis is more prevalent in Hispanic patients. Many 
of these children have features of metabolic syndrome, such as insulin 
resistance, arterial hypertension, and elevated serum cholesterol and 
triglyceride levels. In overweight children presenting with hepatomeg- 
aly and liver dysfunction, nonalcoholic steatohepatitis should be the 
primary diagnostic consideration, but other disorders, such as autoim- 
mune hepatitis and chronic viral hepatitis, must be ruled out. Imaging 
studies, including ultrasonography, MRI, and CT, may suggest altered 
composition of the liver consistent with steatosis. Liver biopsy is the 
definitive diagnostic test and should be considered in patients with 
persistently abnormal aminotransferases. The purpose of the biopsy is 
to establish the diagnosis of nonalcoholic steatohepatitis, rule out 
other conditions and evaluate the degree of steatosis, inflammation, 
and fibrosis. Steatohepatitis can progress to cirrhosis and chronic liver 
failure. Steatohepatitis is associated with increased mortality from car- 
diovascular disease and liver cancer. Obese patients with steatohepatitis 
should be enrolled in a weight-management program. Medications 
such as vitamin E and metformin could be considered. 


Viral Hepatitis 

Acute viral hepatitis should be considered in the child with hepato- 
megaly and liver dysfunction. The patient may be acutely ill with 
sudden onset of fever, anorexia, nausea, and vomiting. Jaundice may 
occur, but many children with acute viral hepatitis are anicteric. On 
physical examination, varying degrees of tender hepatomegaly may be 
defined. Hepatitis is confirmed by an elevation in serum aminotrans- 
ferase levels. Hepatitis may be caused by hepatotropic viruses (hepatitis 
A, B, C, D, or E) or by other viral infections that can involve the liver, 
such as cytomegalovirus (CMV), Epstein-Barr virus (EBV), adenovi- 
rus, enterovirus, and echovirus. Serodiagnosis of all of these infections 
is possible. The evaluation for various forms of hepatitis should include 
anti-hepatitis A virus immunoglobulin M (IgM), hepatitis B surface 
antigen, anti-hepatitis B core antibody, anti-hepatitis C antibody, 
CMV IgM or CMV polymerase chain reaction (PCR), and EBV sero- 
logic profile or EBV PCR. Therapy is available for hepatitis B, hepatitis 
C, and CMV hepatitis. Hepatitis B or C have the potential to evolve to 
cirrhosis over many years. Table 14.7 presents the main causes of 
chronic hepatitis in children. Chronic hepatitis B infection is defined 


TABLE 14.7 Causes of Chronic Liver 
Disease in Children 


Autoimmune hepatitis 
Type 1 (anti-smooth muscle antibody, antinuclear antibody positive) 
Type 2 (anti—liver-kidney microsomal antibody) 

o,-Antitrypsin deficiency 

Wilson disease 


Primary sclerosing cholangitis (overlap syndrome with autoimmune 
hepatitis) 
Viral hepatitis 
Hepatitis B 
Hepatitis C 
Hepatitis D 
Drugs 


by persistently elevated serum levels of hepatitis B DNA. Hepatitis C 
is an indolent infection with the potential to evolve to cirrhosis over 
several decades. However, some children, particularly when co-infected 
with human immunodeficiency virus, may have more rapidly progres- 
sive liver disease. Chronic hepatitis C infection is defined by the per- 
sistent presence of hepatitis C RNA in serum. As new antiviral agents 
are becoming available, eradication of hepatitis C is possible in the 
majority of adult patients though there are no clinically tested pediatric 
protocols currently. 


Toxins 


All patients presenting with hepatomegaly and liver dysfunction 
should be questioned about recent exposure to medications or envi- 
ronmental toxins. Acute and chronic hepatitis can be caused by a 
number of different medications such as isoniazid and methyldopa. 
Treatment of drug- or toxin-related liver injury is mainly supportive. 
Contact with the offending agent should be avoided. Corticosteroids 
may have a role in immune-related injury, as may occur with phe- 
nytoin. N-acetylcysteine therapy, by stimulating glutathione synthesis, 
is effective in preventing hepatotoxicity when administered within 16 
hours after an overdose of acetaminophen and appears to improve 
survival in patients with severe liver injury even 36 hours after toxin 
ingestion. Liver injury in most cases is completely reversible when the 
hepatotoxic drug is withdrawn. With continued use of certain drugs, 
such as methotrexate, the effects of hepatotoxicity may proceed insidi- 
ously to cirrhosis. 


Alpha-1-Antitrypsin Deficiency 

Children and adolescents with o,-antitrypsin deficiency may present 
with manifestations of chronic liver disease or cirrhosis with evidence 
of portal hypertension. Liver biopsy may show a chronic hepatitis with 
varying degrees of fibrosis. The diagnosis is established by determina- 
tion of the o,-antitrypsin phenotype (phenotypes ZZ and SZ cause 
liver disease) and may be confirmed by liver biopsy. Periportal hepa- 
tocytes demonstrate periodic acid—Schiff—positive diastase-resistant 
intracytoplasmic globules. Immunocytochemical studies confirm that 
this material is the abnormal ,-antitrypsin. There is no specific treat- 
ment other than to manage the complications of cirrhosis, cholestasis, 
and portal hypertension. Patients with o,-antitrypsin deficiency are at 
increased risk of hepatocellular carcinoma. Liver transplantation is 
curative, though the majority of the patients with o,-antitrypsin defi- 
ciency do not require liver transplantation. 


Wilson Disease 


Wilson disease is a metabolic disorder that may manifest with hepatic 
disease in childhood, ranging from asymptomatic hepatomegaly 
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(with or without splenomegaly) to subacute or chronic hepatitis 
or fulminant hepatic failure. Initial manifestations of Wilson disease 
may include portal hypertension, ascites, edema, and esophageal 
hemorrhage. Wilson disease can also present with extrahepatic symp- 
toms, such as hemolytic anemia, movement disorders, or mood disor- 
ders. Wilson disease is due to mutations in a copper-transporting 
P-type adenosine triphosphatase, which leads to a failure of biliary 
copper excretion and a progressive accumulation of copper in the liver 
and other organs. Lipid peroxidation, particularly of mitochondrial 
membranes, results from copper overload leading to the functional 
alterations in the liver and the brain. A low serum ceruloplasmin level 
suggests the diagnosis of Wilson disease. Serum copper levels may also 
be elevated, and urinary copper excretion is high, often up to 1000 ug 
or more per day. The diagnosis is confirmed with a quantitative deter- 
mination of copper in a liver-biopsy specimen. Treatment of Wilson 
disease involves chelation and urinary excretion of the excess copper. 
The most frequently employed agents are penicillamine and trientin. 
In response to chelation therapy, urinary copper excretion increases 
markedly, and this is associated with a gradual clinical improvement. 
Liver transplantation may be required for treatment of fulminant 
Wilson disease or in patients with decompensated cirrhosis. 


Autoimmune Liver Disease 


Several forms of autoimmune liver disease may also manifest with 
hepatomegaly during childhood and adolescence. Autoimmune hepa- 
titis is defined as a continuing inflammatory process manifested by 
elevated aminotransferase concentrations and a number of circulating 
autoantibodies. The severity at presentation is highly variable; affected 
children may have only biochemical evidence of liver disease, may have 
stigmata of chronic liver disease, or may present in hepatic failure. In 
25-30% of patients with autoimmune hepatitis, particularly children, 
the illness may mimic acute viral hepatitis; however, in most patients, 
the onset is insidious. The patient may be asymptomatic or have fatigue, 
malaise, behavioral changes, anorexia, and amenorrhea. Months or 
even years may pass before a liver problem is recognized with onset 
of jaundice or bleeding. There is a high association with extrahepatic 
disorders, including arthritis, vasculitis, nephritis, thyroiditis, celiac 
disease, inflammatory bowel disease and Coombs-positive anemia. 

Laboratory studies in autoimmune hepatitis reveal a moderate 
elevation, usually less than 1000 IU/L, of serum aminotransferase 
activities. Serum bilirubin levels are commonly 2-10 mg/dL. Serum 
alkaline phosphatase activity is normal or only slightly increased. A 
diagnosis of autoimmune hepatitis may initially be suggested by 
marked polyclonal elevations of serum gamma globulin levels. Char- 
acteristic patterns of serum autoantibodies may be present. The most 
common is formation of non—organ-specific antibodies such as anti- 
actin (smooth muscle), and antinuclear antibodies (type 1 auto- 
immune hepatitis). In this variant of autoimmune hepatitis, most 
patients present between 10 and 20 years of age. High titers of a liver- 
kidney microsomal antibody can be detected in type 2 autoimmune 
hepatitis that usually affects children between the ages of 2 and 14 
years. Liver biopsy is useful in confirming the diagnosis and assessing 
the degree of liver damage. Cirrhosis may be present at the time of 
diagnosis in children. 

Immunosuppressive medications are necessary to treat auto- 
immune hepatitis. Corticosteroid therapy, with or without low doses 
of azathioprine, improves the clinical, biochemical, and histologic fea- 
tures in most patients and prolongs transplant-free survival in most 
patients with severe disease. 


Primary Sclerosing Cholangitis 


Primary sclerosing cholangitis is an autoimmune disorder with the 
focus of injury being the biliary tract. The disorder may be difficult to 
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distinguish from autoimmune hepatitis, and some patients have an 
overlap syndrome with features of both disorders. Hepatomegaly is 
frequently present. Patients may be asymptomatic or have jaundice, 
pruritus, or abdominal pain. Although serum aminotransferase levels 
are elevated, there is more striking elevation of serum alkaline phos- 
phatase, 5’-nucleotidase, and GGT activities. Inflammatory bowel 
disease occurs in 50-75% of patients and may manifest at any time in 
the course of the liver disease. MR cholangiography reveals beading 
and irregularity of the intrahepatic and extrahepatic bile ducts. There 
is no definitive treatment. The course of the disorder is slowly progres- 
sive and eventually necessitates liver transplantation. 


Acquired Immunodeficiency Syndrome 


Hepatobiliary manifestations are common in patients with acquired 
immunodeficiency syndrome (AIDS). Hepatomegaly may be present, 
caused by a heterogeneous group of issues that includes viral hepatitis, 
opportunistic infections, medication-induced hepatic injury, malnutri- 
tion, peliosis hepatis, AIDS cholangiopathy, and neoplasms. Pathologic 
features that are most typical of pediatric AIDS include giant cell trans- 
formation and diffuse parenchymal lymphoplasmacytic infiltrates, the 
latter being associated with lymphoid interstitial pneumonitis. 


Other Infections 


Hepatosplenomegaly and anicteric hepatitis have been reported with 
cat-scratch disease, typhoid, brucellosis, tularemia, syphilis, Lyme 
disease, leptospirosis, Rocky Mountain spotted fever, Q fever, tubercu- 
losis, and actinomycosis. 


Fitz-Hugh—Curtis Syndrome 
Fitz-Hugh—Curtis syndrome is a perihepatitis associated with acute 
salpingitis. Symptoms and signs include acute onset of severe right 
upper quadrant abdominal pain, friction rub over the anterior liver 
surface, and physical signs of pelvic inflammatory disease on pelvic 
examination (see Chapter 18). 


Hepatic Abscess 


A pyogenic, fungal, or parasitic hepatic abscess is an unusual infection 
in children. Common clinical findings are fever, abdominal pain, and 
hepatomegaly, with or without tenderness. 

Pyogenic abscesses occur most frequently in infants who have had 
sepsis or umbilical infections. Cases in older children are usually asso- 
ciated with underlying host-defense defects, particularly human 
immunodeficiency virus, chronic granulomatous disease, and leuke- 
mia, or with occurrence of previous blunt trauma to the liver. Pyogenic 
abscess may follow an episode of appendicitis. Liver abscess may also 
occur in previously healthy children. Staphylococcus aureus and enteric 
and anaerobic bacteria are common etiologic agents. Liver function 
test results are commonly normal. Ultrasonography or CT scan con- 
firms the presence and number of lesions. Echogenic debris or gas may 
be seen. 

Amebiasis occurs in clusters in the southern United States, with 
person-to-person transmission in association with poor sanitation and 
crowding. Amebic abscess follows portal invasion by the parasite. The 
diagnosis is established by demonstrating a positive result on enzyme- 
linked immunosorbent assay for antibody to Entamoeba histolytica or 
by finding trophozoites or cysts in the stool. Toxocariasis and echino- 
coccosis are caused by abortive infection of the liver in humans with 
the natural parasite of dogs or cats. The diagnosis is confirmed by 
specific serologic profiles. 


Endocrine Disorders 


Hepatomegaly and mild elevations of aminotransferase levels and bili- 
rubin are common in hypothyroidism and are occasionally observed 
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in hyperthyroidism. An enlarged liver is often found in patients with 
diabetes mellitus, particularly those with severe or poorly controlled 
diabetes, mainly as a result of excessive glycogen deposition. An 
extreme, rare case of this process is represented by Mauriac syndrome, 
which is characterized by dwarfism, obesity, moon facies, hypercholes- 
terolemia, and marked hepatomegaly. Patients with acromegaly can 
also have mild to severe hepatomegaly as part of a generalized viscero- 
megaly associated with the disease. 


Liver Tumors 


Liver tumors are the third most common solid abdominal tumors, 
after neuroblastoma and Wilms tumor (see Chapter 17). Hepatic meta- 
static disease can also occur with many childhood neoplasms, most 
frequently neuroblastoma, leukemia, and lymphoma. The primary 
tumor location is usually known. 

Benign liver tumors account for 33% of cases of primary hepatic 
tumors. Benign liver tumors include hemangioendotheliomas, mesen- 
chymal hamartomas, focal nodular hyperplasia, and adenomas. Malig- 
nant tumors include hepatoblastoma, hepatocellular carcinoma, and 
undifferentiated embryonal cell sarcoma. Of all hepatic neoplasms, 
hepatoblastoma, hepatocellular carcinoma, and infantile hemangioen- 
dothelioma are the 3 most common, accounting for 65% of cases. Most 
hepatic tumors are asymptomatic or may manifest with abdominal 
distention, abdominal pain, weight loss, vomiting, or diarrhea. Any 
hepatic mass can present with acute abdominal pain caused by hemor- 
rhage into the tumor or peritoneal cavity. 

Hemangioendotheliomas are the most common benign hepatic 
tumors. Nearly 95% of all hemangioendotheliomas manifest in the 
first year of life. Congestive heart failure due to hyperdynamic circula- 
tion may be present in 10-15% of cases. In addition to hepatomegaly, 
anemia and hemangiomas of the skin, lungs, lymph nodes, pancreas, 
retroperitoneum, intestine, or bone may be seen with hepatic heman- 
gioendothelioma. Liver ultrasound shows a hyperechogenic mass fre- 
quently associated with increased vascular flow on Doppler evaluation. 
MRI or CT with intravenous contrast can be useful to further define 
the mass if sonographic evaluation is not conclusive. 

Typically, a mesenchymal hamartoma, which consists of multiple 
cysts filled with serous fluid separated by myxomatous stroma, has no 
capsule. Of mesenchymal hamartomas, 70% manifest in the first 2 
years of life. Hepatic adenoma is a rare benign tumor of the liver. Oral 
contraceptives, diabetes mellitus, glycogen storage disease, portosys- 
temic shunts, and androgen therapy for Fanconi anemia increase the 
risk of adenoma. 

Focal nodular hyperplasia (FNH) is caused by nodular regenera- 
tion of the liver around a focal scar of the liver parenchyma. FNH is 
seen predominantly in females and may occur at all ages. FNH is more 
common in patients who have congenital portosystemic shunts (Aber- 
nethy anomaly). 

The majority of patients with hepatoblastoma present before 2 
years of age and 90% by the age of 4. Hepatocellular carcinoma, and 
less commonly, undifferentiated embryonal sarcoma occur primarily 
in older children. Hepatocellular carcinoma is associated with heredi- 
tary tyrosinemia, ataxia-telangiectasia, glycogen storage disease type I, 
chronic hepatitis B or hepatitis C, o,-antitrypsin deficiency, auto- 
immune hepatitis, and familial cholestatic cirrhosis. Serial screening 
with periodic liver sonograms is indicated for patients with these dis- 
eases. If nodules are identified, the nature of the mass can be clarified 
with CT with contrast (triphasic CT) or MRI with contrast. 

Serum ot-fetoprotein (AFP) is the most useful marker of malignant 
liver tumors; 80-90% of hepatoblastomas and 60-90% of hepatocel- 
lular carcinomas are positive. The serum AFP level is normal in mes- 
enchymal hamartoma, focal nodular hyperplasia, and adenoma. The 
diagnosis is confirmed by needle biopsy, usually with CT guidance. 
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TABLE 14.8 Red Flags Suggesting Serious Liver Disease in a Patient with Hepatomegaly 


History 
History of prolonged hyperbilirubinemia in infancy 


History of neurologic or psychiatric disease 
Previous blood transfusion, intravenous drug use 
Past history of hepatitis 

Delayed puberty 

Gastrointestinal bleeding 

Family history of chronic liver or kidney disease 


Physical Examination 
Hard or nodular liver 


Splenomegaly 


Ascites 
Prominent abdominal venous pattern 
Growth retardation 


Hepatic Cysts 


The origin of solitary cysts is unknown. They are probably the sequelae 
of intrahepatic hemorrhage. Peliosis hepatis, characterized by multi- 
ple blood-filled spaces of varying sizes within the liver parenchyma, 
can be a complication of long-term treatment with anabolic steroids. 
Hepatomegaly, often with tenderness, may be present before any evi- 
dence of liver biochemical abnormality is evident. 

Choledochal cysts are defined as congenital dilation or outpouch- 
ing of large bile ducts. Though the majority of choledochal cysts are 
diagnosed in the first year of life, later presentation is possible. Chole- 
dochal cysts are associated with an increased risk of ascending cholan- 
gitis and cholangiocarcinoma; thus they should be surgically removed. 

Congenital hepatic fibrosis is almost universally associated with 
autosomal recessive polycystic kidney disease (ARPKD). Approxi- 
mately 40% of patients with congenital hepatic fibrosis have involve- 
ment of large bile ducts, which can be visualized by MR cholangiogram 
as multiple cystic dilations of the intrahepatic bile ducts (Caroli 
disease). Caroli disease is associated with an increased risk of ascend- 
ing cholangitis and sepsis, particularly in patients who underwent 
kidney transplantation for ARPKD. Recurrent cholangitis in patients 
with ARPKD can be an indication for combined liver/kidney 
transplantation. 


Hepatic Venous Outflow Obstruction 


Hepatic venous outflow obstruction is classified into 3 categories on 
the basis of the level of obstruction. Obstruction can occur at the level 
of hepatic venules (venoocclusive disease), hepatic veins (Budd-Chiari 
syndrome), or suprahepatic vena cava. Hepatic venous outflow 
obstruction manifests with acute ascites and tender hepatomegaly. 
Abdominal pain, distention, and splenic enlargement may be 


Muscle wasting 
Digital clubbing 
Palmar erythema 
Spider angiomata 
Arthritis 

Papular acrodermatitis 
Kayser-Fleischer rings 
Mental status changes 
Asterixis 


Laboratory Test Results 
Prolonged prothrombin time 


Hypoglycemia 
Decreased serum albumin 


prominent. Elevation of the aminotransferases or serum bilirubin level 
are present in the acute stage. 

The pathologic hallmark of venoocclusive disease is occlusion of 
central and sublobular hepatic veins by intimal edema and fibrosis. The 
illness classically follows ingestion of plants that contain a toxic pyr- 
rolizidine alkaloid, which can be present in bush teas and herbal medi- 
cines. Venoocclusive disease may also occur as a hepatic response to 
irradiation and induction for bone marrow transplantation. A familial 
form of venoocclusive disease associated with immunodeficiency has 
also been reported. The clinical diagnosis is based on either the 
McDonald (modified Seattle) or Jones (Baltimore) criteria. The 
McDonald criteria require the presence of 2 features from hepato- 
megaly with right-upper quadrant pain, total bilirubin of 34.2 umol/L 
or more (normal range <20 Umol/L), and ascites or unexplained 
weight gain >2% of baseline. The Jones criteria require a total bilirubin 
of 34.2 umol/L or more and presence of at least 2 of the following: 
hepatomegaly, ascites, and weight gain >5% of baseline. 

Budd-Chiari syndrome develops in a variety of conditions that 
predispose to thrombosis, including intake of oral contraceptives, preg- 
nancy, previous trauma, tumor invasion, cirrhosis, inflammatory bowel 
disease, collagen vascular disease, protein C deficiency, sickle cell 
anemia, polycythemia vera, and lymphoproliferative disorders. Mem- 
branous obstruction of the suprahepatic vena cava is the most common 
cause of suprahepatic outflow obstruction. However, thrombosis of the 
suprahepatic vena cava can occur in any condition that may precipitate 
Budd-Chiari syndrome. Diagnostic evaluation begins with pulsed 
Doppler sonography of the hepatic vessels. CT angiogram can further 
define the anatomy of the outflow obstruction. Liver biopsy in hepatic 
outflow obstruction reveals a characteristic pattern of sinusoidal dilata- 
tion with centrilobular congestion. Cirrhosis is a poor prognostic sign. 


Hepatomegaly that is persistent suggests a chronic illness, which with 
time may produce serious morbidity or mortality, despite an initial 
well appearance of the patient. It is important to determine whether 
the hepatomegaly is a result of a specific liver disease or whether it is 
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part of a generalized systemic illness. Red flags include signs of acute 
hepatic failure (coma, hemorrhage), developmental delay, failure to 
thrive, and those noted in Table 14.8. 
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Jaundice, the yellow discoloration of skin and sclerae, results when the 
serum level of bilirubin, a pigmented compound, is elevated. Jaundice 
is not evident until the total serum bilirubin is at least 2-2.5 mg/dL in 
children out of the neonatal period. 

Bilirubin is formed from the degradation of heme-containing com- 
pounds, particularly hemoglobin (Fig. 15.1). Microsomal heme oxy- 
genase, located principally in the reticuloendothelial system, catabolizes 
heme to biliverdin, which is then reduced to bilirubin by biliverdin 
reductase. This unconjugated bilirubin (UCB) is lipophilic and cannot 
be eliminated via the kidney because of its insolubility in water. It can 
easily cross cell membranes and the blood-brain barrier. UCB is trans- 
ported bound primarily to albumin. A receptor on the hepatocyte 
surface facilitates bilirubin uptake. Bilirubin is then conjugated with 
glucuronic acid by bilirubin uridine diphosphate glucuronosyltrans- 
ferase (UDPGT). UDPGT can be induced by a variety of drugs (e.g., 
narcotics, anticonvulsants, and contraceptive steroids) and by bilirubin 
itself. Enzyme activity is decreased by restriction of calorie and protein 
intake. 

Conjugated bilirubin (CB) is a polar, water-soluble compound. It 
is excreted from the hepatocyte to the canaliculi, through the biliary 
tree, and into the duodenum. Once CB reaches the colon, bacterial 
hydrolysis converts CB to urobilinogen. A small amount of urobilino- 
gen is reabsorbed and returned to the liver via enterohepatic circula- 
tion or excreted by the kidneys. The remainder is converted to 
stercobilin and excreted in feces. In neonates, B-glucuronidase in the 
intestinal lumen hydrolyzes CB to UCB, which is then reabsorbed and 
returned to the liver via the enterohepatic circulation. 

Hyperbilirubinemia can result from alteration of any step in this 
process. Hyperbilirubinemia can be classified as conjugated (direct) or 
unconjugated (indirect), depending on the concentration of CB in the 
serum. Conjugated and unconjugated are more accurate terms, because 
“direct” and “indirect” refer to the van den Bergh reaction, used for 
measuring bilirubin. In this assay, the unconjugated fraction is deter- 
mined by subtracting the direct fraction from the total and, therefore, 
is an indirect measurement. The direct fraction includes both conju- 
gated bilirubin and A-bilirubin, an albumin-bound fraction. Conju- 
gated hyperbilirubinemia exists when more than 20% of the total 
bilirubin or more than 2 mg/dL is conjugated. If neither criterion is 
met, the hyperbilirubinemia is classified as unconjugated. 

Unconjugated hyperbilirubinemia can be caused by any process 
that results in increased production, decreased delivery to the liver, 
decreased hepatic uptake, decreased conjugation, or increased entero- 
hepatic circulation of bilirubin. The primary concern in patients with 
high levels of unconjugated bilirubin is kernicterus, resulting from the 
neurotoxicity of UCB across the blood-brain barrier mostly in the 
basal ganglia, pons, or cerebellum. This is a concern primarily in 
neonates. 


Jaundice 


Grzegorz W. Telega 


Conjugated hyperbilirubinemia can occur due to hepatocellular 
dysfunction, biliary obstruction, and abnormal excretion of bile acids 
or bilirubin. 


DIAGNOSTIC STRATEGIES 


The causes of jaundice in the neonate and older infant are not the same 
as the causes of jaundice in the older child or adolescent (Figs. 15.2 
and 15.3). The approach to the problem varies with age. 


Bilirubin 

In any patient with jaundice, the total serum bilirubin should be frac- 
tionated, as the differential diagnosis of unconjugated hyperbilirubi- 
nemia is distinct from that of conjugated hyperbilirubinemia (see Figs. 
15.2 and 15.3). On occasion, hemolysis interferes with some assays and 
may result in a falsely elevated conjugated fraction. This can be prob- 
lematic with specimens obtained by heelstick or fingerstick. If the 
clinical picture is consistent with unconjugated hyperbilirubinemia, 
the assay should be repeated with a venous sample. 


Aminotransferases 


Aspartate aminotransferase (AST) and alanine aminotransferase 
(ALT) are frequently used as markers of hepatocellular injury. AST is 
expressed in mitochondria of the liver and cytosol of red blood cells 
and muscles; thus it is not specific for liver injury. Since ALT is less 
abundant outside of the liver, an increased ALT level is more suggestive 
of liver disease. Levels of both are markedly elevated (>5- to 10-fold 
normal) with hepatocellular injury caused by hepatitis, hepatotoxicity, 
ischemia, genetic or metabolic liver disorders. Elevation of AST in 
excess of ALT suggests extrahepatic source of injury. With acute biliary 
obstruction, there are initial sharp increases in ALT and AST levels and 
a rapid decline in 12-72 hours as obstruction is relieved. In chronic 
cholestasis, aminotransferases are usually only mildly elevated. With 
hepatocellular injury, ALT and AST levels tend to remain more signifi- 
cantly elevated longer. In acute liver failure a rapid decline in ALT and 
AST levels with worsening coagulopathy is a poor prognostic factor. 

It is important to remember that aminotransferases reflect cell 
injury, not liver function. There is no correlation between the severity 
of the liver dysfunction and the degree of elevation of ALT and AST 
levels. Temporal trends in serum aminotransferase levels are useful 
in monitoring disease activity in chronic viral and autoimmune 
hepatitis. 


Alkaline Phosphatase 


Alkaline phosphatase is an enzyme found in bile ducts, bone, intestine, 
placenta, and tumors. Elevations in the serum alkaline phosphatase 
level occur with hepatobiliary disease but also normal growth, healing 
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(See Nelson Textbook of Pediatrics, p. 872.) 
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FIGURE 15.1 Bilirubin production and metabolism. CB, conjugated bilirubin; CO, carbon monoxide; GST, 
glutathione S-transferase B; UCB, unconjugated bilirubin; UDP, uridine diphosphate; UDPGA, uridine diphos- 
phate glucuronic acid; UDPGT, uridine diphosphate glucuronosyltransferase. (Modified from Gourley GR. 
Jaundice. In: Wyllie R, Hyams JS, eds. Pediatric Gastrointestinal Disease: Pathophysiology, Diagnosis, 
Management. 2nd ed. Philadelphia: WB Saunders; 1999:89.) 
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FIGURE 15.2 Diagnostic approach to the neonate or infant with hyperbilirubinemia. *Also called congenital 
alloimmune hepatitis or neonatal hemachromatosis. ALT, alanine aminotransferase; AST, aspartate amino- 
transferase; CBC, complete blood count; DIC, disseminated intravascular coagulation; FAB-MS, fast atom 
bombardment mass spectrometry; GGT, y-glutamyltransferase; GI, gastrointestinal; PT, prothrombin time; 
PTT, partial thromboplastin time; T,, thyroxine; TSH, thyroid-stimulating hormone; VDRL, Venereal Disease 
Research Laboratory. 
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FIGURE 15.3 Diagnostic approach to the child or adolescent with hyperbilirubinemia. ALT, alanine amino- 
transferase; ANA, antinuclear antibody; ASMA, anti-smooth muscle antibody; AST, aspartate transaminase; 
CBC, complete blood count; DIC, disseminated intravascular coagulation; EBV, Epstein-Barr virus; ERCP, 
endoscopic retrograde cholangiopancreatography; GGT, y-glutamyltransferase; HAV, hepatitis A virus; HBc, 
hepatitis B core; HBsAg, hepatitis B surface antigen; IgM, immunoglobulin M; LKM, liver-kidney microsomal; 
MRCP, magnetic resonance cholangiopancreatography; PT, prothrombin time; PTC, percutaneous transhe- 
patic cholangiography; PTT, partial thromboplastin time. 


fractures, vitamin D deficiency, bone disease, pregnancy, and malig- 
nancy. Fractionation of the alkaline phosphatase isoenzymes can help 
to determine its site of origin. A mild increase can be seen transiently 
in normal individuals. In the evaluation of conjugated hyperbilirubi- 
nemia, an alkaline phosphatase level of greater than 3 times normal 
indicates cholestasis; a milder elevation is more consistent with hepa- 
tocellular disease. 


y-Glutamyltransferase 


The y-glutamyltransferase (GGT) level is more specific for biliary tract 
disease than are ALT and AST levels. GGT elevations are inducible by 
alcohol and certain drugs, including phenytoin and phenobarbital. 
GGT is found in a variety of tissues and can be elevated in chronic 
pulmonary disease, renal failure, and diabetes mellitus. The GGT con- 
centration is most helpful in confirming that an elevated alkaline phos- 
phatase level is a result of liver disease rather than bone disease and in 
differentiating familial cholestatic syndromes. 


Bile Acids 


Serum bile acids are a very sensitive measure of cholestatic disease. Bile 
acid levels may be elevated before an increase in bilirubin. Levels are 
generally very high in primary cholestasis and biliary obstruction but 
only mildly increased (more than twice normal) in hepatocellular 
disease. Bile acids should be measured while fasting. 


Albumin 


Albumin is produced in the liver, and levels can reflect hepatic syn- 
thetic function. Serum albumin levels can be useful in monitoring 
progression of chronic liver disease and in discriminating an acute 
illness from a previously unrecognized chronic disorder. Hypoalbu- 
minemia can also be secondary to nephrotic syndrome or a protein- 
losing enteropathy. Due to a long half-life (20 days), albumin is of 
limited use in assessing synthetic dysfunction in acute liver failure. 


Prothrombin Time 


Prothrombin time (PT) is the best marker of hepatic synthetic func- 
tion, as most clotting factors are produced in the liver. It is important 
not only to measure the PT but also to document the response to 
parenteral administration of vitamin K because vitamin K deficiency 
may be an alternative explanation of the elevation of the PT. With 
severe hepatocellular injury, there is little improvement in the PT. Dis- 
seminated intravascular coagulation and thrombosis of a major blood 
vessel should not be overlooked as the cause of a prolonged PT. 


Ultrasonography 


Ultrasound studies are useful, noninvasive, relatively inexpensive diag- 
nostic tools for the evaluation of liver disease. Ultrasonography pro- 
vides information on the size and consistency of the liver and spleen 
and anatomic abnormalities of the biliary tree, gallstones, and hepatic 
masses such as cysts, tumors, or abscesses. Dilated intrahepatic ducts 
may indicate extrahepatic obstruction; however, the absence of dilata- 
tion on ultrasonography cannot exclude obstruction, and further 
studies are required for definitive diagnosis. The utility of ultrasonog- 
raphy is limited in obese patients and in patients with excessive bowel 
gas. Doppler ultrasonography also demonstrates dynamic flow in 
hepatic blood vessels and the portal vein; it can identify vascular anom- 
alies of the liver and suggest presence of portal hypertension. 


Scintigraphy 

Hepatobiliary scintigraphy can aid in the diagnosis of biliary atresia. 
In a healthy individual, hepatic uptake and excretion of the radionu- 
clide via the biliary system are prompt. When there is an injury to the 
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hepatocyte, the uptake of radionuclide by the liver is diminished; 
however, the tracer should eventually be visualized in the intestinal 
tract. With obstructive processes, such as biliary atresia, uptake should 
be relatively normal unless the problem has been present long enough 
to have caused hepatocellular injury; however, there is no excretion 
into the intestinal tract. Administration of phenobarbital (5 mg/kg/ 
day) for 5 days before the study may increase bile flow and thus can 
increase the diagnostic accuracy. Unfortunately, a significant percent- 
age of patients with intrahepatic cholestasis and neonatal hepatitis do 
not demonstrate biliary excretion, and further evaluation is needed; 
thus final diagnosis is delayed. In patients with high level of suspicion 
for biliary atresia (acholic stools, high GGT), liver biopsy and percu- 
taneous cholangiogram provide a faster and more direct way to reach 
the diagnosis. 


Computed Tomography 


Computed tomography (CT) is useful for identifying mass lesions 
within the liver and when there are technical problems with ultraso- 
nography. CT with contrast can be used to define nature of liver 
tumors. CT angiography can define the anatomy of portal and hepatic 
circulation. CT has limited value in the evaluation of biliary anatomy. 


Magnetic Resonance 


MR studies provide valuable information regarding the anatomy of the 
liver. Since many imaging protocols can be used depending on the 
purpose of the study, contacting a radiologist prior to ordering the study 
is recommended. Cost and frequent need for sedation make MR evalu- 
ation the tool for secondary evaluation after screening imaging with 
ultrasound leaves diagnostic questions. MR imaging can demonstrate 
storage of heavy metals, such as iron in neonatal iron storage disease. 
MR with contrast can define the nature of liver tumors. MR angiogra- 
phy is useful in studying the vascular system, including the vascular 
supply of tumors. MR cholangiopancreatography (MRCP) visualizes 
abnormalities of the intrahepatic and extrahepatic biliary tree and is 
also quite useful in evaluating the pancreatic duct system. At this point 
resolution of MRCP is inadequate to diagnose biliary atresia. Unlike 
endoscopic retrograde cholangiopancreatography (ERCP) or percuta- 
neous transhepatic cholangiography (PTC), MRCP is noninvasive. 


Endoscopic Retrograde Cholangiopancreatography 


ERCP is performed for the evaluation of biliary anatomy. Unlike 
MRCP, ERCP is both diagnostic and potentially therapeutic for 
common duct stones and for strictures. Complications of the proce- 
dure include cholangitis and pancreatitis. ERCP is recommended for 
evaluation of biliary tree when therapeutic intervention is likely. 


Percutaneous Transhepatic Cholangiography 


PTC can be used as an alternative to ERCP as a diagnostic and thera- 
peutic tool in evaluating the biliary tree. Under ultrasound guidance, 
a needle is passed through the liver and into the biliary tree, and con- 
trast material is injected. If obstruction is identified, biliary drainage, 
if required, can be performed at the same time. PTC is contraindicated 
if there is marked ascites or irreversible coagulopathy. The complica- 
tions of PTC include bleeding, pneumothorax, infection, and bile 
leakage. 


Liver Biopsy 

Percutaneous liver biopsy is often necessary to determine the cause of 
conjugated hyperbilirubinemia. In some instances, a specific pattern 
of injury, such as paucity of bile ducts or bile duct proliferation, may 
be evident. In other cases, specific markers of disease may be identified 
(the distinctive inclusions in ©,-antitrypsin deficiency) or measured 


(metabolic enzyme activity). Ultrasound-guided biopsy is useful when 
a specific lesion needs to be evaluated or if there is abnormal anatomy 
of the liver. An open biopsy may be necessary when a large sample of 
tissue is needed or when there are contraindications to the percutane- 
ous approach, such as ascites or coagulopathy. Transjugular liver biopsy 
can reduce the risk of bleeding in patients with coagulopathy. The 
complications of liver biopsy are the same as those for PTC. 


JAUNDICE IN THE NEONATE AND INFANT 
$ History 


Evaluation of the infant with jaundice starts with a thorough history, 
including age at onset and duration of jaundice (see Fig. 15.2). In 
the neonate, the causes of jaundice range from a benign, self-limited 
process associated with immaturity of bilirubin excretion (physiologic 
jaundice) to life-threatening biliary atresia or metabolic disorders 
(galactosemia, fructosemia, tyrosinemia). In older infants, there are 
fewer benign explanations for jaundice. For example, physiologic 
jaundice generally resolves by 1-2 weeks of age, and jaundice associ- 
ated with breast milk usually resolves by the time the infant is 1 
month old. 

Acholic stools usually indicate obstruction of the biliary tree; 
however, nonpigmented stools can be seen with severe hepatocellular 
injury. The clinician should document the presence or absence of 
acholic stool in every infant evaluated for jaundice. The center of the 
stool should be examined because the outside may be lightly pig- 
mented from sloughed jaundiced cells of the intestinal tract. Delayed 
passage of meconium may be secondary to cystic fibrosis or 
Hirschsprung disease. Delayed passage of stools, by itself, can lead to 
increased enterohepatic circulation of bilirubin. 

Clues to the diagnosis of hyperbilirubinemia are often found in 
the prenatal and perinatal history (Table 15.1). Maternal infections 
that can be transmitted to the fetus or neonate, such as syphilis, 
toxoplasmosis, cytomegalovirus (CMV), hepatitis B, enterovirus, 
herpes simplex, and human immunodeficiency virus, are rare causes 
of cholestatic liver disease in the neonate. Prenatal growth pattern 
should be carefully evaluated. Perinatal infections such as CMV, 
rubella, and toxoplasmosis can present with intrauterine growth 
restriction. Premature infants are prone to higher bilirubin levels and 
more prolonged hyperbilirubinemia; they are also more likely to have 
risk factors for hyperbilirubinemia, such as delayed enteral feedings, 
require parenteral nutrition, and have perinatal insults with hypoxia 
and acidosis. 

Delay of feeding can contribute to both conjugated and unconju- 
gated hyperbilirubinemia; this effect is usually transient and should 
not be overinterpreted. Breast-feeding is associated with higher levels 
of unconjugated bilirubin and a longer duration of jaundice than in 
formula-feeding. Even when diagnosis of breast milk jaundice is likely, 
conjugated bilirubin should be checked because it provides an easy 
screening tool for liver disorders, including biliary atresia. Galactose- 
mia does not manifest in the infant who receives a lactose-free formula. 
Hereditary fructose intolerance is not clinically apparent until the 
infant ingests fluids or solids containing fructose or sucrose. Infants 
with metabolic disorders often present with a history of vomiting, 
lethargy, and poor feeding. Vomiting may also be a symptom of intes- 
tinal obstruction including malrotation/volvulus. 
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TABLE 15.1 


Diagnostic Clues in the 


Evaluation of Infants with Jaundice 


Symptom 
Prenatal/Perinatal Findings 
Polyhydramnios 

In utero growth restriction 


Vomiting/poor feeding 
Delayed passage of meconium 


Constipation, hypotonia, 
hypothermia 
Maternal preeclampsia 


Microphallus 


Intrahepatic cholestasis of 
pregnancy 
Repeated affected neonates 


Characteristic Facies 

Narrow cranium, prominent 
forehead, hypertelorism, 
epicanthal folds, large fontanel 


Triangular face with broad forehead, 


hypertelorism, deep-set eyes, long 
nose, pointed mandible 


Microcephaly 


Ophthalmologic Findings 
Cataracts 


Chorioretinitis 


Nystagmus with hypoplasia of optic 
nerve 


Posterior embryotoxon 


Perinatal Infections 
syphilis 

Toxoplasmosis 
Cytomegalovirus 

Hepatitis B 

Herpes simplex 

Enterovirus 

Human immunodeficiency virus 


Renal Disease 
RTA 


RTA 

Congenital hepatic fibrosis 
Alagille syndrome 
Arthrogyposis 


Possible Diagnosis 


Intestinal atresia 


Cytomegalovirus; rubella; 
toxoplasmosis 

Metabolic disorders 

Cystic fibrosis; Hirschsprung 
disease 

Hypothyroidism 


HELLP: fatty acid oxidation 


disorders 


Hypopituitarism associated 
with SOD 


PFIC type 2 and 3 


Alloimmune hepatitis 


Zellweger syndrome 


Alagille syndrome 


Congenital viral infections 


Galactosemia; rubella 
Congenital infections 


Hypopituitarism with septo-optic 


dysplasia (SOD) 
Alagille syndrome 


syphilis 
Toxoplasmosis 
Cytomegalovirus 
Hepatitis B 
Herpes simplex 
Enterovirus 

HIV infection 


Tyrosinemia 

Galactosemia 

ARPKD 

Alagille syndrome 
RTA-cholestasis syndrome 


HELLP, hemolysis, elevated liver enzymes, low platelets; PFIC, 
progressive familial intrahepatic cholestasis; ARPKD, autosomal 
recessive polycystic kidney disease; RTA, renal tubular acidosis. 


The family history can often provide direction to the evaluation, 
particularly with some of the less common hereditary disorders. This 
can include most of the metabolic disorders, hemolytic diseases, 
and disorders associated with intrahepatic cholestasis (Tables 15.2 
and 15.3). 
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TABLE 15.2 Differential Diagnosis of Unconjugated Hyperbilirubinemia in Neonates and Infants 


Physiologic Jaundice 
Breast-Feeding/Breast Milk Jaundice 
Polycythemia 

Diabetic mother 


Fetal transfusion (maternal, twin) 
Intrauterine hypoxemia 

Delayed cord clamping 
Congenital adrenal hyperplasia 
Neonatal thyrotoxicosis 


Hemolysis 
Isoimmune 


Rh incompatibility 

ABO incompatibility 

Other (M, S, Kidd, Kell, Duffy) 
Erythrocyte membrane defects 

Hereditary spherocytosis 

Hereditary elliptocytosis 

Infantile pyknocytosis 


Erythrocyte enzyme defects 


Glucose-6-phosphate dehydrogenase 
Pyruvate kinase 
Hexokinase 
Other 
Hemoglobinopathy 
Thalassemia 


Sepsis 
Hemangioma 
Congenital erythropoietic porphyria 


Infection 


Intestinal Obstruction 
Pyloric stenosis 


Intestinal atresia 

Hirschsprung disease 

Cystic fibrosis 

Enclosed Hematoma (Cephalohematoma, Ecchymoses) 
Congestive Heart Failure 

Hypoxia 

Acidosis 

Hypothyroidism or Hypopituitarism 
Drugs/ Toxins 

Maternal oxytocin 

Vitamin K 

Antibiotics 

Phenol disinfectants 

Herbs 

Familial Disorders of Bilirubin Metabolism 
Gilbert syndrome 

Crigler-Najjar syndrome types | and II 

Lucey-Driscoll syndrome 


Modified from Balistreri WF. Liver disease in infancy and childhood. In: Schiff ER, Sorrell MF, Maddrey WC, eds. Schiff’s Diseases of the Liver. 


8th ed. Philadelphia: Lippincott-Raven; 1999:1364. 


® Physical Examination 


With increasing levels of bilirubin, neonatal icterus becomes more 
extensive, spreading in a cephalopedal direction. Pallor may indicate 
hemolytic disease. Petechiae alert the clinician to thrombocytopenia, 
possible sepsis, congenital infections, or severe hemolytic disease. 

Dysmorphic face can be present in Zellweger syndrome or Alagille 
syndrome (see Table 15.1). The characteristic facies of Alagille 
syndrome may not be recognizable until later in childhood. Micro- 
cephaly that accompanies jaundice is associated with congenital viral 
infections. 

An ophthalmologic examination can demonstrate a variety of 
abnormalities. Cataracts are seen in galactosemia and rubella. Chorio- 
retinitis accompanies congenital infections (toxoplasmosis, syphilis, 
rubella, CMV, herpes simplex virus). Nystagmus with hypoplasia of the 
optic nerve suggests hypopituitarism associated with septo-optic dys- 
plasia. Posterior embryotoxon is found in Alagille syndrome. 

A heart murmur may be caused by an underlying congenital heart 
disease, which may be associated with Alagille syndrome, one of the 
trisomies, and syndromic forms of biliary atresia (polysplenia syn- 
drome). Heart disease that results in hepatic ischemia or congestion 
can be a cause of conjugated or unconjugated hyperbilirubinemia. 

Hepatomegaly, splenomegaly, and ascites may be caused by both 
hepatic and nonhepatic etiologies, but they always require evaluation 
as they are not associated with physiologic or breast milk jaundice. 

Microphallus can be associated with septo-optic dysplasia and 
hypopituitarism. 


$ Differential Diagnosis 


When a neonate has jaundice, a thorough history, including the obstet- 
ric history, and physical examination should provide most of the infor- 
mation necessary to determine whether the condition represents 
physiologic jaundice (see Fig. 15.2). A total and fractionated bilirubin 
measurement should be performed if there is any question about the 
diagnosis of physiologic jaundice. 


Physiologic and Breast Milk Jaundice 


In neonates, increased bilirubin production is caused by the normally 
increased neonatal red blood cell mass and the decreased life span 
of the red blood cells (80 vs 120 days). Albumin binding is decreased 
because of lower albumin concentrations and diminished binding 
capacity, which results in decreased transport of UCB to the liver 
with increased deposition in tissues. Uptake of bilirubin by the hepa- 
tocytes during the Ist weeks of life is defective. Low levels of glu- 
tathione S-transferase B decrease intracellular binding, which may 
impede the transport of UCB to the endoplasmic reticulum. Con- 
jugation is impaired by decreased activity of UDPGT. Secretion into 
the canaliculi is impaired. There is increased enterohepatic circulation 
of unconjugated bilirubin as a result of increased concentrations of 
8-glucuronidase in the intestinal lumen and as a result of decreased 
intestinal bacterial flora, leading to diminished urobilinogen forma- 
tion (see Fig. 15.1). 

These features contribute in varying degrees to physiologic jaun- 
dice, characterized by a peak bilirubin level of less than 13 mg/dL on 
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TABLE 15.3 Differential Diagnosis of Conjugated Hyperbilirubinemia in Infants 


Obstructive/Anatomic Disorders 
Biliary atresia 

Choledochal cyst 

Caroli disease (cystic dilatation of intrahepatic ducts) 
Congenital hepatic fibrosis 

Neonatal sclerosing cholangitis 

Bile duct stenosis 

Spontaneous bile duct perforation 

Anomalous choledochopancreaticoductal junction 
Cholelithiasis 

Inspissated bile or mucous 

Mass or neoplasia 


Infections 
Bacterial (gram negative) sepsis 


Urinary tract infection 
Listeriosis 

syphilis 
Toxoplasmosis 
Tuberculosis 
Cytomegalovirus 


Herpesvirus (herpes simplex, herpes zoster, human herpesvirus 6) 


Rubella virus 

Hepatitis B virus 

Human immunodeficiency virus (HIV) 
Coxsackievirus 

Echovirus 

Parvovirus B19 

Adenovirus 

Measles 


Metabolic Disorders 

o,-Antitrypsin deficiency 

Cystic fibrosis 

Citrin deficiency 

Neonatal hemochromatosis (neonatal iron storage disease) 


Endocrine Disorders 
Panhypopituitarism 


Hypothyroidism 


Disorders of Carbohydrate Metabolism 
Galactosemia 


Hereditary fructose intolerance (fructosemia) 
Glycogen storage disease type IV 


Disorders of Amino Acid Metabolism 
Tyrosinemia 
Hypermethioninemia 


Disorders of Lipid Metabolism 
Wolman disease 


Cholesterol ester storage disease 


Farber disease 
Niemann-Pick disease 
Beta-oxidation defects 
Gaucher disease 


Disorders of Bile Acid Synthesis and Metabolism 


Primary Enzyme Deficiencies 
3B-Hydroxy-A°-C,,-steroid dehydrogenase/isomerase 


A'-3-Oxosteroid 5B-reductase 
Oxysterol 7a-hydroxylase 


Secondary 
Zellweger syndrome (cerebrohepatorenal syndrome) 


Infantile Refsum disease 
smith-Lemli-Opitz syndrome 

Other enzymopathies 

Mitochondrial disorders (respiratory chain) 


Intrahepatic Cholestasis 
Alagille syndrome (arteriohepatic dysplasia) 


Nonsyndromic paucity of intrahepatic bile ducts 
Progressive familial intrahepatic cholestasis (PFIC) 
Type 1: Byler disease 
Type 2: Defect in the bile salt export pump 
Type 3: Defect in canalicular phospholipid transporter 
Benign recurrent intrahepatic cholestasis 
Greenland familial cholestasis (Nielsen syndrome) 
North American Indian cirrhosis 
Hereditary cholestasis with lymphedema (Aagenaes syndrome) 


Toxin- or Drug-Related 
Cholestasis associated with total parenteral nutrition 


Chloral hydrate 
Home remedies/herbal medicines 
Venoocclusive disease 


Miscellaneous 
Idiopathic neonatal hepatitis 


Autoimmune hemolytic anemia with giant cell hepatitis 
Shock or hypoperfusion (including cardiac disease) 
Intestinal obstruction 

Langerhans cell histiocytosis 

Neonatal lupus erythematosus 

Dubin-Johnson syndrome 

North American Indian childhood cirrhosis 
Trisomies (18, 21) 

Congenital disorders of glycosylation 

Kabuki syndrome 

Donahue syndrome (leprechaunism) 


Arthrogryposis, cholestatic pigmentary disease, renal dysfunction syndrome 


Familial hemophagocytic lymphohistiocytosis 


Modified from Balistreri WF. Liver disease in infancy and childhood. In: Schiff ER, Sorrell MF, Maddrey WC, eds. Schiff’s Diseases of the Liver. 
8th ed. Philadelphia: Lippincott-Raven; 1999:1370; Suchy FJ. Approach to the infant with cholestasis. In: Suchy FJ, Sokol RJ, Balistreri WF, eds. 
Liver Disease in Children. 2nd ed. Philadelphia: Lippincott Williams & Wilkins; 2001:188. 


postnatal days 3-5, a decrease to normal by 2 weeks of age, and a con- 
jugated fraction of less than 20%. In premature, breast-fed infants of 
diabetic mothers and in Asian and Native American infants, the peak 
is higher and lasts longer. Conjugated bilirubin should be checked if 
there is any question of the nature of jaundice. 

Breast-feeding has been associated with an increased incidence of 
unconjugated hyperbilirubinemia outside the expected range (>13 mg/ 
dL). Jaundice of this level may occur in 10-25% of breast-fed infants, 
in contrast to 4-7% of formula-fed infants. It can occur within the 
Ist 5 days of life and is referred to as “early” or “breast-feeding” jaun- 
dice. Breast-feeding jaundice is seen in infants who are not feeding 
adequately and may be dehydrated or malnourished. In a second group 
of breast-fed infants, the jaundice develops slowly, occurring after the 
Ist week of life, and peaks between the 2nd and 3rd weeks of life at 
10-20 mg/dL. This is referred to as “late” or “breast milk” jaundice. 
The precise cause of increased bilirubin levels in this latter setting has 
not been established; alternative theories include inhibition of gluc- 
uronosyltransferase activity and increased enterohepatic circulation 
of UCB. Kernicterus appears to be very rare but has been reported 
in association with breast-feeding. No treatment is necessary for 
physiologic jaundice. Practices that support breast-feeding, such as 
rooming-in on the maternity ward and frequent feedings, decrease the 
risk for breast-feeding jaundice. If the bilirubin exceeds 20 mg/dL in 
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the breast-fed infant, discontinuing breast-feeding for 24 hours results 
in a decreased bilirubin level. Phototherapy or exchange transfusion 
may also be needed. 

If there are any red flags, uncertainty about the diagnosis (Table 
15.4), or if treatment is being considered, the hyperbilirubinemia 
should be investigated further, including fractionation of the bilirubin. 
Any abnormality identified by history or physical examination is a 
matter of concern. 


Unconjugated Hyperbilirubinemia 


The differential diagnosis of unconjugated hyperbilirubinemia in the 
neonate and infant is presented in Table 15.2. Unless abnormalities in 
the history and physical examination direct the evaluation more spe- 
cifically, hematologic evaluation, which may identify causes of increased 
bilirubin production, should be performed. This includes a complete 
blood count with examination of the smear, a reticulocyte count, a 
direct Coombs test, and blood typing (mother and infant). 

Polycythemia. Neonatal polycythemia, defined as a hematocrit 
greater than 65% by venipuncture, can be caused by maternal diabetes, 
maternal-fetal or twin-twin transfusion, intrauterine hypoxemia, 
endocrine disorders, and delayed cord clamping (see Table 15.2). Poly- 
cythemia results in increased bilirubin production because of the 
increased red blood cell mass. 


TABLE 15.4 Red Flags in the Evaluation of Infants with Jaundice 


Onset 
<24 hr of age 


>2 wk of age 
Bilirubin 


Conjugated 
>20% of total or >2 mg/dL 


Total 
>13 mg/dL formula-fed 


>14-15 mg/dL breast-fed 


Course 
Increases by >5 mg/dL/day 


Persists beyond 14 days of age 


Prenatal History 
Maternal infection 


Maternal diabetes mellitus 
Maternal drug use 
Polyhydramnios 

Intrauterine growth restriction 


Delivery 
Prematurity 


Perinatal asphyxia 


Small for gestational age 


Feeding 
Delayed enteral feeding 


Vomiting 
Poor feeding 
Associated with change in formula 


Stools 
Acholic 


Delayed passage of meconium 


Family History 
Jaundice 


Anemia 

Liver disease 
Splenectomy 
Cholecystectomy 


Physical Examination 
Ill-appearing 

Pallor 

Petechiae 

Hematoma or ecchymoses 
Chromosomal stigmata 
Abnormal facies 
Microcephaly 

Cataracts 

Chorioretinitis 

Nystagmus 

Optic nerve hypoplasia 
Posterior embryotoxon 
Heart murmur 
Hepatosplenomegaly (or isolated hepatomegaly or splenomegaly) 
Ascites 

Acholic stools 

Dark urine 

Microphallus 


Hemolytic disorders. Reticulocytosis, unconjugated hyperbiliru- 
binemia, and an increased nucleated red blood cell count, with 
either a low or normal hematocrit, suggest hemolysis. This can 
result from isoimmunization; erythrocyte membrane, hemoglobin 
or enzyme defects; or sepsis with disseminated intravascular coagu- 
lation. Some causes of isoimmunization have low reticulocyte counts 
because the antibody binds to these precursor cells. Rarer causes 
of hemolysis include hemangiomas and congenital erythropoietic 
porphyria. 

Isoimmune hemolytic disease. In this group of disorders, mater- 
nal antibodies (immunoglobulin G) to the infant’s erythrocytes cross 
the placenta, resulting in red blood cell destruction. The administra- 
tion of anti-D gamma globulin (Rho[D] immune globulin [RhoGAM]) 
after delivery to women who are Rh-negative has reduced the inci- 
dence of Rh sensitization and erythroblastosis fetalis. If a woman 
has been sensitized, the fetus can be monitored with serial amnio- 
centeses. If necessary, intrauterine transfusion can then be performed 
to prevent the sequelae of severe hemolysis, which include fetal and 
neonatal anemia, edema, hepatosplenomegaly, and circulatory collapse 
or stillbirth of an infant with hydrops fetalis. If the problem has 
not been recognized prenatally, the infant with Rh incompatibility 
presents with pallor, hepatosplenomegaly, and rapidly developing 
jaundice. 

The diagnosis is confirmed by demonstrating that the infant is 
Rh-positive, that the direct Coombs test result is positive, and that 
maternal antibody is coating the infant’s red blood cells. These test 
results are modified with in utero transfusions with Rh-negative cells. 
Depending on the degree of hemolysis, postnatal phototherapy, and/ 
or exchange transfusion may be required. 

ABO blood type incompatibility causes a less severe form of isoim- 
mune hemolytic disease with a less rapid development of jaundice. It 
is more common in infants with blood type A or B who are born to 
mothers with blood type O. Hemolysis develops in 50% of sensitized 
infants; of these infants, 50% have a bilirubin level greater than 10 mg/ 
dL. In addition to showing anemia, reticulocytosis, and spherocytes on 
the smear, the direct Coombs test result is weakly positive, and the 
indirect Coombs test result is positive. In rare cases, other minor blood 
group antibodies can also cause hemolysis. 

Erythrocyte membrane defects. Red blood cell membrane defects 
are relatively uncommon causes of unconjugated hyperbilirubinemia. 
There is often a family history of hemolysis, transfusions, cholecystec- 
tomy for bilirubin stones, or splenectomy. Hemolysis results from fra- 
gility of the red blood cell membrane. When the defect is present in 
infancy, there are anemia, jaundice, and splenomegaly, and the smear 
is often characteristic (e.g., spherocytosis or elliptocytosis). Sphero- 
cytes are also seen with ABO incompatibility. All membrane defects 
yield negative results of the Coombs tests. 

Erythrocyte enzyme defects (see Chapter 37). Glucose-6-phos- 
phate dehydrogenase (G6PD) deficiency is common. Jaundice is seen 
more frequently in persons with a Mediterranean or Far Eastern ances- 
try who have a complete absence of the enzyme. In these individuals, 
hemolysis can occur without a precipitant. In African-American 
patients, the disease is generally less severe, and hemolysis is rare 
without exposure to a drug, toxin, or infection that causes an oxidant 
stress. G6PD deficiency can manifest as neonatal jaundice on day 2 or 
3 after birth; alternatively, it may not manifest until later in childhood, 
when jaundice is associated with an acute hemolytic crisis. The diag- 
nosis of G6PD deficiency is confirmed by documenting deficiency of 
the enzyme in red blood cells. 

Numerous deficiencies of enzymes in the glycolytic pathway have 
been identified. Pyruvate kinase deficiency is the most common of 
these rare disorders. Most of these disorders are thought to have an 
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autosomal recessive mode of transmission and have been identified in 
only a small number of individuals. They all result in hemolysis. The 
time of manifestation depends on the degree of hemolysis. 

Other considerations. If the hematocrit is normal and there is no 
evidence of hemolysis or a consumptive process, other explanations 
for unconjugated hyperbilirubinemia should be sought. Blood and 
urine cultures rarely identify infectious etiologic agents if the patient 
is otherwise clinically normal. Vomiting, abdominal distention, and 
delayed passage of meconium suggest obstruction of the gastro- 
intestinal tract and should be further investigated by imaging. Clinical 
examination should also identify cephalohematoma, ecchymoses, 
heart failure, hypoxia, and acidosis. Thyroxine and thyroid-stimulating 
hormone levels should be obtained or checked from the state neonatal 
screening program to look for evidence of hypothyroidism or 
hypopituitarism. 

Drugs, administered to either mother or neonate, and toxins should 
be identified by careful record review. Examples include oxytocin, 
excess vitamin K in premature infants, some antibiotics, and phenol 
disinfectants used in nurseries. Use of herbal remedies should also be 
investigated. 

In the evaluation process, it is important to remember that the 
division of causes into hemolytic and nonhemolytic is an arbitrary 
one. For example, drugs, infection, and G6PD deficiency can contrib- 
ute to both hemolytic and nonhemolytic neonatal jaundice. In addi- 
tion, the cause of jaundice can be multifactorial. 

Familial disorders of bilirubin metabolism 

Gilbert syndrome. Gilbert syndrome is a benign condition that 
occurs in up to 8% of the population. A familial incidence is reported 
in 15-40% of cases. Gilbert syndrome is a heterogeneous group of 
disorders that have in common at least a 50% decrease in UDPGT 
activity as a result of a defect in the gene responsible for this enzyme. 
In 20-30% of individuals with Gilbert syndrome, there is also a 
decrease in hepatocyte bilirubin uptake. Affected individuals are gener- 
ally asymptomatic and may not present with jaundice until the 2nd 
or 3rd decade of life. Gilbert syndrome may be responsible for some 
cases of neonatal jaundice. Mild jaundice with a bilirubin level up to 
7 mg/dL can occur transiently with fatigue, exercise, fasting, febrile 
illness, and alcohol ingestion in older patients. Except for showing an 
increased indirect bilirubin level, all laboratory studies are normal. The 
diagnosis is generally a clinical one but can be confirmed by docu- 
menting a twofold to threefold rise in unconjugated bilirubin during 
a 24-hour fast. 

Crigler-Najjar syndrome. Crigler-Najjar syndrome types I and II 
(also known as Arias syndrome) are rare autosomal recessive condi- 
tions caused by mutations (different alleles from those of Gilbert syn- 
drome) in the gene coding for UDPGT. Crigler-Najjar syndrome type 
I is characterized by marked hyperbilirubinemia (20-40 mg/dL) in the 
neonatal period in an otherwise healthy infant. Among untreated 
infants, kernicterus is universal, and affected individuals usually die 
with severe neurologic problems. Because UDPGT is undetectable, 
there is no conjugated bilirubin in the bile or serum, and the bile is 
colorless. There is no decrease in serum UCB levels during phenobar- 
bital administration. The only therapies are exchange transfusion, 
intensive phototherapy, and liver transplantation. 

The onset of Crigler-Najjar syndrome type II is usually at birth, 
although it can be in late childhood. There is less than 5% of the 
normal UDPGT activity. Bile contains bilirubin monoglucuronides. 
Bilirubin levels, generally 8-25 mg/dL, respond to phenobarbital 
administration with a significant decrease. Neurologic disease is rare. 

Lucey-Driscoll syndrome. Lucey-Driscoll syndrome is a transient 
familial neonatal hyperbilirubinemia that appears in the 1st few days 
of life and resolves by 2-3 weeks of age. This results from inhibition of 


UDPGT by a substance that has been found in both maternal and 
infant serum. The bilirubin level can rise to greater than 60 mg/dL in 
untreated infants, resulting in severe neurotoxicity. The condition is 
treated with exchange transfusion. 

Therapy. Treatment of unconjugated hyperbilirubinemia depends 
on the degree of elevation of bilirubin. Considerable controversy exists 
over which level is toxic and when treatment should be initiated. 
Because it is lipid soluble, unconjugated bilirubin can diffuse into the 
central nervous system, which results in neurologic toxicity. Most 
authorities agree that kernicterus does not occur below a bilirubin level 
of 20-30 mg/dL in the healthy, full-term infant without evidence of 
hemolysis. Kernicterus may occur at lower bilirubin levels in prema- 
ture or sick neonates. 

Treatment options include phototherapy and exchange transfusion. 
Phototherapy produces a reduction of bilirubin by 1-2 mg/dL in 4-6 
hours by causing the photoisomerization and photodegradation of 
unconjugated bilirubin to more water-soluble forms that are more 
readily excreted in bile and urine. Potential complications include 
retinal damage, diarrhea, and dehydration. Phototherapy is begun at 
levels below that for exchange transfusion (~5 mg/dL less) or during 
preparations for an exchange transfusion. 

Exchange transfusion with blood cross-matched against that of the 
mother is indicated for severe hyperbilirubinemia. This decision must 
be based not only on the bilirubin level but also, as important, on 
the infant’s age and clinical condition. In full- or near-term infants 
(>2000 g in weight) with evidence of hemolysis, exchange transfusion 
is indicated if the serum unconjugated bilirubin level is higher than 
25-30 mg/dL or if the bilirubin level does not rapidly respond to pho- 
totherapy. Signs of kernicterus (i.e., a high-pitched cry, gaze paralysis, 
fever, lethargy, and opisthotonic posture) warrant exchange transfu- 
sion, no matter what the bilirubin level. 


Neonatal Conjugated Hyperbilirubinemia 


Potential causes of conjugated hyperbilirubinemia in the neonate and 
infant are extensive (see Table 15.3). It is important to first evaluate 
the infant for potentially treatable problems (Table 15.5) and institute 
specific therapy that prevents significant morbidity and may be life- 
saving. Fig. 15.2 outlines a diagnostic approach when the clinical pre- 
sentation has not suggested a likely diagnosis. 

Common to all of these conditions is the potential for hypopro- 
thrombinemia. If the PT is prolonged, the infant should be treated 
with intravenous vitamin K to avoid spontaneous hemorrhage, par- 
ticularly intracranial. Depending on the degree of hepatocellular 
damage, vitamin K may not correct the PT. This is worrisome and 
mandates prompt evaluation for the underlying cause of neonatal liver 
failure or extrahepatic causes of coagulopathy. Interpretation of PT 
should be based on neonatal norms, as normal PT is higher in new- 
borns, particularly in premature newborns versus older infants. Even 
with a normal PT at the outset, infants with conjugated hyperbiliru- 
binemia should be on oral fat-soluble vitamin supplementation until 
their cholestasis resolves. 

Hypoglycemia is another danger that is associated with diseases 
that cause severe hepatic dysfunction, metabolic disorders as well as 
with hypopituitarism. The infant may be relatively asymptomatic 
despite significant hypoglycemia. The serum glucose level can be mea- 
sured before a feeding. If hypoglycemia is present, the infant should 
receive frequent feedings, continuous feedings, or intravenous dextrose 
infusions. Glucose level should always be the part of the evaluation of 
conjugated hyperbilirubinemia. 

Hyperammonemia can be present in severe liver dysfunction and 
metabolic liver disorders. Ammonia should be checked on infants with 
lethargy or with a change in mental status. 
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TABLE 15.5 Conditions Not to Miss in 
Infants with Conjugated Hyperbilirubinemia 
Priorities 

Hypoprothrombinemia 

Hypoglycemia 

Extrahepatic biliary atresia 


Infections 

Sepsis 

Urinary tract infection 
syphilis 
Toxoplasmosis 
Herpes simplex virus 


Endocrine Disorders 
Hypopituitarism 
Hypothyroidism 


Metabolic Disorders 
Galactosemia 


Hereditary fructose intolerance (fructosemia) 


Tyrosinemia 


Other 
Neonatal hemochromatosis 


Bile acid abnormalities 

Choledochal cyst 

Intestinal obstruction 

Familial hemophagocytic syndromes 
Heart disease 

Toxins 


Serum levels of aminotransferases, GGT, and alkaline phosphatase, 
in addition to a complete blood count, should be included in the initial 
evaluation. 

Obstructive/anatomic abnormalities, idiopathic cholestasis, and 

idiopathic neonatal hepatitis 

Biliary atresia. Untreated biliary atresia is lethal, and only prompt 
diagnosis and surgical treatment can prevent mortality. Biliary atresia 
accounts for approximately 30% of cases of neonatal cholestasis seen 
at major referral centers. It occurs in 1 in 8000-15,000 live births. It 
is the result of a progressive inflammatory process leading to oblitera- 
tion of the lumen of the extrahepatic duct. It is the leading indication 
for liver transplantation in the pediatric population. Infants are less 
often icteric from birth and more often develop jaundice at 2-6 weeks 
of age. Infants are usually full term and initially appear healthy except 
for jaundice, dark urine, and acholic stools. The family history usually 
is negative for liver disease. There appear to be 2 forms of biliary 
atresia: 

1. In the “embryonic” or “fetal form,” which occurs in 15-30% of 
cases, there is no jaundice-free period. There are often associated 
defects, including cardiac defects, polysplenia, malrotation, and 
situs inversus. 

2. In the “perinatal form,” there may be a jaundice-free interval after 
resolution of the normal physiologic jaundice, and there are no 
associated anomalies. 

At the time of presentation, infants with biliary atresia may have 
an enlarged, firm liver. Pruritus, splenomegaly, and ascites can 


develop with advanced disease. The work-up should be performed 
expeditiously; it is important to identify biliary atresia early because 
the success of surgical establishment of drainage is correlated with 
early age at surgery. Surgery performed before the infant is 2 months 
old carries an approximately 80% rate of success in terms of obtaining 
some bile flow. This rate decreases to about 20% for surgery performed 
in patients older than 3 months. Diagnostic work-up includes evalua- 
tion of other identifiable causes of neonatal cholestasis including CMV 
infection, ou-antitrypsin deficiency, hypothyroidism, and other ana- 
tomic abnormalities of the biliary tree. Combination of conjugated 
hyperbilirubinemia, acholic stools, and elevated GGT should trigger 
prompt evaluation for biliary atresia. An ultrasound study helps 
exclude other treatable anatomic abnormalities, such as a choledochal 
cyst. The gallbladder is usually absent or collapsed in infants with 
biliary atresia. Liver biopsy and percutaneous cholangiogram should 
follow if no alternative cause of jaundice is identified. Characteristic 
findings on liver biopsy are periportal edema and fibrosis, bile duct 
proliferation, and bile duct plugs. Some centers utilize hepatobiliary 
scintigraphy, which demonstrates uptake of tracer but no excretion 
into the duodenum if biliary atresia is present. However this study can 
lead to delay in diagnosis (requires pretreatment with phenobarbital) 
and can be inconclusive in hepatic dysfunction due to poor uptake of 
the tracer. 

The diagnosis is confirmed by intraoperative cholangiography at 
the time of surgery. The surgical procedure, a portoenterostomy, is that 
initially described by Kasai. The porta hepatis is transected, and a loop 
of intestine is brought up to drain the bile ducts. In a small percentage 
of patients (5-15%), a discrete distal lesion is identified, and the surgery 
is curative. Those in whom bile drainage is not established require early 
liver transplantation. In the majority of patients, surgery is palliative, 
allowing time before liver transplantation is needed; overall and post- 
transplant mortality are significantly reduced with timely Kasai 
procedure. 

The important, potentially life-threatening complication of the 
Kasai procedure is bacterial ascending cholangitis. Febrile patients 
with biliary atresia need to be promptly evaluated for causes of fever. 
If no alternative source of fever is identified, they should be evaluated 
for cholangitis. 

Most of the patients with biliary atresia remain cholestatic despite 
the Kasai procedure; thus they require supplementation with MCT oil 
(or MCT-enriched formulas) and fat-soluble vitamins. Portal hyper- 
tension with splenomegaly, esophageal varices, and ascites can develop 
over time in many patients with biliary atresia. Due to significant risk 
of complications and frequent need for liver transplant, patients with 
biliary atresia should be followed in centers with pediatric transplant/ 
hepatology expertise. 

Alagille syndrome. Alagille syndrome is characterized by the 
abnormal development of multiple organs related to defective JAG-1/ 
NOTCH-2 signaling. The most important clinical feature is a marked 
reduction in the number of interlobular bile ducts. Jaundice may have 
its onset in the neonatal period or may not appear until later in child- 
hood. Additionally, patients with Alagille syndrome can have unusual 
facies (a triangular face with broad forehead, widely spaced and deep- 
set eyes, a long nose, and a pointed mandible), vertebral arch defects 
(butterfly vertebrae, hemivertebrae, decreased interpedicular distance), 
posterior embryotoxon (ocular), and cardiac anomalies (ranging from 
peripheral pulmonic stenosis to complex congenital heart disease). 
Renal anomalies, pancreatic insufficiency, and growth retardation, are 
present in some patients (Table 15.6). This appears to be a progressive 
phenomenon and may not be readily recognizable in neonates. By the 
age of 4-6 months, pruritus develops and can be severe. Xanthomas 
appear in association with a markedly elevated cholesterol level. 
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TABLE 15.6 Extrahepatic Manifestations 
of Alagille Syndrome 


Cardiac 
Peripheral pulmonary stenosis 


Tetralogy of Fallot 
Ventricular septal defect 
Atrial septal defect 
Aortic coarctation 
Pulmonary atresia 


Skeletal 
Short stature 


Butterfly vertebrae 
Fused vertebrae 
Rib anomalies 
Spina bifida occulta 
Thin cortical bones 


Ocular 
Posterior embryotoxon 


Axenfeld anomaly 

Optic disc drusen 
shallow anterior chamber 
Microcornea 


Vascular 
Renal artery stenosis 


Intracranial bleeding 
CNS malformations 


Other 
Renal developmental abnormalities 


Renal tubulopathies 

Pancreatic exocrine and endocrine insufficiency 
High-pitched voice 

Microcolon 


From Mieli-Vergani G, Hadzic N. Biliary atresia and neonatal disorders 
of the bile ducts. In: Wyllie R, Hyams JS, Kay M, eds. Pediatric 
Gastrointestinal and Liver Disease. 4th ed. Piladelphia: Elsevier/ 
Saunders; 2011:749. 


Alagille syndrome has an autosomal dominant transmission with 
highly variable expression. Often other family members are recognized 
as being affected when an infant is brought to medical attention. There 
is a high proportion of sporadic cases (up to 70%) with de novo muta- 
tions in the JAG-1 gene responsible for this syndrome. Mutations of 
the NOTCH-2 receptor can result in a similar clinical picture though 
they are less common than JAG-1 mutations. The diagnosis is con- 
firmed by liver biopsy. Symptoms often improve over time. There is a 
20-25% rate of mortality from serious cardiac or liver disease. 

There is a nonsyndromic form of bile duct paucity with cholestasis 
caused by bile duct paucity but not associated with clinical or genetic 
mutations characteristic of Alagille syndrome. The prognosis for this 
form is less favorable. 

Choledochal cysts. Manifestations include conjugated hyperbili- 
rubinemia with jaundice, vomiting, acholic stools, and hepatomegaly 


in the neonate. Alternatively, choledochal cysts can manifest with Jaun- 
dice, abdominal pain, and a right upper quadrant mass in the older 
child. There are five anatomic types of cystic dilatations of the extra- 
hepatic or intrahepatic bile ducts. The diagnosis is made by ultrasound 
studies and confirmed by MR cholangiography or intraoperative chol- 
angiography. Treatment involves surgical excision. Cholangitis may 
occur postoperatively. If the cyst is not fully excised, carcinoma can 
develop in the residual cyst tissue. 

Treatable infections 

Bacterial infection. An infant may, in rare cases, appear clinically 
well, with jaundice as the only sign of a bacterial infection. Blood and 
urine cultures should be obtained in infants with unexplained conju- 
gated hyperbilirubinemia. Infection is less likely to be missed in the 
symptomatic infant who presents with poor feeding, lethargy, vomit- 
ing, temperature instability, apnea, bradycardia, or shock. Escherichia 
coli is the most common organism identified in either sepsis or urinary 
tract infection (often with bacteremia) when jaundice is present. The 
hyperbilirubinemia may be caused by endotoxin-mediated canalicular 
dysfunction. Less often, other gram-negative bacilli or Listeria, Staphy- 
lococcus, or Streptococcus species may be identified as the causative 
agent. Although sepsis accounts for only a small percent of the cases 
of neonatal cholestasis, it is easily diagnosed and treated. 

Herpes simplex. Herpes simplex causes a severe neonatal infection 
that usually manifests at 7-14 days of age with lethargy, poor feeding, 
a vesicular rash (in 60-70% of patients), jaundice, hepatomegaly, tem- 
perature instability, encephalitis, and coagulopathy. The diagnosis is 
made by identification of the virus in skin lesions through direct 
fluorescent antibody staining or polymerase chain reaction of herpes 
simplex DNA in blood and cerebrospinal fluid. Treatment is with intra- 
venous acyclovir. Among infants with disseminated infection, the mor- 
tality rate is 15-35%. 

Enteroviruses. Maternal infection at the time of delivery may 
result in severe enteroviral disease in the infant within 1-7 days of birth. 
Manifestations are similar to that of herpes simplex virus except a 
macular rash. Severe hepatitis, carditis, or encephalitis or a sepsis 
picture may develop. Diagnosis is made through polymerase chain 
reaction or viral culture. Treatment strategies include intravenous 
immunoglobulin (IVIG) and pleconaril. 

Cytomegalovirus infection. CMV infection is common, but 90% 
of affected infants are asymptomatic at birth. In the severely affected 
infant with vertical transmission, CMV can manifest within the Ist 24 
hours after birth with intrauterine growth restriction, conjugated 
hyperbilirubinemia, hemolytic anemia, thrombocytopenic purpura, 
and hepatosplenomegaly. Often an infant with low birthweight pre- 
sents with microcephaly, periventricular calcifications, and chorioreti- 
nitis. The diagnosis can be made by obtaining urine specimens for 
culture. 

Treatment includes the use of ganciclovir and possibly CMV 
immunoglobulin. The liver disease resolves in most patients, but neu- 
rologic sequelae are common. Postnatal acquisition from CMV- 
positive blood transfusion may produce a sepsis syndrome and 
hepatitis. 

The findings of CMV in a cholestatic infant without other features 
of congenital CMV infection should not stop the search for other 
causes of cholestasis, particularly biliary atresia. 

Hepatitis B. Hepatitis B infection manifests with jaundice in fewer 
than 5% of perinatal infections. Perinatal transmission is high when 
mothers are chronic carriers who are seropositive for hepatitis B e 
antigen or when they acquire acute infection in the last trimester. Most 
infants are asymptomatic, but there is a high incidence of subsequent 
chronic infection. Perinatal infection can be prevented with hepatitis 
B immune globulin and vaccination. It is important to identify mothers 
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who are seropositive for hepatitis B surface antigen (HBsAg); identifi- 
cation requires universal screening. 

Syphilis. Congenital syphilis remains a problem despite maternal 
screening. With severe infection, the infant has fever, a diffuse macular- 
papular rash, hepatosplenomegaly, edema, anemia, and periostitis, in 
addition to jaundice. Nontreponemal serologic tests (Venereal Disease 
Research Laboratory) may be routinely performed on cord blood. If 
the result is positive, the diagnosis should be confirmed on serum from 
the infant. Confirmation requires a positive specific test for syphilis 
such as the immunoglobulin M (IgM) or immunoglobulin G fluores- 
cent treponemal antibody. Treatment is with intravenous penicillin for 
10-14 days. 

Toxoplasmosis. If toxoplasmosis is suspected on clinical grounds, 
IgM titers should be obtained, or the placenta should be examined 
histologically. Most infected infants are asymptomatic. Infants with 
severe congenital infection may have hydrocephaly or microcephaly, 
intracranial calcifications, chorioretinitis, aseptic meningitis, jaundice, 
purpura, and hepatomegaly. Postnatal treatment consists of pyri- 
methamine and sulfadiazine; folinic acid is added to prevent folate 
deficiency. 

Treatable metabolic disorders. Many metabolic disorders are part 
of the universal newborn screening program in developed countries. 
The clinician needs to be aware of which disorders are and which 
are not screened for in a particular country or state. Even in the 
presence of universal neonatal screening for metabolic disorders, the 
test may be falsely negative, particularly if the newborn was tested 
too early, was premature or underwent transfusions before the test 
was performed. In countries with robust neonatal screening programs, 
repeating newborn screen may be an easy and cost-effective lst step 
in evaluation for possible metabolic disease. Other useful screening 
modalities include: urine-reducing substances (galactosemia), serum 
amino acids, ammonia level, urine organic acids, quantitative serum 
bile acids, qualitative analysis of urinary bile acids by fast atom bom- 
bardment mass spectrometry (FAB-MS), the thyroxine level, and the 
thyroid-stimulating hormone level, succinyl-acetone (thyrosinemia), 
triglycerides, lactate, pyruvate, and acyl carnitines (mitochondrial 
disorders). 

Galactosemia. Galactosemia, a life-threatening disorder, can easily 
be detected. It is an autosomal recessive disorder with deficiency of 
galactose-1-phosphate uridyltransferase, which is required for conver- 
sion of galactose to glucose. As a result, galactose-1-phosphate accu- 
mulates; this compound is thought to be hepatotoxic. Once lactose 
(glucose-galactose) is introduced into the infant’s diet, vomiting, diar- 
rhea, jaundice, hepatomegaly, and cataracts develop. Affected infants 
often present with E. coli sepsis in the 1st weeks of life. 

Laboratory evaluation may demonstrate elevations of aminotrans- 
ferase levels, a prolonged PT, hemolytic anemia, and aminoaciduria. 
The urine yields positive findings for reducing substances (galactose) 
if the infant is receiving a lactose-containing formula or breast milk. 
The diagnosis can be confirmed by documenting deficiency of the 
enzyme in erythrocytes or leukocytes. Transfusions may cause false- 
negative results. Treatment consists of eliminating galactose from 
the diet. 

Hereditary fructose intolerance (fructosemia) is an uncommon 
disorder; it can manifest with hepatic failure in an infant exposed to 
fructose or sucrose in formula, juice, fruit, or medications. A thorough 
diet history in relation to the onset of jaundice is often the key to this 
diagnosis. Prompt removal of fructose, sucrose, and sorbitol from the 
diet is essential. 

Tyrosinemia is diagnosed from serum amino acid levels and 
urine organic acid levels. Elevated urinary succinylacetone is pathog- 
nomonic. Treatment involves the dietary restriction of phenylalanine, 
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(See Nelson Textbook of Pediatrics, p. 1723.) 


(See Nelson Textbook of Pediatrics, p. 1590.) 


methionine, and tyrosine and the use of 2-(2-nitro-4- 
trifluoromethylbenzoyl)-1,3-cyclohexanedione) to prevent the forma- 
tion of toxic metabolites. Liver transplantation may still be required. 
Disorders of bile acid metabolism typically are suggested by conju- 
gated hyperbilirubinemia with low or normal GGT and low or normal 
total bile acid levels. They can be detected by bile acid FAB-MS analysis 
of urine. Treatment of some forms of bile acid synthetic disorder is 
possible with oral cholic acid supplementation. 
Other identifiable infectious and metabolic causes of cholestasis 
q,-Antitrypsin deficiency. An Q,-antitrypsin protein immuno- 
electrophoresis can detect an 0,-antitrypsin deficiency, which is the 
most common inherited cause of neonatal cholestasis. Deficiency 
occurs in 1 in 1600-2000 live births. o,-Antitrypsin is a protease inhibi- 
tor that is synthesized in the liver and inactivates neutrophil proteases. 
The normal 0,-antitrypsin phenotype, MM, is found in 80-90% of the 
population. There are numerous allelic variants. Liver disease is associ- 
ated with the ZZ phenotype and sporadically with other variants. The 
exact mechanism of liver injury is unclear, and there is variability in 
expression so that clinically significant liver disease develops in only 
10-15% of individuals with the ZZ phenotype. There is also great vari- 
ability in manifestation. Commonly, the disorder manifests in early 
infancy with prolonged conjugated hyperbilirubinemia, failure to 
thrive, acholic stools, hepatomegaly, and possibly ascites. However, it 
may not manifest until later childhood or even adulthood. Manifesta- 
tions in older individuals include jaundice, hepatosplenomegaly, 
ascites, portal hypertension with varices, chronic hepatitis, cryptogenic 
cirrhosis, or, rarely, hepatocellular carcinoma. The diagnosis is estab- 
lished by serum phenotyping (ZZ). Treatment is supportive. Some 
individuals do very well with minimal liver dysfunction. Others have 
progressive liver disease, requiring transplantation. o,-Antitrypsin 
deficiency can enhance hepatotoxicity of hepatotoxic drugs. All indi- 
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viduals with ,-antitrypsin deficiency should be aware of the potential 
for lung disease when they are older. 

Cystic fibrosis. As many as one third of infants with cystic fibrosis 
may have evidence of liver involvement, frequently cholestasis. The 
incidence is increased among infants with meconium ileus. The diag- 
nosis can be confirmed with a sweat chloride test or by detecting the 
abnormal gene. Although the cholestasis resolves, the infant with cystic 
fibrosis can develop problems including focal biliary cirrhosis, multi- 
lobular cirrhosis, fatty liver, obstruction of the common duct, choleli- 
thiasis, sclerosing cholangitis, and, rarely, cholangiocarcinoma. 

Hypothyroidism and hypopituitarism. Jaundice can be a mani- 
festation of both hypothyroidism and hypopituitarism. Hypopituita- 
rism may manifest with hypoglycemia, microphallus, and signs of 
hypothyroidism in addition to jaundice. Wandering nystagmus is 
present when hypopituitarism is associated with septo-optic dysplasia. 
Treatment of the underlying endocrinopathy leads to resolution of the 
liver disease. 


Progressive Familial Intrahepatic Cholestasis 


Progressive familial intrahepatic cholestasis (PFIC) is a group of dis- 
orders related to defective transport of bile acids (Table 15.7). PFIC is 
clinically suggested by presence of cholestasis in absence of physical 
damage to the bile ducts. GGT is normal except for PFIC type 3. The 
molecular defects for 3 PFIC types involve molecules expressed on the 
canalicular membrane of the hepatocyte. All types of PFIC are inher- 
ited in an autosomal recessive manner. PFIC results in progressive 
cholestasis and pruritus, leading to cirrhosis and end-stage liver disease. 
PFIC type 1 has low or normal serum y-glutamyltransferase (GGT) 
and high serum concentrations of bile acids. The defect of the FIC-1 
gene, which encodes a P-type adenosine triphosphatase (ATP8B1), is 
involved in phospholipid translocation in the enterocytes and 


TABLE 15.7 Progressive Familial Intrahepatic Cholestasis 


Transmission 
Chromosome 
Gene 
Protein 
Location 


Function 


Phenotype 


Histology 


Biochemical features 


Treatment 


PFIC 1 

Autosomal recessive 
18q21-22 
ATP8B1/F1C1 

FIC1 


Hepatocyte, colon, intestine, pancreas; on 
apical membranes 

ATP-dependent aminophospholipid flippase; 
unknown effects on intracellular signaling 

Progressive cholestasis, diarrhea, 
steatorrhea, growth failure, 
severe pruritus 

Initial bland cholestatic; coarse, granular 
canalicular bile on EM 


Normal serum GGT; high serum, low biliary 
bile acid concentrations 


Biliary diversion, ileal exclusion, liver 
transplantation, but post-OLT diarrhea, 
steatorrhea, fatty liver 


PFIC 2 

Autosomal recessive 

2q24 

ABCB11/BSEP 

BSEP 

Hepatocyte canalicular membrane 


ATP-dependent bile acid transport 


Rapidly progressive cholestatic giant 
cell hepatitis, growth failure, pruritus 


Neonatal giant cell hepatitis, 
amorphous canalicular bile on EM 


Normal serum GGT; high serum, low 
biliary bile acid concentrations 


Biliary diversion, liver transplantation 


PFIC 3 

Autosomal recessive 

7q21 

ABCB4/MDR3 

MDR3 

Hepatocyte canalicular membrane 


ATP-dependent phosphatidylcholine 
translocation 


Later-onset cholestasis, portal 
hypertension, minimal pruritus, 
intraductal and gallbladder lithiasis 

Proliferation of bile ductules, periportal 
fibrosis, eventually biliary cirrhosis 

Elevated serum GGT; low to absent 
biliary PC; absent serum LPX; normal 
biliary bile acid concentrations 

UDCA if residual PC secretion; liver 
transplantation 


ATP, adenosine triphosphate; BSEP, bile salt export pump; EM, electron microscopy; GGT, y-glutamyltransferase; LPX, lipoprotein X; OLT, 
orthotopic liver transplantation; PC, phosphatidylcholine; PFIC, progressive familial intrahepatic cholestasis; UDCA, ursodeoxycholic acid. 
From Suchy FJ, Sokol RJ, Balistreri WF, eds. Liver Disease in Children. 3rd ed. New York: Cambridge University Press; 2007. 


canalicular membrane of the hepatocyte. In addition to cholestasis, 
patients have chronic secretory diarrhea. PFIC 1 can also be associated 
with sensorineural hearing loss and pancreatitis. 

Patients with PFIC type 2 also exhibit cholestasis, normal serum 
GGT, and high levels of serum bile acids. A PFIC 2 disorder is caused 
by defective function of the bile salt export pump (BSEP) protein, 
encoded by the ABCB11 gene. Since BSEP is expressed only in hepa- 
tocytes, symptoms are limited to cholestatic liver disease. 

Patients with PFIC type 3 have high serum GGT and cholesterol 
levels. They demonstrate symptoms later in life and reach end-stage 
liver disease at a later age. PFIC type 3 is caused by a defect in the 
ABCB4 gene, which encodes a phospholipid transporter (MDR3) in 
the canalicular membrane and results in low biliary phospholipid 
levels. 

Except in cases necessitating liver transplantation, chronic biliary 
diversion and ursodeoxycholic acid therapy may reduce pruritus and 
improve liver function. In benign recurrent intrahepatic cholestasis 
(BRIC), homozygous or compound heterozygous mutations of respec- 
tive genes (ATP8B1, ABCB11, ABCB4) develop a milder form of chole- 
static liver disease, which generally does not progress to end-stage liver 
disease. In patients with BRIC jaundice, pruritus or fat malabsorption 
symptoms can be triggered by pregnancy, toxins, and medications. 

Idiopathic neonatal hepatitis. Idiopathic neonatal hepatitis is a 
descriptive term rather than a specific disease entity. The diagnosis is 
made by exclusion of other causes of cholestasis, particularly biliary 
atresia. The infant with neonatal hepatitis is more likely to be prema- 
ture or small for gestational age. Acholic stools are uncommon but can 
occur when the hepatitis is severe. In 5-15% of cases, there is a familial 
incidence. Hepatobiliary scintigraphy demonstrates delayed uptake, 
but there is usually excretion into the duodenum unless the hepatitis 
is severe. In this case, intraoperative cholangiography may be required. 
Biopsy findings include panlobular disarray indicative of severe hepa- 
tocellular disease, inflammatory infiltrate in the portal areas, focal 
hepatocellular necrosis, multinucleated giant cells, and increased extra- 
medullary hematopoiesis. 

Treatment is supportive. The outcome is variable and is better for 
infants with sporadic (nonfamilial) cases; of such infants, approxi- 
mately 60% recover, 10% have chronic liver disease, and 30% die 
without liver transplantation. The percentages for recovery and death 
are reversed (30% and 60%, respectively) in familial cases. 

Treatment of cholestasis. Some interventions are essential for 
all infants with cholestasis. Malabsorption of fats and fat-soluble 
vitamins occurs as a result of a decreased concentration of bile salts 
in the intestinal lumen. Affected infants should be given a formula 
containing medium-chain triglycerides (MCTs), which are better 
digested and absorbed in the absence of bile acids. Even with MCT 
supplementation, many patients will require caloric intake in excess 
of 150 kcal/kg/day to maintain growth. Due to organomegaly and 
ascites, weight alone may overestimate nutritional status. Proper 
monitoring of growth requires a routine anthropometric evaluation 
of skinfold and mid-arm circumference. Some affected infants require 
supplemental nasogastric feedings. Supplemental vitamins A, D, E, 
and K are given to prevent symptoms of vitamin deficiency visual 
problems, rickets, neuropathy, and coagulopathy, respectively. Fat- 
soluble vitamin levels need to be monitored. Pruritus is often severe 
and is not readily treatable. Several medications have been tried, 
including ursodeoxycholic acid, antihistamines, cholestyramine, phe- 
nobarbital, and rifampin. Ursodeoxycholic acid is beneficial in some 
infants with cholestasis, and helps to improve bile excretion, thus 
reducing serum bile acid levels. Biliary diversion has been effective 
in some cases. Ascites can be managed with sodium restriction and 
diuretics. 
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JAUNDICE IN THE CHILD AND ADOLESCENT 
® History 


Chronic fatigue, though nonspecific, is a common symptom of liver 
disease and should trigger at least a basic evaluation including ami- 
notransferases even in the absence of overt jaundice. Myalgias, nausea, 
vomiting, and fever are often seen in patients with viral hepatitis 
or autoimmune hepatitis. Acute biliary obstruction is signaled by 
right upper quadrant pain, vomiting, fever, and acholic stools in 
addition to jaundice. Neurologic and psychiatric symptoms may be 
among the manifestations of Wilson disease. Autoimmune hepatitis 
may be accompanied by manifestations of other autoimmune 
disorders. 

The child’s age at the onset of symptoms may be helpful. Wilson 
disease commonly manifests in school-aged children and adolescents. 
Similarly, autoimmune hepatitis is most prevalent in school-aged chil- 
dren and adolescents with female predominance. A thorough history 
should include past and present use of prescription, over-the-counter 
(e.g., acetaminophen), and street drugs. Many medications have been 
associated with hepatobiliary damage; others, with hemolysis. Drug 
abuse is a risk factor for viral hepatitis and human immunodeficiency 
virus. Adolescents in particular should be asked about alcohol use. 

Symptoms of cholestasis such as jaundice, dark urine, steatorrhea, 
symptoms of fat-soluble vitamin deficiency, failure to thrive, and pru- 
ritus should be explored in detail. 

Information about exposure to viral hepatitis, either by travel to an 
endemic area or during an outbreak, should be pursued. There is a 
high transmission rate in daycare centers. 

The patient’s medical history should be reviewed because some 
chronic illnesses are associated with specific hepatobiliary complica- 
tions. These should include acquired immunodeficiency syndrome, 
cystic fibrosis, heart disease, renal disease, hemolytic disorders, autoim- 
mune disorders, celiac disease, and inflammatory bowel disease. 

A family history of inheritable disorders, such as Wilson disease, 
autosomal recessive polycystic kidney disease, Alagille syndrome, or 
spherocytosis, is informative. Less specific but still useful clues are a 
history of autoimmune disorders, jaundice, anemia, cholecystectomy, 
or splenectomy in other family members. 


® Physical Examination 


Some patients present with previously unidentified chronic liver 
disease. The clinician should focus on signs of portal hypertension: 
spider angiomas, palmar erythema, dilated abdominal veins, ascites, 
and splenomegaly with a small liver. Cutaneous excoriation as evidence 
of pruritus, xanthomas, and jaundice support cholestasis. Clubbing of 
digits may suggest hepatopulmonary syndrome. A large, tender liver is 
suggestive of acute viral hepatitis or congestive heart failure. A small 
liver may be found in patients with severe hepatitis or cirrhosis. A 
tender gallbladder is indicative of choledocholithiasis or cholecystitis. 
Abnormal neurologic findings, including tremor, fine motor incoordi- 
nation, clumsy gait, and choleriform movements, suggest Wilson 
disease. A slit-lamp examination should be included to look for the 
Kayser-Fleischer rings (a brownish discoloration at the periphery of 
the cornea) of Wilson disease. 


© Differential Diagnosis 

Unconjugated Hyperbilirubinemia 

Most causes of unconjugated hyperbilirubinemia in the child and ado- 
lescent are secondary to hemolysis (Table 15.8) (see Chapter 37). A 
complete blood count with evaluation of the smear, reticulocyte count, 
and Coombs test can differentiate hemolytic from nonhemolytic 
disorders. 


TABLE 15.8 Differential Diagnosis of 
Unconjugated Hyperbilirubinemia in 
Childhood and Adolescence 


Increased Bilirubin Production 
Autoimmune hemolytic anemia 


Idiopathic 
Secondary 
Infection (viral, mycoplasma) 
Diseases with autoantibody production 
Immunodeficiency 
Malignancy 
Drug-induced hemolytic anemia 
Paroxysmal nocturnal hemoglobinuria 
Erythrocyte membrane defects 
Hereditary spherocytosis 
Hereditary elliptocytosis 
Erythrocyte enzyme defects 
Glucose-6-phosphate dehydrogenase 
Pyruvate kinase 
Hexokinase 
Other 
Hemoglobinopathy 
Sickle cell disease 
Thalassemia 
Hemolytic uremic syndrome 
Sepsis with disseminated intravascular coagulation 
Reabsorption of hematoma 
Transfusion reaction 


Decreased Uptake, Storage, or Metabolism 
Congestive heart failure 


Sepsis 


Acidosis 

Gilbert syndrome 
Crigler-Najjar syndrome type II 
Prolonged fasting 

Drugs 

Portacaval shunt 


Erythrocyte membrane defects (spherocytosis) and enzyme defects 
(pyruvate kinase deficiency, G6PD) may not be apparent until child- 
hood or adolescence. Acquired autoimmune hemolytic anemia is char- 
acterized by pallor, abdominal pain, fever, and dark urine in addition 
to jaundice. Laboratory studies document anemia and reticulocytosis. 
The direct Coombs test result is positive. Hemolytic anemia can be 
associated with infection, immunodeficiency, malignancy, hemolytic 
uremic syndrome, or other autoimmune disorders, such as systemic 
lupus erythematosus, rheumatoid arthritis, thyroid disorders, and 
autoimmune hepatitis. 

Unconjugated hyperbilirubinemia can be caused by congestive 
heart failure and infection should in such circumstances extrahepatic 
symptoms, cardiac failure, or sepsis dominate the picture. If no other 
explanation is found, Gilbert syndrome or Crigler-Najjar syndrome 
type II should be considered. 
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Conjugated Hyperbilirubinemia 


In the child with conjugated hyperbilirubinemia, the PT and the 
albumin, glucose, AST, ALT, GGT, and alkaline phosphatase levels 
should be measured. Albumin and PT determinations provide evi- 
dence of hepatocyte synthetic function. Hypoglycemia is another 
marker of severity of hepatocellular damage. This is important in 
considering how quickly the evaluation should proceed or how closely 
the patient should be monitored. Patients with coagulopathy, hyper- 
ammonemia, encephalopathy, or hypoglycemia should be admitted to 
the hospital and observed very closely. PT should be repeated after a 
dose of parenteral vitamin K to differentiate synthetic liver failure from 
a vitamin K deficiency. Hypoglycemia should be corrected with fre- 
quent meals or intravenous dextrose. 

Obstruction. The relative elevation of AST/ALT and alkaline phos- 
phatase levels in the context of the clinical picture determines the 
likelihood of an obstructive cause. Although obstructions occur less 
commonly in children than in adults, it is important not to miss cor- 
rectable causes of obstruction that, if left untreated, can cause hepa- 
tocellular damage. These patients usually have markedly elevated 
alkaline phosphatase and minimally elevated AST and ALT levels. They 
should be evaluated promptly with ultrasonography and possibly with 
MRCP, ERCP, or PTC. The possible causes of obstruction are listed 
in Table 15.9. 

Gallstones. Gallstones are particularly common in children with 
hemolytic disorders, such as sickle cell disease, thalassemia, eryth- 
rocyte membrane defects, erythrocyte enzyme defects, and autoim- 
mune hemolytic anemia. The mean age at presentation is 12 years. 
Gallstones are also associated with anatomic abnormalities of the 
biliary tract, cystic fibrosis, ileal dysfunction, obesity, parenteral 
nutrition, sepsis, prematurity, and pregnancy. Stones may be found 
incidentally on abdominal radiographs or ultrasound studies in 
asymptomatic individuals. Alternatively, gallstones may manifest with 
symptoms of biliary colic: nausea, vomiting, right upper quadrant 
or nonspecific abdominal pain and jaundice. Ultrasonography is a 
very sensitive diagnostic test. Treatment for symptomatic patients 
is cholecystectomy. ERCP can be used to remove common bile duct 
stones. 

Primary sclerosing cholangitis. Primary sclerosing cholangitis 
(PSC) is characterized by focal dilatation and stenosis of the intrahe- 
patic or extrahepatic bile ducts with surrounding fibrosis resulting 
from an inflammatory process. It can manifest from early childhood 
through adulthood. In adults, it is frequently associated with inflam- 
matory bowel disease, especially ulcerative colitis. PSC may precede the 
onset of inflammatory bowel disease by many years. It can occur in the 
absence of any underlying condition. The onset may be insidious with 
fatigue and pruritus being the only symptoms. Steathorrhea, weight 
loss, and symptoms of fat-soluble deficiency can be present in some 
patients. Abdominal pain, fever, and jaundice may signify ascending 
cholangitis with bacterial infection complicating PSC. Diagnostic eval- 
uation includes ultrasound studies, which may show dilated ducts. MR 
cholangiography can provide a detailed anatomy of the biliary tree and 
is more sensitive than an ultrasound. ERCP or PTC do not provide an 
advantage in diagnosing PSC but are useful, minimally invasive pro- 
cedures that can be performed if the dominant stricture is identified 
and biliary obstruction can be improved by dilation and/or stent place- 
ment. PTC can progress to cirrhosis with ultimate liver failure. Chol- 
angiocarcinoma complicates PTC in 10-15% of adults. No medical 
therapy has been shown to improve outcomes in PSC; thus treatment 
is supportive focused on management of cholestasis. Liver transplanta- 
tion is available as curative intervention once disease progresses to 
end-stage liver disease. 
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TABLE 15.9 Differential Diagnosis of Conjugated Hyperbilirubinemia in Childhood and 


Adolescence 
Autoimmune Hepatitis 
Anatomic/Obstructive 
Gallstones 
Primary sclerosing cholangitis 
Choledochal cyst 
Bile duct stenosis 
Anomalies of the choledochopancreaticoduodenal junction 
Pancreatitis 
Caroli disease 
Congenital hepatic fibrosis 
Tumor 

Hepatic 

Biliary 

Pancreatic 

Duodenal 


Infection 
Non-A-E hepatitis 
Hepatitis A 

Hepatitis B 

Hepatitis C 

Hepatitis D 

Hepatitis E 
Epstein-Barr virus 
Cytomegalovirus 
Human herpesvirus 6 
Herpes simplex virus 
Varicella-zoster virus 
Enteroviruses 
Measles 

Human immunodeficiency virus 
Leptospirosis 


Sepsis/shock 


Liver abscess 


Metabolic Disorders 
Wilson disease 


Cystic fibrosis 

Cholesterol ester storage disease 
Alpers syndrome 

o,-Antitrypsin deficiency 


Drug or Toxin 

Drugs* 

Chlorpromazine 

Hormones (estrogens, androgens) 


Antibiotics (amoxicillin-clavulanate, dicloxacillin, erythromycin, sulfonamides, 
tetracycline) 


Anticonvulsants (carbamazepine, phenytoin, valproate) 
Acetaminophen 

Alcohol 

Halothane 

Isoniazid 

Antineoplastics 


Toxins 
Amanita phalloides (mushroom) 


Insecticides 
Carbon tetrachloride 
Phosphorus 
Herbal teas 


Total Parenteral Nutrition 


Intrahepatic Cholestasis 
Benign recurrent intrahepatic cholestasis 


Progressive familial intrahepatic cholestasis type 3 


Miscellaneous 
Dubin-Johnson syndrome 


Rotor syndrome 

Budd-Chiari syndrome 

Systemic lupus erythematosus 
Indian childhood cirrhosis 
Cardiovascular 

Ischemia 

Congestive heart failure 
Cardiomyopathy 

Oncologic 

Leukemia 

Langerhans cell histiocytosis 
Lymphoma 

Graft-versus-host disease 
Venoocclusive disease 

Sickle cell disease with intrahepatic sickling 
Hemophagocytic lymphohistiocytosis 
Heat stroke 


Navajo neuropathy 


*Many other drugs have been implicated in the etiology of conjugated hyperbilirubinemia; these are the most commonly cited. 


Multiple biliary strictures have also been found in association with 
Langerhans cell histiocytosis, congenital hepatic fibrosis, autosomal 
recessive polycystic kidney disease, following ischemic/hypoxic injury, 
and in immunodeficiency states. 

Overlap syndrome with features of both sclerosing cholangitis 
and autoimmune hepatitis and autoimmune cholangitis with 


inflammation focused on small bile ducts has been described as vari- 
ants of the disease. In those conditions, response to immunosuppres- 
sive therapy is better than in PSC but worse than in autoimmune 
hepatitis. 

Infection. Infections are a common cause of jaundice in the child 
and adolescent. The most important step is to evaluate patients for 


synthetic liver failure and for signs of chronicity (portal hypertension, 
growth failure, risk factors for blood-borne or sexually transmitted 
disorders). Patients with synthetic liver failure should be referred for 
urgent evaluation by the liver transplant center. 

Diagnostic work-up should focus on potentially treatable disorders 
(CMV,hepatitis B,and C), disorders preventable for contacts (hepatitis 
A). Screening for common community-acquired disorders such as 
EBV, adenovirus, or enterovirus is optional. In the absence of an iden- 
tifiable viral agent, idiopathic acute hepatitis can be diagnosed only 
after the complete resolution of abnormal bilirubin and aminotrans- 
ferases is documented. If abnormalities persist, a work-up for chronic 
liver diseases should be initiated. 

Hepatitis A. Hepatitis A virus (HAV) infection is usually anicteric 
or asymptomatic in children younger than 5 years of age. However, in 
almost 66% of infected patients between 5 and 17 years of age, a 
symptomatic illness with Jaundice develops. Two to 7 days before the 
onset of Jaundice, there is a flulike illness with symptoms that can 
include malaise, headache, myalgias, anorexia, vomiting, diarrhea, 
right upper quadrant pain, and fever. Some children present with 
cough and coryza. The urine becomes dark, and jaundice and pale or 
acholic stools develop. Aminotransferase levels are 10-100 times 
normal. The diagnosis is confirmed by an HAV IgM study. Children 
generally recover within 2 weeks. On occasion, fulminant hepatitis 
develops from HAV infection. Small percentages develop either a 
relapsing or protracted cholestatic illness lasting up to 8 months. There 
is no carrier state or chronic illness. 

HAV is an enterovirus of the picornavirus group. Transmission is 
by the fecal-oral route, which may include contaminated water and 
food, especially shellfish. The greatest fecal excretion is before the onset 
of jaundice when the disease has not yet been recognized (Fig. 15.4). 
Transmission rates are high in daycare centers and institutions with 
developmentally delayed children. The incubation period is 15-40 
days. After exposure, infection can be prevented in 85-90% of cases by 
giving intramuscular immunoglobulin to contacts within 2 weeks of 
exposure. Hepatitis A vaccine is available for long-term prophylaxis. 

Hepatitis B. Hepatitis B virus (HBV) is a DNA virus that is trans- 
mitted through blood products, shared needles, and sexual contact; 
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FIGURE 15.4 Typical course of hepatitis A virus (HAV) infection. ALT, 
alanine aminotransferase; IgG, immunoglobulin G; IgM, immunoglobu- 
lin M. (From Balistreri WF. Viral hepatitis. Pediatr Clin North Am. 
1988:35:640.) 
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vertically during childbirth; and from occupational exposure. Infection 
in the newborn can be prevented by administration of hepatitis B 
immunoglobulin within 12 hours of birth and a series of 3 hepatitis B 
vaccinations. HBV infection is diagnosed mostly in children from 
countries with high prevalence of hepatitis B and no effective immu- 
nization or perinatal screening program. In developed countries, hepa- 
titis B should be suspected in children born from mothers with 
preexisting hepatitis B or mothers with no prenatal care. Hepatitis B 
risk factors in adolescents include intravenous (IV) drug use and 
unprotected sex. The majority of children with hepatitis B are asymp- 
tomatic; few develop symptoms of acute or chronic hepatitis. Extrahe- 
patic symptoms of arthritis, polyarteritis, urticaria, and nephritis from 
circulating immune complexes can be present. HBsAg is the first anti- 
genic marker to appear; it disappears after 1-3 months if HBV resolves 
(Fig. 15.5). Hepatitis B surface antibody (anti-HBs) is a protective 
antibody that develops after immunization or resolution of infection. 
In patients whose infections resolve, there is a window of 2-6 weeks 
between the disappearance of HBsAg and the appearance of anti-HBs. 
During this window, anti-HBc or HBV DNA may be the only evidence 
of infection with HBV. Hepatitis B e antigen (HBeAg) correlates with 
viral replication. HBV DNA is a measure of viral replication. Screening 
for infection is made with HBsAg and anti-HBc. Although acute HBV 
infection is rarely a severe illness, fulminant hepatic failure develops in 
up to 1% of patients. Chronic infection, defined as the persistence of 
HBsAg for at least 6 months, occurs in 90% of infected neonates, 
25-50% of infected children younger than 5 years, and 5-10% of 
infected adults. Children with chronic active hepatitis B can be treated 
with interferon & 2b or antiviral agents. 

Hepatitis C. Acute hepatitis C virus (HCV) infection is often mild 
and usually subclinical. Jaundice is unusual. Chronic infection devel- 
ops in 40-60% of affected children, in contrast with up to 80% of 
infected adults, and can progress to cirrhosis. Screening for hepatitis 
uses anti-HCV antibodies, and infection is confirmed via polymerase 
chain reaction (PCR) for HCV RNA. Transmission may be parenteral 
due to IV drug use or exposure to blood, or sexual or vertical transmis- 
sion is also possible. Elimination of hepatitis C is possible with directly 
acting antiviral agents. The treatment regimen is selected based on 
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FIGURE 15.5 Typical course of acute hepatitis B virus (HBV) infection. 
ALT, alanine aminotransferase; HBc, hepatitis B core; HBe, hepatitis B 
e; HbeAg, hepatitis B e antigen. HBs, hepatitis B surface; HBsAg, hepa- 
titis B surface antigen; IgM, immunoglobulin M. (From Balistreri WF. 
Viral hepatitis. Pediatr Clin North Am. 1988;35:647.) 


hepatitis C genotype. It is a rapidly evolving area; however, pediatric 
experience with direct-acting antiviral regimens is limited. 

Hepatitis D. Hepatitis D virus (HDV) infection can occur only in 
the presence of HBV as either a co-infection or a superinfection. Its 
route of transmission is parenteral. As with HBV, it can become 
chronic. The diagnosis is confirmed by the presence of HDV 
antibody. 

Hepatitis E. Hepatitis E (HEV) infection is similar to HAV in its 
manifestation and mode of transmission. It is a self-limited illness with 
no chronic state. However, fulminant hepatitis may occur in up to 20% 
of cases. Serologic diagnosis can be made by finding antibodies to HEV. 

Epstein-Barr virus. Epstein-Barr virus infection can mimic HAV, 
HBV, or HCV infection. Often there is an exudative pharyngitis and 
lymphadenopathy. Fatal hepatic necrosis can occur. This is rare, but it 
is of particular concern in the immunocompromised host. The diag- 
nosis is confirmed by elevation of Epstein-Barr virus PCR. 

Cytomegalovirus hepatitis can be symptomatic particularly in 
infants. Hepatitis is usually self-limited. Ganciclovir can be used as 
treatment in severe cases. 

Other viruses. Other viruses including herpes simplex, human 
herpesvirus 6, parvovirus B19, and norovirus can also cause hepatitis, 
particularly in the immunosuppressed patient. 

Wilson disease. Wilson disease is an autosomal recessive disorder 
of copper metabolism. As a result of ATP7B mutation, copper cannot 
be excreted and it accumulates in the liver, which causes hepatic ste- 
atosis and necrosis. Copper is then released into the circulation and is 
ultimately deposited in the central nervous system, kidneys, and 
cornea. The hepatic manifestation predominates in childhood; a neu- 
ropsychiatric manifestation becomes more common later, in adoles- 
cence and adulthood. The liver involvement may manifest as acute 
hepatitis, fulminant hepatic failure, chronic hepatitis, cirrhosis, or 
asymptomatic elevation of serum aminotransferases. Neurologic 
symptoms such as dysarthria, clumsiness, tremor, and mood disorders 
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may or may not be present. In the kidney, the result is tubular dysfunc- 
tion; in the cornea, the result is Kayser-Fleischer rings. Hemolysis can 
be present as a result of copper toxicity. The diagnosis is supported by 
documenting a low serum ceruloplasmin level, high urinary copper 
excretion, and increased hepatic copper concentrations on liver biopsy. 
p-Penicillamine or trientin chelate copper can successfully treat Wilson 
disease. Dietary restriction of copper can aid treatment. Wilson disease 
requires lifelong therapy. Wilson disease is a potentially lethal treatable 
disorder that should be promptly diagnosed. Patients presenting with 
synthetic liver failure should be promptly referred for liver transplant 
evaluation. 

Drugs and toxins. Numerous drugs and toxins are associated with 
hepatic injury (see Table 15.9) and should be considered in the evalu- 
ation of jaundice. The reaction can be idiosyncratic or dose related. In 
the latter case, this may be associated with either accidental or purpose- 
ful overdose. The manifestation can be that of acute hepatitis, fulmi- 
nant hepatic failure, or cholestatic disease, depending on the drug. 

Autoimmune hepatitis. Autoimmune hepatitis (AIH) is a common 
cause of chronic liver injury (Table 15.10). The most frequent course 
is insidious with fatigue as a dominant symptom. Autoimmune hepa- 
titis can present acutely with malaise, anorexia, nausea, vomiting, and 
jaundice. Autoimmune disorders such as arthritis, thyroiditis, vasculi- 
tis, nephritis, hemolytic anemia, or diabetes mellitus are often associ- 
ated with AIH. Autoimmune hepatitis may be associated with 
inflammatory bowel disease. Laboratory studies demonstrate elevated 
aminotransferase levels, mild hyperbilirubinemia, and hypergamma- 
globulinemia. ANA, actin, or anti-smooth muscle antibody is present 
in type 1 AIH, whereas anti—liver-kidney microsomal antibody is 
found in type 2 ATH (see Table 15.10). 

Liver biopsy is required for diagnosis. Characteristic findings are 
plasma cells and an inflammatory infiltrate expanding the portal area 
and moderate to severe piecemeal necrosis. Treatment consists of ste- 
roids and azathioprine. 


TABLE 15.10 Classification of Autoimmune Hepatitis 


Variable 


Characteristic autoantibodies Antinuclear antibody" 
smooth-muscle antibody” 


Antiactin antibody’ 


Type 1 Autoimmune Hepatitis 


Type 2 Autoimmune Hepatitis 


Antibody against liver-kidney microsome type 1* 
Antibody against liver cytosol type 1* 
Antibody against liver-kidney microsomal type 3 


Autoantibodies against soluble liver antigen and 


liver-pancreas antigen’ 


Atypical perinuclear antineutrophil cytoplasmic antibody 


Worldwide 
Any age 


Geographic variation 
Age at presentation 
Gender of patients Female in ~75% of cases 


Association with other autoimmune diseases Common 


Clinical severity 


Broad range, variable 
Histopathologic features at presentation 
Treatment failure Infrequent 
Relapse after drug withdrawal Variable 


Need for long-term maintenance Variable 


*The conventional method of detection is immunofluorescence. 
"Tests for this antibody are rarely available in commercial laboratories. 
‘This antibody is detected by an enzyme-linked immunosorbent assay. 


Broad range, mild disease to cirrhosis 


Worldwide; rare in North America 
Predominantly childhood and young adulthood 
Female in ~95% of cases 

Common: 

Generally severe 

Generally advanced 

Frequent 

Common 

~100% 


‘Autoimmune polyendocrinopathy—candidiasis-ectodermal dystrophy is seen only in patients with type 2 disease. 


From Krawitt EL. Autoimmune hepatitis. N Engl J Med. 2006;354:54-66. 
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SECTION3 Gastrointestinal Disorders 


In evaluating the older child or adolescent with jaundice, it is 
important to determine whether the condition represents a hepa- 
tobiliary problem, a hematologic disorder, or a systemic illness. If 
there is conjugated hyperbilirubinemia, it is essential to evaluate 
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for severe dysfunction, as manifest by, prolonged PT, hyperam- 
monemia, encephalopathy, and hypoglycemia. Coagulopathy, enceph- 
alopathy, or hypoglycemia can signify hepatic failure, which mandates 
early intervention. 
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Constipation is defined symptomatically as the infrequent passage 
of hard stools, straining while passing a stool, or pain associated 
with the passage of a hard stool. The range of normal defecation 
patterns in children is widely variable, though in general, formula-fed 
infants may have 4-5 stools per day in the lst weeks of life while 
breast-fed infants usually pass softer and more frequent stools. Stool 
frequency in both gradually decreases to 1-2 per day by 1 year of 
age. Most children aged 1-4 years have 1 or 2 daily bowel movements, 
with a range of 3 daily bowel movements to 1 bowel movement 
every other day. 

Constipation is classified broadly either as functional or as second- 
ary to underlying conditions, such as anatomic abnormalities, meta- 
bolic disorders, neurologic dysfunction, or medication effects (‘Table 
16.1). The majority of childhood constipation is functional. The Rome 
III Criteria for Functional Gastrointestinal Disorders defines func- 
tional constipation in 2 age groups as noted in Tables 16.2 and 16.3. 

Changes in diet, such as formula changes or the addition of solid 
foods, may lead to transient constipation in infants. Minor illnesses, 
including infectious diarrhea, can subsequently result in episodic con- 
stipation as well. More long-standing constipation is often secondary 
to inadequate intake of dietary fiber, fluid, or both. The evaluation of 
constipation involves first determining whether the change in the fre- 
quency or consistency of stools is secondary to functional constipation 
or is related to an underlying organic disorder. This determination is 
based on identifying historical features and examination findings that 
suggest an underlying disorder and prompt further investigation. 


PHYSIOLOGY OF NORMAL DEFECATION 
AND CONSTIPATION 


Fecal continence and physiologic defecation are dependent on the anal 
inhibitory reflex, which is in turn dependent on the proper structure 
and function of the internal and external anal sphincters and the pelvic 
floor. The internal anal sphincter is an involuntary muscle that is 
contracted at rest. When a bolus of stool distends the rectum, the 
internal anal sphincter relaxes. This process generally results in 
the child sensing the need to defecate. The external anal sphincter and 
the puborectalis muscle of the pelvic floor, under voluntary control, 
contract upon rectal distention, respectively closing the anus and 
decreasing the rectoanal angle, thus allowing the child to hold stool 
until it is socially convenient to defecate. Voluntary relaxation of the 
puborectalis muscle and the external anal sphincter straightens the 
anorectal angle and allows the child to stool. In situations where there 
is encopresis secondary to overflow incontinence, the child typically 
consciously withholds stool by refusing to relax the external anal 
sphincter in the setting of a relaxed internal anal sphincter. Over time, 
the child is not able to keep the external anal sphincter fully contracted 
and stool leaks out of the anal canal. The presence of overflow incon- 
tinence is an important indicator that the anal inhibitory reflex is likely 
intact, as patients with anatomic or neurologic abnormalities of the 
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distal colon and internal anal sphincter are unable to reflexively relax 
the internal anal sphincter to allow for the passage of stool. 

Patients with chronic constipation have physiologic abnormalities 
upon anorectal manometric evaluation. The most consistent abnor- 
mality is blunted rectal sensation, rendering the patient unable to feel 
the bolus of stool in the rectum. Other findings include incomplete 
relaxation of the internal anal sphincter and paradoxical contraction 
of the external sphincter during attempted defecation. Patients who 
have paradoxical anal contraction are less likely to respond to routine 
medical therapy or may be more likely to have recurrent constipation 
if treatment is withdrawn. 


DATA COLLECTION AND ASSESSMENT 
$ History 


Functional constipation may be distinguished from secondary causes 
of constipation by assessing the age of symptom onset, the stool con- 
sistency, and the presence of associated signs or symptoms. 

The age at symptom onset differentiates disease processes that are 
congenital versus those that are acquired. Failure to pass meconium 
within the first 48 hours of life suggests a diagnosis of Hirschsprung 
disease; however, up to 50% of patients with Hirschsprung disease will 
pass meconium prior to this. In addition to Hirschsprung disease, 
constipation in the Ist month of life or a history of constipation since 
infancy suggests organic causes (‘Table 16.4). The appearance of symp- 
toms beyond infancy suggests acquired organic constipation or func- 
tional constipation. 

Stool consistency in constipation can differ by etiology. Functional 
constipation tends to produce large, bulky stools, whereas constipation 
secondary to Hirschsprung disease or other organic etiologies tends to 
produce harder, pebble-like, or ribbon-like stools. Stool consistency 
may be objectively rated via use of the Bristol stool scale (Fig. 16.1), 
and can be used to follow response to therapy. 

The assessment of associated signs and symptoms should include 
evaluating for a history of blood in the stool, as well as for the presence 
of urinary symptoms. Bright red blood on the surface of the stool 
suggests an anal fissure indicative of straining, which is seen in approx- 
imately 25% of patients with constipation. Blood on the periphery of 
the stool may suggest pathology in the distal colon or anorectal vault. 

Urinary symptoms may take the form of either retention or incon- 
tinence. Retention may be secondary to congenital or acquired abnor- 
malities in the neurologic regulation of bladder voiding and may be 
associated with similar abnormalities in the regulation of defecation. 
Alternately, retention may be secondary to urinary tract outflow 
obstruction, which is secondary to a large stool burden. Incontinence 
may be due to a large stool mass distending the rectum and placing 
pressure on the posterior bladder wall, or may indicate overflow incon- 
tinence in the setting of a neurogenic bladder. Urinary retention is also 
seen in patients with chronic intestinal pseudoobstruction and is 
thought to be secondary to autonomic dysregulation. 
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TABLE 16.1 
Infants and Children 


Functional 

Faulty diet (poor fiber intake, 
excessive cow's milk, inadequate 
nutrition) 

Inadequate fluid intake 

Situational 

Depression 

Familial-constitutional 

Anatomic 

Anterior anal displacement 

Ectopic anus 

Anal stenosis 

Malrotation 

Colonic anomalies (rectocele, 
duplications) 

Stricture (postsurgical, sequelae of 
inflammatory disorders) 

Painful anorectal lesions (fissures, 
dermatitis, abscess) 

Abnormal abdominal musculature 
(prune belly, gastroschisis) 

Intestinal neoplasm, extraintestinal 
pelvic mass (teratoma) 

Endocrine 

Hypothyroidism 

Panhypopituitarism 

Diabetes mellitus 

Genetic/Metabolic 

Hypercalcemia 

Metal intoxication (lead, arsenic, 
mercury) 

Dehydration 

Cystic fibrosis: meconium ileus 
equivalent 

Hypokalemia 

Acute intermittent porphyria 

Blue diaper syndrome 

Hereditary coproporphyria 

Rubinstein-Taybi syndrome 

Williams syndrome (hypercalcemia) 

Infectious 

Typhoid 

Infant botulism 

Chagas disease 

Abnormal Innervation/ 
Neurologic 

Aganglionosis 

Hirschsprung disease 

Neural dysgenesis (pseudo- 
obstruction syndromes) 

Hyperganglionosis 

Myotonic dystrophy 

Cerebral palsy 


SLE, systemic lupus erythematosus. 
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Causes of Constipation in 


Neurologic/Spinal Cord 
Lesions 

Spina bifida and spina bifida 
occulta 

Tethered cord 

Spinal cord tumors 

Traumatic lesions 

Psychologic 

Anorexia nervosa 

Depression 

Medications 

Anticonvulsants 

Antacids (aluminum and calcium) 

lron 

Barium 

Opiates (codeine, diphenoxylate— 
atropine sulfate [Lomotil], 
loperamide [Imodium]) 

Antidepressants 

Anticholinergics 

Phenothiazines 

Vincristine 

Calcium channel blockers 

Bismuth 

Clonidine 

Antihistamines 

Diuretics 

Other 

Milk protein—induced anal 
inflammation and fissure 
formation 

Celiac disease 

Collagen vascular disease (SLE, 
mixed connective tissue disease, 
scleroderma) 

Amyloidosis 


TABLE 16.2 Functional Constipation: 
Infant/Toddler 


Diagnostic criteria Must include 1 mo of at least two of the following in 
infants up to 4 yr of age: 

1. Two or fewer defecations per week 

2. At least one episode/week of incontinence after the acquisition of 
toileting skills 


3. History of excessive stool retention 

4. History of painful or hard bowel movements 

5. Presence of a large fecal mass in the rectum 

6. History of large-diameter stools, which may obstruct the toilet 

Accompanying symptoms may include irritability, decreased appetite, and/or 
early satiety. The accompanying symptoms disappear immediately 
following passage of a large stool. 


From Rome Ill Diagnostic Criteria for Functional Gastrointestinal 
Disorders. 2006(Appendix A):895. Available at: http:// 
www.romecriteria.org/assets/pdt/19_Romelll_apA_885-898. pdf. 


TABLE 16.3 Functional Constipation: 
Child/Adolescent 


Diagnostic criteria” Must include two or more of the following in a 
child with a developmental age of at least 4 yr with insufficient criteria 
for diagnosis of IBS: 

1. Two or fewer defecations in the toilet per week 

2. At least one episode of fecal incontinence per week 

3. History of retentive posturing or excessive volitional stool retention 

4. History of painful or hard bowel movements 

5. Presence of a large fecal mass in the rectum 

6. History of large diameter stools, which may obstruct the toilet 


*Criteria fulfilled at least once per week for at least 2 mo prior to 
diagnosis. 

IBS, irritable bowel syndrome. 

From Rome Ill Diagnostic Criteria for Functional Gastrointestinal 
Disorders. 2006(Appendix A):897. Available at: http://www. 
romecriteria.org/assets/pdt/19_Romelll_apA_885-898.pdf. 


TABLE 16.4 Causes of Constipation 
During the Neonatal Period 


Meconium plug (rule out cystic fibrosis) 
Meconium ileus (rule out cystic fibrosis) 
Hirschsprung disease 

Intestinal pseudoobstruction 

Anteriorly displaced anus 

Ectopic anus 

Anal stenosis 

Imperforate anus 

Spina bifida 

Hypothyroidism 

Hypercalcemia 

Neuronal intestinal dysplasia types A and B 
Medications (opioids, paralytic agents, magnesium) 


Separate hard lumps, like nuts 
(hard to pass) 


Sausage-shaped but lumpy 


Like a sausage but with cracks 
on its surface 


Like a sausage or snake, smooth 
and soft 


Soft blobs with clear-cut edges 
(passed easily) 


Fluffy pieces with ragged edges, a 
mushy stool 


Watery, no solid pieces. 
Entirely liquid 


FIGURE 16.1 The Bristol stool chart allows for qualitative comparisons 
of stool consistency in the setting of both constipation and diarrhea. 


Abdominal pain is common in constipated patients; when present, 
It is often mild, nonspecific, and periumbilical. Older children may 
describe discomfort in the lower abdomen and a history of relief of 
pain after a stool is passed. Appetite is often diminished. A diary 
recording the passage of stools, the timing of meals, and the onset of 
abdominal pain over a period of several days to a few weeks can aid in 
the diagnosis of constipation and in monitoring of therapy. The per- 
sonal medical history and the family history may reveal illnesses and 
conditions associated with constipation (‘Table 16.5; see Table 16.1). 

The child’s behavior during defecation should be noted. A history 
of straining, as an index of difficulty in defecation, can be misinter- 
preted by parents, who often view a child’s efforts to withhold stool as 
efforts to pass a bowel movement. Parents often describe a toddler who 
hides in a corner, with stiffened straight legs, or who may lean into the 
wall or hold onto a table while “straining.” More often, these actions 
represent attempts at withholding stool. The young child, having 
become constipated, passes a painful stool. Passage of a large, painful 
stool may be associated with an anal fissure. If a fissure is present, a 
small amount of blood is usually passed with the stool. The child 
associates the passage of stools with pain and tries to prevent further 
painful episodes by withholding fecal matter. This behavior results in 
the formation of even larger, harder stools, which are painful to pass, 
thus establishing a link between pain and defecation that perpetuates 
the cycle. Children with stool retention may go 3-5 days without def- 
ecating. Enuresis and encopresis may occur. 


® Physical Examination 

Abnormal growth patterns should alert the physician to the possibility 
of underlying organic disease, such as hypothyroidism or celiac disease 
(see Table 16.5). Abdominal examination is usually benign; there may 
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TABLE 16.5 Historical and Physical 
Findings Suggestive of Organic Etiologies 
of Constipation 


Symptoms or History 

Acute Signs 

Delayed passage of meconium (after 
48 hr of life) 

Fever, vomiting, or diarrhea 

Rectal bleeding (unless attributable 
to an anal fissure) 

severe abdominal distension 

Chronic Signs 

Constipation present from birth or 
early infancy 

Ribbon stools (very narrow in 
diameter) 

Urinary incontinence or bladder 
disease 

Weight loss or poor weight gain 

Delayed growth (e.g., decreasing 
height percentiles) 

Extraintestinal symptoms (especially 
neurologic deficits) 

Congenital anomalies or syndrome 
associated with Hirschsprung 
disease (e.g., Down syndrome) 

Family history of Hirschsprung 
disease 


Physical Findings 

severe abdominal distension 

Pelvic mass (e.g., sacral teratoma) 

Lumbosacral dimple, hair tuft or 
lipoma, or deviation of the 
gluteal cleft 

Anal scars 

Anteriorly displaced anus 

Patulous anus (i.e., low resting 
sphincter tone) 

Perianal fistula 

High anal canal tone with empty 
rectum 

Explosive expulsion of stool after 
digital examination of the rectum 

Absent anal wink 

Absent cremasteric reflex 

Decreased lower extremity tone or 
strength 

Abnormal lower extremity deep 
tendon reflex: absence of delay 
in relaxation phase 

Abnormal thyroid gland 

Extreme fear during the anal 
Inspection 


Modified from Tabbers MM, DiLorenzo C, Berger MY, et al. 
Evaluation and treatment of functional constipation in infants and 
children: evidence-based recommendations from ESPGHAN and 
NASPGHAN. J Pediatr Gastroenterol Nutr. 2014;58(2):258. 


be some mild tenderness in the left lower quadrant on palpation of a 
segment of bowel that is full of stool. Stool may be palpable through 
the abdominal wall in the sigmoid and descending colon. On occasion, 
a large, firm fecal mass extends from the symphysis pubis to the umbi- 
licus, which may mimic findings of an abdominal malignancy. 

The spine and sacral area should be examined closely. A tuft of 
hair, a dimple, or a palpable defect or mass in this area should prompt 
consideration of spina bifida occulta or a tethered spinal cord. 
Sensory and motor function should be assessed. The presence of a 
normal anal wink, as elicited by gentle stroking of the perianal skin 
with a sharp object, such as a wooden tongue blade or the corner of 
a small package of lubricant, gives evidence of intact lumbosacral 
innervation. Presence of a normal cremasteric reflex in males also 
gives evidence of intact lumbosacral innervation. The cremaster 
muscle, innervated by the genitofemoral nerve of the lumbar plexus, 
typically contracts when the observer brushes a finger along the upper 
surface of the inner thigh, resulting in withdrawal superiorly of the 
ipsilateral testis. 

The perianal area should be examined for evidence of fissures sug- 
gestive of the passage of large, hard stools. The examination is facili- 
tated if an assistant gently spreads the patient’s buttocks apart while 
the examiner illuminates the area. Soiling in the undergarments may 
indicate fecal impaction with overflow incontinence. The anus should 
be located in relation to the other perineal structures to assess for 
anatomic or structural anomalies, such as anterior displacement of 
the anus (Fig. 16.2). The anus is typically situated in the center of the 
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FIGURE 16.2 A, Anterior ectopic anus. B, Normal anal anatomy. C, Anterior anal displacement. 


slightly hyperpigmented skin surrounding the anal sphincter. An ante- 
riorly displaced anus is indicated by an abnormal anal position index 
(API), which is defined as the ratio of the distance between the anus 
and the posterior aspect of the genitals (the fourchette in females and 
scrotum in males), to the distance between the coccyx and the poste- 
rior genitals. Measurements may be obtained using calipers or by 
placing clear plastic tape adjacent to the landmarks and marking with 
a pen, and then subsequently measuring the distance on the tape. The 
normal API for females is 0.45 + 0.15, and for males is 0.54 + 0.14. 

Digital examination is indicated in the evaluation of infantile con- 
stipation, if the cause or degree of constipation is unclear, or if there 
are signs of organic disease. The examiner should note the patency and 
tone of the anus. High tone and an empty rectal vault may suggest 
Hirshsprung disease. If the aganglionic segment is short enough, with- 
drawal of the finger might result in an explosive release of stool as the 
finger acts as a dilator to reach the dilated, ganglion-containing 
segment. Conversely, a dilated rectal vault with a large stool impaction 
is more suggestive of functional constipation with withholding behav- 
ior. In a cooperative patient, the examiner can ask the patient to bear 
down against their finger as if attempting to push out stool, which 
should result in relaxation of the anal canal. Patients who have para- 
doxical contraction of their anal canal upon this request may have 
functional dyssnergia, a condition in which the patients pelvic floor 
fails to relax upon attempted defecation. 


® Diagnostic Evaluation 


Routine laboratory evaluation is usually not helpful in the evaluation 
of constipation, though it is indicated if a metabolic abnormality is 
suspected on the basis of the history or physical examination. Endo- 
crinologic disturbances, such as hypothyroidism, can be associated 
with constipation. If celiac disease (see Chapter 11) is a consideration, 
serum anti—tissue transglutaminase immunoglobulin A (IgA) anti- 
body levels should be assessed. A total IgA level should be performed 
concomitantly to exclude IgA deficiency confounding interpretation. 
If the patient does have IgA deficiency, anti-tissue transglutaminase 
IgG levels or esophagogastroduodenoscopy with duodenal biopsies can 
be performed. Stool studies may be obtained to exclude infection if 
indicated by the history. 

Plain films of the abdomen are rarely necessary, although if obtained 
may demonstrate stool in the large bowel. This information is occa- 
sionally useful in the case of a child with complaints of diarrhea whose 
symptoms are due to fecal impaction and overflow of liquid stools. 
Suspected Hirschsprung disease is evaluated radiographically via a 
liquid contrast enema. Neurologic symptoms are evaluated with mag- 
netic resonance imaging of the spine and/or brain, particularly to 
assess for evidence of spinal dysraphism or a tethered cord. Concerns 


for intestinal dysmotility may be evaluated with a Sitz marker study, 
in which the patient swallows a capsule of radiopaque circular markers 
and undergoes serial abdominal radiographs to determine the distri- 
bution of the markers. After 3 days, any markers that have not yet been 
evacuated in the stool should be located in the rectum. The presence 
of markers more proximally in the gastrointestinal tract suggests 
enteric nervous system or neuromuscular pathology (e.g., chronic 
intestinal pseudoobstruction). 

A rectal motility evaluation may be helpful in the diagnosis and 
management of chronic constipation. Anorectal manometry can be 
used to evaluate the integrity of the muscles and the innervation of the 
defecatory mechanism. Determining the sensory threshold provides 
valuable diagnostic information: patients who cannot detect a balloon 
filled with 120 mL of air usually have encopresis. Hirschsprung disease 
is unlikely if reflexive relaxation of the internal anal sphincter occurs 
in the presence of rectal distention. Manometry and electromyogra- 
phy document the presence of paradoxical contraction of the external 
anal sphincter on attempted defecation. Anorectal manometry can also 
be used as a therapeutic modality in biofeedback therapy in patients 
with constipation and encopresis and in patients with paradoxical 
external anal sphincter contraction. Total colonic motility is per- 
formed by placing a catheter in the colon to monitor pressures from 
the rectum to the cecum. Motility tracings reveal information about 
the function of the colon that is useful in diagnosis and treatment, 
particularly if surgical options need to be explored. 


DIFFERENTIAL DIAGNOSIS 


The algorithmic approach to the evaluation of delayed passage of 
meconium in neonates is presented in Fig. 16.3. An algorithmic 
approach to the evaluation of pediatric constipation is presented in 
Fig. 16.4. 


Hirschsprung Disease 


Congenital aganglionic megacolon, or Hirschsprung disease, is a 
common cause of neonatal intestinal obstruction, occurring in 
approximately 1:5000-1:15,000 live births, with a male-to-female 
ratio of about 4:1. The disease is rare in premature births, may be 
familial, and is associated with trisomy 21, Waardenburg syndrome, 
multiple endocrine neoplasia type 2A syndrome, and piebaldism. 
The absence of ganglion cells in both the Meissner (submucosal) 
plexus and the Auerbach (myenteric) plexus results in an inability 
of the involved segment of bowel to relax in response to distention 
from the presence of stool. In the newborn, passage of meconium 
is often delayed beyond 48 hours after birth. Most affected patients 
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FIGURE 16.3 Algorithmic approach to the differential diagnosis of delayed passage of meconium. 


are diagnosed during infancy; 50% are diagnosed in the 1st months 
of life, 75% by 3 months, and 80% by the end of the Ist year. 
Diagnosis may be delayed into childhood and, in rare cases, into 
adolescence or even adulthood in some patients with ultrashort- 
segment disease. These patients complain of constipation; manifesta- 
tions usually start in infancy. Differentiating Hirschsprung disease 
from functional constipation may be challenging in older patients 
or in those with short-segment disease (Table 16.6). Other conditions 
that may mimic Hirschsprung disease include other abnormalities 
of intestinal innervation such as chronic intestinal pseudoobstruction 
and hyperganglionosis. 

The lesion begins at the internal anal sphincter and extends con- 
tinuously into the rectum or the rectosigmoid in 75-80% of cases. In 
10% of cases, there is total colonic aganglionosis; in another 10%, there 
is variable involvement of the small intestine in addition to total 
colonic disease. Delayed passage of meconium is the most common 
manifestation in the neonate, followed by lower intestinal obstruction 
(distention, bile-stained emesis), obstipation (no stools), failure to 
thrive, or, in rare cases, intestinal perforation. Meconium plug syn- 
drome may be an initial presentation. In addition, if stool is passed 
immediately after a rectal examination is performed in an obstipated 
or constipated patient, Hirschsprung disease should be suspected. 

A plain abdominal film occasionally reveals distention of the nor- 
mally innervated bowel proximal to the affected segment. The most 
useful radiographic test, though, is a liquid contrast enema, which may 
demonstrate a small-caliber rectum with a transition in the rectosig- 
moid to the dilated, obstructed, normal proximal colon. Patients 


undergoing contrast enema should not undergo preparatory bowel 
evacuation procedures, which decrease test specificity, particularly in 
short-segment disease. A delayed lateral radiograph performed 24 
hours after the barium enema aids in identifying a transition zone in 
the sigmoid colon. 

Anorectal manometry is a valuable diagnostic procedure if radio- 
graphic procedures are unrevealing. Normal internal anal sphincter 
relaxation with transient rectal distention rules out Hirschsprung 
disease. Paradoxical contraction of the internal anal sphincter suggests 
an absence of ganglion cells and is most common in Hirschsprung 
disease. Absence of relaxation has been noted in premature infants, in 
neonates with infection or sepsis, and in thyroid aplasia; normal func- 
tion is seen after appropriate therapy. The sensitivity and specificity of 
this test varies somewhat among the different age groups (children 
versus infants versus neonates). This test has a sensitivity that ranges 
from 0.79 to 0.90, a specificity ranging from 0.97 to 1.00, and a positive 
predictive value of 0.94-1.00. 

A definitive diagnosis of Hirschsprung disease requires histologic 
confirmation of the absence of ganglion cells; such confirmation may 
be accomplished by a simple submucosal suction biopsy, which may 
be performed in the physician’s office. Suction biopsy excludes the 
diagnosis if ganglion cells are present. However, there may be a 10% 
false-negative rate. A full-thickness rectal biopsy procedure is reserved 
for infants with bowel obstruction and for older children with abnor- 
mal rectal motilities and inconclusive suction biopsies. 

Complications of undiagnosed Hirschsprung disease include acute 
toxic megacolon or infectious enterocolitis, most frequently caused by 
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FIGURE 16.4 Algorithmic approach to the diagnosis of constipation. 


TABLE 16.6 Distinguishing 
Hirschsprung Disease from 
Functional (Acquired) Constipation 


History 
Gender of patient 


Onset of constipation 
Prevalence 
Encopresis 

Forced bowel training 
Stool size 
Enterocolitis 
Abdominal pain 


Failure to thrive 


Examination 
Abdominal distention 


Poor growth 

Anal tone 

Rectal examination 
Malnutrition 


Laboratory 
Barium enema 


Functional 
Constipation 


Male 

After 2 yr of age 
1-3% of boys 
Common 

Usual 

Very large 

None 

Common 


Uncommon 


Variable 

Rare 

Patulous 

Stool in ampulla 
Absent 


Massive amounts of 
stool, no transition 


Hirschsprung 
Disease* 


Male 

At birth 

1: 5000-1: 15,000 
Very rare 

None 

small, ribbon-like 
Possible 


Rare except with 
obstruction, toxic 
megacolon, or 
enterocolitis 


Common 


Common 
Common 

Tight 

Ampulla empty 
Possible 


Transition zone, 
delayed evacuation 


zone (>24 hr) 


Normal No ganglion cells; T 
acetylcholinesterase 


staining 


Rectal biopsy 


Distention of the rectum 
causes relaxation of 
the internal sphincter 


Anorectal manometry No sphincter 


relaxation 


*Note that ultrashort-segment Hirschsprung disease may have clinical 
features of functional (acquired) megacolon (e.g., constipation). 
Modified from Behrman RE, ed. Nelson Textbook of Pediatrics. 16th 
ed. Philadelphia: Saunders; 2000:1140. 


Staphylococcus aureus or Clostridium difficile. Therapy for these com- 
plications includes correcting electrolyte abnormalities (hypokalemia), 
broad-spectrum parenteral antibiotics, bowel rest, rectal tube place- 
ment, and if needed, emergency cecostomy or colectomy. Treatment 
for Hirschsprung disease is surgical resection of the affected segment 
of bowel and various strategies for an ileal or colonic rectal pull- 
through procedure. 


Chronic Intestinal Pseudoobstruction 


This disorder is characterized by manifestations of intestinal obstruc- 
tion without an identifiable anatomic lesion and may be secondary 
to an intestinal neuropathy or myopathy. Congenital cases may be 
sporadic or inherited, in either autosomal dominant or recessive 
patterns. 

Congenital disease often presents in the 1st months of life. Patients 
may be born prematurely and may have associated malrotation. Mani- 
festations include abdominal distention, emesis, constipation, growth 
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failure, and pain; diarrhea is less common. Diagnosis is based on the 
clinical manifestations in the absence of identifiable anatomic obstruc- 
tion, as well as on motility studies that quantify abnormal bowel 
transit. Full-thickness intestinal biopsy should be reserved for severe 
or refractory cases, and care should be taken to pursue biopsy only if 
the patient is undergoing another indicated intraabdominal procedure, 
as biopsy in these patients increases the risk of postoperative adhesions 
and acquired obstruction. 


Anterior Anal Displacement 


There are two forms of displacement of the anus (see Fig. 16.2). In 
anterior ectopic anus, the anal canal and the internal anal sphincter 
are displaced anteriorly in the perineum as a unit and are separated 
from the external anal sphincter, which remains posterior in its usual 
position. On physical examination, it may be possible to elicit an 
external sphincter anal wink in the usual location, posterior to the 
opening of the anal canal. Rectal examination often reveals a sharp 
posterior angulation in the anal canal. In anterior anal displacement, 
the entire normal anal unit is located in the anterior perineum. Both 
entities are found more commonly in females. Symptoms of consti- 
pation often begin in the neonatal period and are related to the 
difficulty in expelling stool through a canal that is angled anteriorly. 
If the displacement is severe enough to cause symptoms, surgical 
correction may be necessary to relocate the anus and relieve the 
obstruction. 


Anal Stenosis 


The diagnosis of anal stenosis may be delayed beyond the neonatal 
period, especially if the degree of stenosis is not severe. Any portion of 
the anal canal or the entire canal may be involved. The diagnosis can 
be made by digital examination or by endoscopy. Constipation is 
caused by fecal retention secondary to outlet obstruction. Treatment 
is by dilatation or anorectal myectomy. 


Imperforate Anus 


Imperforate anus is usually diagnosed in the neonatal nursery. Passage 
of meconium is delayed or is noted to take place through an abnormal 
location as a result of the presence of a fistula (e.g., rectovaginal, rec- 
tovesicular, or rectoperineal). Treatment is surgical; the actual proce- 
dure depends on the level and the extent of the defect. 


Spina Bifida and Spina Bifida Occulta 


Defecation disturbances, most frequently constipation, are common in 
patients with spina bifida and spina bifida occulta, especially if the 
defect involves the lumbosacral spine. The spinal and nerve root 
defects result in poor functioning of the terminal bowel. Voluntary 
external sphincter control and rectoanal sensation are most often 
diminished or absent, and the degree of difficulty with defecation is 
related to the degree and the extent of the injury. 

Most patients can achieve an acceptable level of continence via an 
individualized bowel regimen. Dietary fiber, stool softeners, supposi- 
tories, and enema continence catheters are treatment options. Biofeed- 
back and pudendal nerve stimulation are successful in some patients. 
In most patients, a combination of treatment modalities allows social 
continence to be achieved and dramatically improves the patient’s 
quality of life. Treatment of patients with spinal or nerve injury or 
dysfunction from other causes is similar. 


Metabolic Diseases 


The appropriate laboratory tests should be performed to rule out the 
various metabolic and endocrinologic conditions that may manifest 
with constipation (see Table 16.1). The most important of 
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(See Nelson Textbook of Pediatrics, p. 1806.) 


(See Nelson Textbook of Pediatrics, p. 3409.) 


these conditions is hypothyroidism. In routine neonatal screening, 
hypothyroidism manifesting solely with constipation is rarely seen. It 
should be suspected in any infant presenting with constipation and a 
history of prolonged neonatal jaundice. 


Neurologic Disease 


Children with neurologic disease may have constipation for many 
reasons, including poor intestinal motility, lack of dietary fiber, and 
poor awareness of rectal vault distention with stool retention. Any 
illness affecting the spinal cord or sacral nerves, degenerative muscle 
diseases, cerebral palsy, and demyelinating diseases can result in 
constipation. 


Medication-Related Constipation 


A complete medication history may reveal substances that can cause 
constipation (see Table 16.1). 


ENCOPRESIS 


Idiopathic constipation is much more common than Hirschsprung 
disease. Long-standing constipation leads to encopresis, the deposi- 
tion of stools in the undergarments or other unorthodox locations that 
persists or occurs beyond the age that is considered culturally appro- 
priate for achieving continence. In some cultures, delayed bowel train- 
ing up to the age of 6 years is normal. It is generally accepted in the 
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United States that healthy children should be bowel trained by the age 
of 4 years. 

Encopresis is related to the chronic withholding of stool. As the 
fecal mass accumulates, it causes rectal distention, increases rectal 
compliance, and eventually results in blunted or absent sensitivity of 
the rectum to the presence of liquid stool passing around a firm fecal 
mass. Children with encopresis usually pass small stools and do not 
completely empty the rectum. Periodically, they pass huge stools, 
which may block the toilet. It is important to specifically question the 
patient or parents regarding these massive stools because this informa- 
tion is frequently not volunteered. 

Encopresis has been incorrectly considered a symptom or manifes- 
tation of psychiatric illness. It was thought that the patient retained 
stools either consciously or subconsciously as a way to rebel against, 
please, or anger caretakers. Although encopresis may be seen in asso- 
ciation with emotional and behavioral problems, it is usually the result 
of painful defecation followed by a pattern of stool withholding, 
leading to chronic constipation, overflow encopresis, and possibly poor 
relations with peers as a result of fecal soiling. In the few patients in 
whom encopresis is truly a manifestation of psychiatric disease, there 
is often no stool retention, and the prognosis for fecal continence with 
therapy is poor. 

Idiopathic constipation with or without encopresis may compress 
the bladder by a dilated rectum, thus causing stasis and urinary tract 
infections. 


Constipation is a common concern in infants and young children. A 
detailed history of bowel patterns identifies many children with normal 
bowel movements whose parents need reassurance. The majority of 
patients who do have constipation have functional constipation. The 
history should include a review of all medications and a search for an 
associated chronic disease, such as a metabolic or neurologic disease. 
This complete history, combined with a careful physical examination, 
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including the spine and sacral area, the location of the anus, and a 
digital rectal examination, should alert the physician to the need for 
further evaluation. Red flags include onset in the neonatal period, 
growth failure, and prolonged jaundice in the neonatal period. Distin- 
guishing features associated with Hirschsprung disease are listed in 
Table 16.6. 


(See Nelson Textbook of Pediatrics, p. 1807.) 
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An abdominal mass or abdominal fullness in a child usually becomes 
apparent when it enlarges enough to be visualized during bathing or 
palpable on physical examination. Masses may arise from intraperito- 
neal, retroperitoneal, or abdominal wall locations and emanate from 
both solid and hollow viscera (Figs. 17.1 and 17.2). An abdominal mass 
may prove life threatening (e.g., malignant neoplasm, splenic seques- 
tration crisis in sickle cell disease), arise from congenital malformation 
or disorganized development (e.g., mesenteric cyst, enteric duplica- 
tion), or be benign or correctable nonoperatively (fecaloma). Hepato- 
megaly and splenomegaly often represent systemic illnesses such as 
infection, hemolysis, storage disease, or malignancy. A child with an 
abdominal mass requires a prompt and thorough work-up with testing 
guided by history, physical examination findings, age, and gender. Early 
surgical referral may assist in this work-up following a directed screen- 
ing approach. 


DIAGNOSTIC STRATEGIES 


$ Clinical History 


A child’s age, gender, and thorough clinical history help to identify the 
most likely disease category (Tables 17.1 and 17.2). The duration and 
character of associated symptoms are important for narrowing the 
differential diagnosis (e.g., fatigue, fever, appetite changes, vomiting, 
stooling history, weight loss, night sweating, character and frequency 
of pain, hematuria, flushing, palpitations, lower extremity swelling, 
lymph nodal prominence, and jaundice). A history of abdominal 
trauma should be elicited, as solid organ injuries may result in hema- 
toma, seroma, persistent pseudocyst, or arteriovenous malformation. 
Infectious disease may have sequelae of cyst, lymphadenopathy, 
or intraabdominal abscess. Some systemic diseases (e.g., glycogen 
storage, hereditary spherocytosis), genetic syndromes (e.g., Beckwith- 
Wiedemann, Peutz-Jeghers, familial adenomatous polyposis), and 
anomalies (aniridia with Wilms tumor, isolated hemihypertrophy with 
neuroblastoma and Wilms tumor) are associated with intraabdominal 
tumors. A family and sexual history are also pertinent, particularly in 
adolescent females. Modern prenatal imaging frequently identifies 
congenital malformations and neoplasms, requiring postnatal imaging 
and surgical assessment. 


$ Physical Examination 


A complete physical exam should be performed in children with 
abdominal masses. Attention should be paid to the general condition 
of the child and to signs of metastatic disease. Enlarged lymph nodes 
and their locations should be noted, the skin inspected, and the lungs 
and heart auscultated. Extremities should be evaluated for evidence of 
swelling, venous phlegmasia, or evidence of embolic disease. Genito- 
urinary exam should make note of any inappropriate virilization, tes- 
ticular changes, and hymenal patency in the case of a female with a 
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low pelvic mass. In addition, a neurologic examination may reveal 
signs of nervous system involvement. The eyes should be carefully 
inspected for periorbital ecchymosis, proptosis, squint, opsoclonus- 
myoclonus syndrome, heterochromia of the iris, Horner syndrome, 
and scleral icterus. The patient’s blood pressure must be determined 
and may be elevated in patients with Wilms tumor, neuroblastoma, or 
pheochromocytoma. 

To successfully perform abdominal palpation in a child, the physi- 
cian must approach the patient calmly and gently, as the most reliable 
exams are completed in cooperative and relaxed children. Enlarged 
organs may be missed in a struggling child who does not lie quietly. 
When cooperation proves difficult in an infant, the examining hand 
should be placed and remain static on the abdomen and the exam 
completed between cries or as the child calms in the parent’s arms. 
Creative play is sometimes necessary, with the use of pacifiers or bottles 
to distract the child from the exam. Re-examination after voiding or 
defecating elucidates contributions of constipation and urinary reten- 
tion in the child’s presentation. 

The abdominal quadrants should be examined systematically 
(Table 17.3; Figs. 17.1 and 17.2). With the patient in the supine posi- 
tion, the symmetry of the abdomen should be inspected, and any 
visible masses or the presence of ascites should be noted. A very 
enlarged spleen is frequently visible, with fullness of the left side of the 
abdomen. The presence of tense fluid-filled hernias or prominent peri- 
umbilical veins as sequelae of portal hypertension should be noted. 
The mass should be localized, and its size, shape, texture, mobility, 
tenderness, and relation to midline noted. The umbilical position is a 
useful marker of abdominal asymmetry. 

Signs of peritoneal inflammation must be sought (see Chapter 10). 
Dull visceral pain conducted by slow C nerve fibers may be reported 
for inflammatory processes in the vascular distributions of the celiac, 
superior mesenteric, and inferior mesenteric arteries and referred to 
the epigastrium, umbilical region, or hypogastrium, respectively. When 
the inflamed process contacts the peritoneum, peritoneal fast A nerve 
fibers allow discrete localization of sharp pain to the abdominal wall. 
Ultrasound is often a very useful adjunct in the evaluation of an 
abdominal mass and is often available at the bedside. 

Approximately half of abdominal masses in older children are 
caused by enlargement of the liver or spleen, or both. The liver is 
normally palpated in the right upper quadrant and epigastrium 
extending 1-2 cm below the costal margin. The inferior hepatic margin 
may be palpated in a thin child, is usually nontender, and moves with 
respiration. Detection of liver edge by auscultation using skin scratches 
has been proven unreliable and has been supplanted by the use of 
readily available ultrasound. The spleen is located in the left upper 
quadrant and is nonpalpable in most healthy children. To locate an 
enlarged spleen, the examiner must begin palpation in the patient’s 
right iliac fossa (to avoid missing a grossly enlarged spleen or liver with 
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Benign hepatic tumors 
Liver abscess 


Hepatoblastoma 
Hepatocellular carcinoma 


Metastatic cancer Bezoar 


Choledochal cyst 


Splenomegaly 


Splenic cyst 
Intestinal 
obstruction, lymphoma 
| Intestinal 
Appendiceal duplication 
abscess 


Ovarian cyst/neoplasm, 


Mesenteric cyst abscess 


Tuboovarian 
abscess 


Hydrometrocolpos 


FIGURE 17.1 Location of select intraabdominal tumors and masses. 


Neuroblastoma 
Wilms' tumor 


Hydronephrosis 
Pancreatic 
pseudocyst 
Multicystic, polycystic 

(autosomal dominant or 


recessive) renal disease 
Lymphoma 


FIGURE 17.2 Location of select retroperitoneal tumors and masses. 


TABLE 17.1 Stepwise Evaluation of an 
Abdominal Mass 


Clinical History 

Age and gender 

General symptoms 

Pain 

Gastrointestinal symptoms 

Urogenital symptoms 

Pulmonary symptoms 

Family history 

sexual history 

Weight loss 

Travel 

Physical Examination 

General condition 

Lymph nodes 

Associated physical findings 

Cachexia 

Abdominal Palpation 

Quadrant of the abdomen 

Organ most likely to be affected 

Characteristics (soft or hard, mobile or nonmobile, crosses midline, moves 
with respiration, tender) 

Ultrasonography 

Location 

Solid or cystic 

Depending on the Clinical Suspicion, Evaluation Can Be 

Continued with One or More of the Following: 

Laboratory studies: CBC, urinalysis, tumor markers 

Imaging studies: plain radiography of chest and abdomen, contrast 
radiography of the gastrointestinal tract, computed tomography, magnetic 
resonance imaging, angiography, scintigraphy 


extension of the left hepatic lobe into the splenic area in the left upper 
quadrant); the examiner’s right hand should move toward the patient’s 
left upper quadrant to find the spleen’s lower pole or medial border. 
The examiner’s left hand is placed in the patient’s left flank, and gentle 
displacement of the thoracic cage toward the examiner’s right hand 
often displaces the spleen forward enough to make it appreciable. The 
spleen has a rounded tip and should move downward with inspiration 
and is more superficial than a renal mass. It is equally important for 
the examiner to palpate the spleen as it is for the spleen to “touch” the 
examiner during its descent with inspiration. Overaggressive palpation 
may push the spleen away, whereas gentle or light palpation permits 
the examiner to feel the spleen’s edge passively. The characteristic notch 
in the medial or inferior border may not be palpable when the spleen 
is enlarged only a few centimeters, but the notch’s presence usually 
clearly distinguishes an enlarged spleen from other abdominal masses 
on the examination alone. Because the extent to which the spleen 
extends below the costal margin depends heavily on the patient’s posi- 
tion, the extent of the spleen below the costal margin should be mea- 
sured with the patient in the supine position. Measurement from the 
left costal margin to the lower pole of the spleen defines the splenic 
axis. Ordinarily, the long axis of the spleen is along the length of the 
10th rib. As it enlarges, it extends medially and downward. Masses in 
the left upper quadrant, especially left renal masses, may be difficult 
to distinguish from an enlarged spleen. In general, the presence of 
the splenic notch helps identify the mass as a spleen, but nodular 
masses, such as Wilms tumors of the kidney, neuroblastomas, and 
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TABLE 17.2 Age-Related Etiology of 
Abdominal Masses 


Age Benign Malignant 


Neonate Neuroblastoma 


(0-1 mo) 


Congenital hydronephrosis 

Cystic kidney disease 

Intestinal duplication 

Mesenteric/omental cyst 

Neurogenic bladder 

Ovarian cyst 

Renal vein thrombosis 

Choledochal cyst 

Mesoblastic nephroma 

Meconium ileus 

Hematoma (adrenal, hepatic, 
splenic) 

Neuroblastoma 

Hepatoblastoma 

Wilms tumor (rare) 

Teratoma 


Intestinal duplication 
Mesenteric/omental cyst 
Ovarian cyst 

Mesoblastic nephroma 

Liver hamartomas 

Hepatic cavernous hemangioma 
Liver hemangioendothelioma 
Teratoma 

Intussusception 
Hepatosplenomegaly 
Choledochal cyst 
Megacolon 


Infant 
(0-1 yr) 


Mesenteric/omental cyst 
Choledochal cyst 
Appendiceal abscess 


Neuroblastoma (2-10 yr) 
Hepatoblastoma 

Wilms tumor 

Leukemia 

Lymphoma 


Neuroblastoma 
(11-16 yr) 
Hepatocellular 
carcinoma 
Ovarian neoplasm 
Lymphoma 


Bezoar 

Hematocolpos 

Hydrometrocolpos 

Pregnancy 

Inflammatory bowel disease 

Retroperitoneal hematoma 
(hemophilia) 


Adolescent 


retroperitoneal teratomas may masquerade as splenomegaly. Many 
enlarged spleens are not palpable on physical examination because of 
their relationship to other organs and the thoracic cage. Hyperinflation 
of lungs (as occurs in asthma, bronchiolitis, ipsilateral pneumothorax) 
may make a normal-sized liver or spleen palpable. 

Flank masses are the next most frequent, particularly in newborn 
to toddler-aged children. Renal masses extend caudally, are fixed with 
respiration, and cause abdominal asymmetry. Lower abdominal masses 
are most commonly caused by constipation or urinary retention. These 
may be functional or secondary to neurogenic dysfunction. A perfo- 
rated appendix with resulting abscess formation may create a tender 
right lower quadrant mass. Ovarian or uterine tumors often grow 
undetected in the pelvis until large enough to exit the pelvis as a large 
palpable abdominal mass. 


® Laboratory and Imaging Studies 


Screening laboratory data, including complete blood count with dif- 
ferential and cell morphology, measurements of serum electrolytes, 
urinalysis, urine pregnancy test when appropriate, and inflammatory 
markers, are broadly applicable. Liver function tests, serum amylase, 
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TABLE 17.3 Location and Nature of Abdominal Mlasses 


Organ 


Liver and biliary 


tract 


Spleen 
Kidney 


Adrenal gland 
Stomach 


Intestines 


Mesentery 


Pancreas 
Uterus 
Ovaries 


Congenital 


Hemangioma 
Choledochal cyst 


Hydronephrosis 
Cystic disease 
Duplication 


Neuroblastoma 


Duplication 
Teratoma 


Duplication 
Megacolon 


Hydrometrocolpos 
Cyst 


Benign 


Hemangioendothelioma 
Hamartoma 


Cyst 


Leliomyoma 
Inflammatory pseudotumor 


Lymphangioma 
Hemangioma 


Mesenteric/omental cyst 


Cyst 


Myoma 
Cyst 


Malignant 


Hepatoblastoma 
Lymphoma 

Leukemia 

Hepatocellular carcinoma 


Sarcoma 
Wilms tumor 


Neuroblastoma 


Leiomyosarcoma 
Adenocarcinoma 


Carcinoma 
Lymphoma 


Carcinoma 
Rhabdomyosarcoma 
Yolk sac tumor 


Acquired 


Abscess 

Hematoma 

Parasitic disease 

Hydrops of the gallbladder 


Splenomegaly (e.g., mononucleosis) 


Hematoma 


Hematoma 
Bezoar 


Appendiceal abscess 
Intussusception 
Obstipation 


Inflammatory bowel disease 
Parasitic disease 
Tuberculosis 


Pseudocyst 
Pregnancy 
Tuboovarian abscess 


Teratoma Cystic teratoma 


Cystic adenoma 


Granulosa cell tumor 


Bladder Urachal cyst 

Posterior urethral valve 
Presacral teratoma 
Anterior myelomeningocele 


Retroperitoneum Ganglioneuroma 


Abdominal wall Hernia 
Omphalocele 
Gastroschisis 


Hemangioma 


tumor marker levels (Table 17.4), and renal function tests are often 
important initial objective data points. 

Plain abdominal radiographs may reveal tumor calcifications, 
organomegaly, excess fecal load, and mass effect upon intestines. Views 
in at least 2 different positions should be obtained to appreciate 
ascites or intestinal obstruction. As a screening modality, ultrasonog- 
raphy is a highly efficient, low-cost, and widely available test. It is 
noninvasive, nonirradiating, and can give detailed information on 
the location, vascularity, and nature of the mass and adjacent struc- 
tures (Fig. 17.3). The most widely used axial imaging technique is 
computed tomography (CT) (Fig. 17.4), followed by magnetic reso- 
nance imaging (MRI). These modalities often provide radiologic 
diagnosis, are invaluable for surgical planning, and are unhampered 
by bowel gas, a common limitation of ultrasound. MRI pulse 
sequences have evolved to discriminate between primary malignant, 
metastatic, and hamartomatous liver lesions. 


SPLENOMEGALY 


Unlike many other abdominal masses, splenomegaly is usually second- 
ary to another process; it can be caused by diseases that result in 
hyperplasia of the lymphoid and reticuloendothelial systems (infec- 
tions, connective tissue, inflammatory disorders), infiltrative disorders 
(Gaucher disease, leukemia, lymphoma, histiocytosis, hemophagocytic 
lymphohistiocytosis), hematologic disorders (thalassemia, hereditary 


Inflammatory pseudotumor 


Embryonal carcinoma 
Dysgerminoma 
Choriocarcinoma 


Rhabdomyosarcoma Urinary retention 


Psoas abscess 
Aortic aneurysm 


Neuroblastoma 


Hematoma 
Rectus sheath hematoma 
Abscess 


Rhabdomyosarcoma 


TABLE 17.4 Tumor Markers 


Tumor Tumor Markers 


Neuroblastoma Urinary catecholamines 
LDH 
Ferritin 


Neuron-specific enolase 

Wilms tumor Erythropoietin 

Hepatoblastoma, pancreatoblastoma, 
yolk sac tumors 


a.-Fetoprotein 


Germ cell tumors B-hCG 


hCG, human chorionic gonadotropin; LDH, lactate dehydrogenase 


spherocytosis), and conditions that cause distention of the sinusoids 
whenever there is increased pressure in the portal or splenic veins 
(portal hypertension) (Table 17.5). In addition, palpable spleens in 
children and adolescents are not always indicative of disease. A pal- 
pable spleen (<2 cm below the left costal margin) is a normal finding 
in a child younger than 3 years and may be a normal finding in an 
older child. Up to 15% of full-term neonates, 10% of children, and 3% 
of college freshmen have palpable spleens unassociated with an increase 
in lymphoreticular malignancy and with equivalent health. Painful 
splenomegaly generally follows stretching of the splenic capsule with 
rapid enlargement of the spleen. Malfixed spleens may undergo torsion, 
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FIGURE 17.3 An ultrasonic longitudinal view of the pelvis reveals 
hydrometrocolpos. The uterus and cervix are readily seen superior to 
the large collection of fluid in the vagina located at the right of the 
image. 


FIGURE 17.4 Computed tomogram revealing a large Wilms tumor 
replacing the right kidney. Notice that the renal cortex, enhanced by 
contrast medium, is splayed out around the mass. This characteristic 
helps differentiate Wilms tumor from neuroblastoma, which would 
displace a normal-appearing kidney. 


presenting the upper pole to the abdominal wall as a prominent painful 
abdominal mass. Splenic enlargement that is noted not in the context 
of an acute illness (i.e., it is noted incidentally, for instance on a well 
child examination or check up) is more likely to be caused from a 
chronic process such as a storage disease than splenomegaly that is 
noted in the context of an acute illness. Acute onset of splenomegaly 
is most characteristic of an acute infection or a rapidly progressive 
malignancy (acute leukemia, lymphoma). Chronic splenomegaly 
(present for 21 month) is much more likely to represent a chronic 
process, such as storage diseases, congestive processes (portal hyper- 
tension, congestive heart failure), hemolysis, chronic infection or 
inflammation. 


Abdominal Masses 
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FIGURE 17.5 The subcapsular splenic hematoma (arrow) in a 15-year- 
old boy who had been in an automobile accident was best seen on 
coronal scans through the left intercostal spaces. 


$ History 


Birth and medical history, including transplacentally acquired infec- 
tions, especially congenital syphilis, are often associated with splenic 
enlargement. History of a neonatal umbilical venous catheter, perhaps 
accompanied by occult portal venous injury or thrombosis, may pro- 
gressively obstruct the extrahepatic portal vein, leading to congestive 
splenomegaly. Causative previous infections include hepatitis, mono- 
nucleosis, and malaria. Liver disease may lead to portal hypertension, 
which may in turn lead to splenomegaly. Congestive heart failure and 
associated congenital cardiac malformations have an increased risk of 
splenic malformation and splenomegaly. Abdominal trauma may 
acutely produce a splenic hematoma (Fig. 17.5) or may be followed by 
development of a chronic splenic pseudocyst. 

A family history of anemia, transfusions, early biliary stones, 
cholecystectomy, and splenectomy may indicate hemolytic anemia. 
Identification of Mediterranean (thalassemia, glucose-6-phosphate 
dehydrogenase [G6PD] deficiency), African (sickle cell disease, G6PD 
deficiency), southern Asian (thalassemia, G6PD deficiency), or Ashke- 
nazi Jewish (storage disease) ancestry in patients with splenomegaly is 
helpful in identifying an inherited process. 

Systemic symptoms, such as fever or weight loss, are seen in many 
disorders that manifest splenomegaly, particularly infections, malig- 
nancies, and inflammatory or granulomatous processes, such as hemo- 
phagocytic lymphohistiocytosis (HLH) and sarcoidosis. When fever is 
acute in onset, infection is most likely. Chronic fever, often gradual in 
onset and not associated with chills, is more likely to be caused by 
inflammatory processes (systemic lupus erythematosus [SLE], juvenile 
idiopathic arthritis [JIA], sarcoidosis, Langerhans cell histiocytosis), or 
tumors (lymphomas, especially Hodgkin disease, or leukemia). Expo- 
sure to infectious agents or a travel history that might result in expo- 
sure to infectious agents unusual for the patient’s community (malaria, 
leishmaniasis, schistosomiasis, trypanosomiasis for U.S. citizens with a 
travel history to an endemic country) should be determined. Social 
and behavioral issues of parents, children, and adolescents heavily 
affect certain risks and exposures. Sexual encounters and intravenous 
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TABLE 17.5 Differential Diagnosis of Splenomegaly by Pathophysiology 


Anatomic Lesions 

Cysts, pseudocysts 

Hamartomas 

Polysplenia syndrome 
Hemangiomas and lymphangiomas 
Hematoma or rupture (traumatic) 
Peliosis 


Hyperplasia Caused by Hematologic Disorders 

Acute and Chronic Hemolysis* 

Hemoglobinopathies (sickle cell disease in infancy with or without 
sequestration crisis and sickle variants, thalassemia major, unstable 
hemoglobins) 

Erythrocyte membrane disorders (hereditary spherocytosis, elliptocytosis, 
pyropoikilocytosis) 

Erythrocyte enzyme deficiencies (severe G6PD deficiency, pyruvate kinase 
deficiency) 

Immune hemolysis (autoimmune and isoimmune hemolysis) 

Paroxysmal nocturnal hemoglobinuria 


Chronic Iron Deficiency 

Extramedullary Hematopoiesis 

Myeloproliferative diseases: CML, juvenile CML, myelofibrosis with myeloid 
metaplasia, polycythemia vera 

Osteopetrosis 

Patients receiving granulocyte and granulocyte-macrophage colony-stimulating 
factors 


Infections’ 


Bacterial 

Acute sepsis: Salmonella typhi, Streptococcus pneumoniae, Haemophilus 
influenzae type b, Staphylococcus aureus 

Chronic infections: infective endocarditis, chronic meningococcemia, 
brucellosis, tularemia, cat-scratch disease 


Local infections: splenic abscess (S. aureus, streptococci, less often Salmonella 


species, polymicrobial infection), pyogenic liver abscess (anaerobic bacteria, 
gram-negative enteric bacteria), cholangitis 


Viral* 

Acute viral infections, especially in children 
Congenital CMV, herpes simplex, rubella 
Hepatitides A, B, and C; CMV 

EBV 

Viral hemophagocytic syndromes: CMV, EBV, HHV-6 
HIV 


Spirochetal 
Syphilis, especially congenital syphilis 
Leptospirosis 


Rickettsial 

Rocky Mountain spotted fever 
Ü fever 

Typhus 


*Common. 
"Chronic or recurrent infection suggests underlying immunodeficiency. 


Fungal/Mycobacterial 

Miliary tuberculosis 

Disseminated histoplasmosis 

south American blastomycosis 

Systemic candidiasis (in immunosuppressed patients) 


Parasitic 

Malaria 

Toxoplasmosis, especially congenital 

Toxocara canis, Toxocara cati (visceral larva migrans) 
Leishmaniasis (kala-azar) 

Schistosomiasis (hepatic-portal involvement) 
Trypanosomiasis 

Fascioliasis 

Babesiosis 


Immunologic and Inflammatory Processes* 
systemic lupus erythematosus 

Rheumatoid arthritis 

Mixed connective tissue disease 

systemic vasculitis 

Serum sickness 

Drug hypersensitivity, especially to phenytoin 
Graft-versus-host disease 

Sjögren syndrome 

Cryoglobulinemia 

Amyloidosis 

Sarcoidosis 

Autoimmune lymphoproliferative syndrome 
Post-transplant lymphoproliferative disease 
Large granular lymphocytosis and neutropenia 
Histiocytosis syndromes 

Hemophagocytic syndromes (nonviral, familial) 


Malignancies 

Primary: leukemia (acute, chronic), lymphoma, angiosarcoma, Hodgkin disease, 
mastocytosis 

Metastatic 


Storage Diseases 

Lipidosis (Gaucher disease, Niemann-Pick disease, infantile GM1 
gangliosidosis) 

Mucopolysaccharidoses (Hurler, Hunter-type) 

Mucolipidosis (I-cell disease, sialidosis, multiple sulfatase deficiency, 
fucosidosis) 

Defects in carbohydrate metabolism: galactosemia, fructose intolerance, 
glycogen storage disease type IV 

Sea-blue histiocyte syndrome 

Tangier disease 

Wolman disease 

Hyperchylomicronemia type |, IV 


Congestive* 

Heart failure 

Intrahepatic cirrhosis or fibrosis 

Extrahepatic portal (thrombosis), splenic, and hepatic vein obstruction 
(thrombosis, Budd-Chiari syndrome) 


CML, chronic myelogenous leukemia; CMV, cytomegalovirus; EBV, Epstein-Barr virus; G6PD, glucose-6-phosphate dehydrogenase; HHV-6, 


human herpesvirus 6; HIV, human immunodeficiency virus. 


and illicit drug exposure may expose patients to hepatitis, cyto- 
megalovirus, and human immunodeficiency virus (HIV). Sexual abuse 
may place even young children at risk, and it may be difficult to elicit 
an accurate history. 

A review of systems in a patient with splenomegaly should elucidate 
related conditions. Pallor suggests anemia (hemolysis, bone marrow 
infiltration, hypersplenism); purpura and petechiae suggest thrombo- 
cytopenia (bone marrow failure, autoimmune disorder, hypersplen- 
ism, bone marrow infiltration); and jaundice or conjunctival icterus 
suggest hemolytic anemia, liver dysfunction, or both. Rashes caused by 
a variety of acute and chronic infections (SLE, JIA, infective endocar- 
ditis, HLH) and hemangiomata that are part of a systemic process 
involving the spleen may provide clues to splenic disease. Dyspnea, 
cough, orthopnea, and fatigue suggest respiratory disease (Langerhans 
cell histiocytosis or sarcoidosis), anemia, congestive heart failure, or 
malignancy (Hodgkin disease). Diarrhea caused by Salmonella infec- 
tion or inflammatory bowel disease may be accompanied by splenic 
enlargement. Abdominal pain accompanied by splenomegaly may be 
attributable to acute splenic capsule distention or caused by coincident 
gallstones, hepatitis, or trauma. Joint pain resulting from SLE, JIA, and 
other autoimmune inflammatory diseases may be associated with sple- 
nomegaly. Bone pain is a feature of bone marrow infiltrative processes, 
particularly leukemia or neuroblastoma. Poor vision in an infant with 
splenomegaly suggests osteopetrosis (with deafness) or uveitis-iritis 
(sarcoidosis, JIA). Loss of developmental milestones occurs with 
storage diseases. Myasthenia gravis may in rare cases be accompanied 
by splenomegaly. 


® Physical Examination 


Nutritional status and growth parameters provide clues to disorders 
that affect the patient’s metabolic state and tissue oxygenation. Poor 
nutrition (as evidenced by such problems as weight loss and failure to 
thrive) in a child with splenomegaly suggests malignancy, chronic 
hemolysis, immunodeficiency or chronic infection, a metabolic disor- 
der, or liver disease. Pallor, petechiae, purpura, icterus, hemangiomata, 
septic emboli to the skin, infiltrative lesions (leukemia cutis, solid 
tumors), seborrhea, or eczema (as occurs in Langerhans cell histiocy- 
tosis and immunodeficiency) should be noted. Cherry-red retinal spots 
or cloudy corneas suggest storage diseases. Conjunctival pallor, scleral 
icterus, fundal hemorrhages, evidence of sinus infection or otitis 
media, condition of gingivae, and evidence of salivary gland enlarge- 
ment should be noted. The clinician should look for signs of heart 
failure or new or changing murmurs, which suggest valvular or other 
structural heart disease or endocarditis. Any distress, rales, rhonchi, or 
suggestions of pneumonia or asthma should be noted. Abdominal 
distention, prominent veins on the abdomen, hepatomegaly, fluid 
wave, tenderness, or rebound should be noted, as should specific char- 
acteristics and size of the spleen itself. A hard or nodular spleen sug- 
gests malignancy or chronic hemolysis. A tender spleen suggests either 
acute enlargement or infection, or both. A spleen that is more than 
5 cm below the left costal margin is usually not transient and repre- 
sents significant disease. Arthritis, splinter hemorrhages, and poor 
bone growth (as occurs in storage diseases and osteopetrosis) should 
be noted. Size, texture, mobility, tenderness, and distribution of lymph 
nodes should be noted. Enlarged (>1 cm), firm, fixed lymph nodes are 
suggestive of lymphoma or leukemia. Tender, enlarged lymph nodes 
are suggestive of more common infections. Developmental delay sug- 
gests chronic infection, immunodeficiency, or storage diseases. 


Approach to the Child with Splenomegaly 


The most common cause of splenomegaly in childhood is viral infec- 
tion, which should induce only moderate splenomegaly (<5 cm below 
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the left costal margin) that is transient, lasting less than 4-6 weeks. 
Other common causes include autoimmune disorders and destruction 
of abnormal blood cells (such as brisk hemolysis). The approach to the 
child with splenomegaly is affected by several key factors, each of which 
indicates the probability of significant disease necessitating diagnosis 
and intervention (Fig. 17.6A and B). 


® Laboratory Investigation 


Table 17.6 summarizes key diagnostic laboratory investigations. 


Complete Blood Cell Count 


A complete blood count is the first test indicated in all patients with 
undiagnosed splenomegaly. This count provides extensive information 
about hematologic, infectious, and inflammatory processes, and the 
result may be abnormal in patients with hypersplenism caused by 
portal hypertension. 

Leukocyte Count and Differential. Elevation or decrease in the 
number of total white blood cells (WBCs), the neutrophil count, and 
the lymphocyte count and the presence of abnormal cells (atypical 
lymphocytes, blasts) should be noted. Viral infection is the most 
common cause of splenomegaly in children, and atypical lymphocy- 
tosis may be a clue. Viral infections may be associated with an increased 
(early) or decreased WBC count. Most significant bacterial infections 
produce neutrophilia and reactive changes in the neutrophils. Infec- 
tions with intracellular bacteria or some viruses may produce neutro- 
penia. Leukemia can manifest with an increased or decreased total 
WEC count. The presence of blasts is confirmatory, but they are not 
always present. 

Hemoglobin, Erythrocyte Morphology, and Reticulocyte Count. 
Hemolytic anemia may be unsuspected without examination of the 
blood smear and the reticulocyte count. Malarial parasites may be seen 
on the blood smear but may be missed unless a thick preparation is 
examined. Clues found on the blood smear include spherocytes 
(present in hereditary spherocytosis and hemolytic anemias); ellipto- 
cytes (present in hereditary elliptocytosis); polychromasia, poikilo- 
cytes, and fragmented cells (present in hemolytic anemias); sickled 
cells with target cells, spherocytes, and nucleated red blood cells 
(present in sickle cell anemia and variants); and microcytosis, hypo- 
chromia (present in thalassemias), and Howell-Jolly bodies (present in 
splenic dysfunction). 

Platelet Count. Thrombocytopenia (<150,000 platelets/mm”’) may 
be caused by decreased platelet production or increased platelet 
destruction. Production is diminished in conditions characterized by 
bone marrow infiltration (leukemia, neuroblastoma). Increased 
destruction accompanies immunologic processes, drug reactions, 
HLH, and viral infections. Thrombocytosis (>400,000 platelets/mm’”) 
often accompanies iron deficiency or acute infection as an acute-phase 
reactant. 

Pancytopenia. Pancytopenia implies bone marrow dysfunction, 
bone marrow infiltration, or portal hypertension with hypersplenic 
destruction (increased sequestration and lysis by splenic macrophages) 
of all the formed elements of the blood. A bone marrow aspiration and 
biopsy should be performed in any child with splenomegaly and pan- 
cytopenia. Tests of liver function, including prothrombin time and 
albumin, are indicated. 


Erythrocyte Sedimentation Rate 


Elevation of erythrocyte sedimentation rate (ESR) is nonspecific but 
suggests infection, especially bacterial, mycobacterial, or fungal infec- 
tion, or an inflammatory process, such as JIA, HLH, or SLE. The ESR 
may be normal despite significant inflammation. The C-reactive 
protein level may be elevated when the ESR is normal. 
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TABLE 17.6 Summary of Laboratory Investigations for Suspected Diagnosis 
with Splenomegaly 


Suspected Diagnosis Tests to Be Performed 


Hemolysis CBC, reticulocyte count, blood smear, serum bilirubin measurement, Coombs test, osmotic fragility study, RBC enzyme assays, 
hemoglobin electrophoresis 


Infection CBC, differential, blood cultures, viral studies (EBV, CMV, HIV), toxoplasmosis, TB test, malaria test 
Liver disease Liver function tests, albumin measurement, prothrombin time, o.,-antitrypsin, serum copper, ceruloplasmin 
Portal hypertension Liver function tests; albumin measurement; prothrombin time; ultrasonography/CT of portal veins, liver, and spleen 


Immunologic and ESR; C3, C4, antinuclear antibody, rheumatoid factor measurements; urinalysis; blood urea nitrogen, serum creatinine, and 
inflammatory disease immunoglobulins measurements 


Infiltrative disease Bone marrow aspiration, CT, enzyme assay for Gaucher disease, tests as indicated for other storage diseases 


CBC, complete blood count; CMV, cytomegalovirus; CT, computed tomography; EBV, Epstein-Barr virus; ESR, erythrocyte sedimentation rate; 
HIV, human immunodeficiency virus; RBC, red blood cell; TB, tuberculosis. 


SPLENOMEGALY 
Perform H and P 


Features suggestive 
of infectious or viral 
etiology present: 
Pharyngitis 
Fever 
Lymphadenopathy 
YES NO 


CBC with differential Obtain CBC with differential 
Serology for EBV Peripheral smear 
+ Testing for CMV, toxoplasmosis Reticulocyte count 


+ HIV testing 
Abnormal Normal Observe 4—6 weeks 
results results (unless clinically ill) 
Splenomegaly Splenomegaly persistent 
resolved (or patient ill) 


US/abdominal CT/MRI 


A 


FIGURE 17.6 A and B, Approach to the child with splenomegaly. CBC, complete blood count; CMV, cyto- 
megalovirus; CT, computed tomography; EBV, Epstein-Barr virus; G6PD, glucose-6-phosphate dehydroge- 
nase; HIV, human immunodeficiency virus; MRI, magnetic resonance imaging; RBC, red blood cell; US, 
ultrasonography. (From Pomeranz A, Sabnis S, Busey S, et al. Solenomegaly: Pediatric Decision-Making 
Strategies. 2nd ed. Philadelphia: Elsevier; 2016:106-109.) 
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SPLENOMEGALY (continued) 


Obtain CBC with differential 


Peripheral smear 


Reticulocyte count 


Abnormal 
results 


Suggestive of Atypical lymphocytes Blast cells 
hemolytic disorder present 
Obtain serology for EBV, 
toxoplasmosis, CMV 


Normal 

results 
Perform abdominal US 
+ CT/MRI 


Abnormal Normal 
results results 


FIGURE 17.6, cont'd 


Liver Function Tests 


Liver function tests are indicated if splenomegaly is significant (>2 cm) 
or persists longer than 1 month. Portal hypertension is often asymp- 
tomatic until hepatic fibrosis is far advanced. Liver synthetic function 
(albumin, prothrombin time, fibrinogen), direct bilirubin levels, and 
transaminase levels should be assessed. 


Immunologic Evaluation 


Immunologic evaluation is needed when autoimmune disorders (JIA, 
SLE) or immunodeficiency disorders (inherited or acquired) are sus- 
pected. This assessment includes measurements of antinuclear anti- 
body titer, immunoglobulin levels, and immunoglobulin subclass 
levels; tests of neutrophil function; and measurements of T-cell sub- 
classes. Repeated infections stimulate the immune system and may 
cause splenomegaly. 


Viral Antibody Titers 


Viral antibody titers for Epstein Barr virus and cytomegalovirus should 
be obtained when a mononucleosis syndrome is present, especially 


when splenomegaly persists. The results of these tests rarely affect 
management but may permit a presumptive diagnosis of a self-limited 
process to be made, and they may preclude more invasive tests such as 
imaging and/or bone marrow examination. Toxoplasmosis should also 
be considered. Primary infection with HIV frequently causes spleno- 
megaly. Acute infection with HIV may not be noted on screening labs; 
therefore additional testing may be required. 


Cultures 


Bacterial, fungal, and other cultures may be necessary and are dictated 
by the suspected infection. 


Bone Marrow Examination 


Bone marrow examination is appropriate for diagnosing infiltrative 
processes (acute leukemia and other malignancies), storage disorders 
(Gaucher disease, Niemann-Pick disease, sea-blue histiocyte syn- 
drome), HLH, and some infections that may be difficult to diagnose 
from other tissues (disseminated histoplasmosis, miliary tuberculosis, 
bacterial endocarditis, and other chronic infections, especially in 
immunocompromised patients). 


® Imaging 

Imaging of the spleen has several roles but should be performed selec- 
tively. It is useful for the confirmation of splenic size, assessment of 
splenic architecture, and evaluation of other organs involved in the 
differential diagnosis. It can be useful in determining whether there are 
other abdominal masses that suggest widespread involvement by 
tumor, and if there is silent portal hypertension. 

The choice of imaging depends on the questions to be asked. Ultra- 
sonography has been the preferred method of imaging as it is used to 
assess size, perfusion, and to visualize cysts and other lesions. Guide- 
lines are available for the upper limit of normal splenic length (mea- 
sured as the greatest longitudinal distance between the dome of the 
spleen and the tip). Dopplerflow ultrasonography can detect portal 
hypertension. 

CT of the spleen can define focal lesions (Fig. 17.7) and nonfocal 
enlargement, as well as evaluate the splenic and portal veins and the 
vasculature of the spleen. Less common in children than in adults, 
splenic cysts and pseudocysts may manifest with palpable spleens (Fig. 
17.8). Both CT and ultrasonography identify such cysts well, and they 
also image the pancreas. Pancreatitis is a common cause of splenic 
cysts. Subcapsular hematoma can also be visualized by ultrasonogra- 
phy. Splenic lacerations are seen well on CT (Fig. 17.9). Persistent 


FIGURE 17.7 Abdominal computed tomographic scan of a 15-year-old 
with fever, weight loss, and orthopnea. The diagnosis was Hodgkin 
disease. The spleen shows hypoechoic lesions, typical of lymphoma. 
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FIGURE 17.8 The large epidermoid cyst of the spleen in a boy, shown on ultra 


splenomegaly after systemic infections may be caused by splenic 
abscesses, which are visualized with ultrasonography (Fig. 17.10). CT 
is an alternative imaging procedure for each of these problems. 


SPLENECTOMY 


Surgery plays an important role in the management of splenomegaly 
due to congenital hemolytic anemia. Laparoscopic splenectomy proce- 
dures have been demonstrated to significantly decrease sequestration 
events in both hereditary spherocytosis and sickle cell disease. Partial 
splenectomy outcomes are durable in 5 year followup with only a 4.8% 
failure rate according to the congenital hemolytic anemia registry. The 
use of partial splenectomy may be helpful in hereditary spherocytosis 
where total splenectomy has been associated with pulmonary artery 
hypertension, thrombosis, and overwhelming postsplenectomy sepsis. 
Pediatric surgeons initiated nonoperative approaches for the manage- 
ment of splenic lacerations resulting from trauma. The American Asso- 
ciation for the Surgery of Trauma grading scales for splenic injury have 
been employed to prospectively follow outcomes in stable pediatric 
trauma patients. Patients with grade I-II lacerations are confined to 
bed for 24 hours, and those with grade III-V lacerations are confined 
to bed for 48 hours with restriction of activity for grade plus 2 weeks 
postinjury. Even for the highest grades of injury, the need for splenec- 
tomy due to hemorrhage and clinical deterioration is less than 5%. 


NEUROBLASTOMA 


Neuroblastoma is the most common extracranial solid malignancy in 
childhood. It accounts for 10% of all childhood tumors and 15% of 
pediatric cancer deaths. The incidence of neuroblastoma is approxi- 
mately 10.2 per million U.S. children under age 15 and is more 
common in boys than in girls (1.2:1). The tumor affects primarily 
children younger than 8 years, and more than 50% occur in children 
older than 2 years of age. 

It arises from neural crest cells forming primitive sympathetic 
innervation. Seventy-five percent of the tumors are abdominal, and 
65% of these originate in the adrenal medulla or lumbar sympathetic 
ganglia. The biology of neuroblastoma is exceptionally heterogeneous 
as mature lesions, particularly in neonates, may regress spontaneously 
or mature into more benign forms of ganglioneuroblastoma or gan- 
glioma. Unpredictably, other lesions may degenerate despite intensive 
chemotherapy. As a derivative of sympathetic ganglia, this tumor pro- 
duces catecholamines (90%) and expresses surface disialoganglioside 


a af 


sonography (A), is shown 


by computed tomographic scan (B) to compress the left renal vein (arrows). The boy presented with 


varicocele. 
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2 (GD2). These features are exploited via MIBG scans and GD2 
epitope-directed immunotherapy. Neuroblastomas evade T and NK 
cells and exploit inflammatory macrophages to enhance survival. 
MYCN, X-linked alpha thalassemia/mental retardation syndrome 
(ATRX), anaplastic lymphoma receptor tyrosine kinase (ALK), and 
paired like homeobox 2b (PHOX2B) mutations have been recognized 
among neuroblastomas. 

Toddlers present with progressive abdominal distention or abdomi- 
nal discomfort. The mass is retroperitoneal and tends to encase rather 
than displace other viscera. Catecholamine production by the tumor 
occasionally results in flushing, sweating, and irritability. Vasoactive 
intestinal polypeptide, also produced by the tumor, may cause secre- 
tory diarrhea rarely. A variety of neurologic symptoms (opsoclonus- 
myoclonus) may also be seen, as may weight loss and anorexia. Most 
patients have metastases at the time of diagnosis, mainly to regional 
and distant lymph nodes, bone marrow and bone cortex, the orbit, the 
liver, and occasionally the lungs. Signs and symptoms related to metas- 
tases include bone pain, proptosis, and skin lesions. 

Diagnostic studies must define relative anatomy and size of the 
tumor, determine regional invasion, metastatic disease, function, and 
ultimately histologic features. In 90% of patients, high levels of 


FIGURE 17.9 Splenic laceration that resulted from trauma in a 15-year- 
old boy. 
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catecholamines and their detectable metabolites (homovanillic and 
vanillylmandelic acid) are found in spot urine samples. Twenty-four- 
hour urine collections show no additional sensitivity. Other serum 
markers include lactate dehydrogenase, ferritin, and neuron-specific 
enolase. In 50% of cases, a plain radiograph shows finely stippled 
tumor calcifications and displacement of gas-filled bowel loops. Ultra- 
sonography confirms its solid nature and position in relation to the 
kidney. CT or MRI should be completed with arterial and venous phase 
contrast prior to biopsy or resection (Fig. 17.11). Axial imaging 
may reveal any intraspinal extension of the tumor or its metastases. 
Bone marrow metastases are detected by bone marrow aspiration. 
Technetium 99m (Tc-99m) bone scans can be used to detect cortical 
bone lesions and are necessary for staging. Metaiodobenzylguanidine 
(MIBG) scans are utilized to detect remote metastatic disease. 
Surgical resection is the primary treatment of localized neuroblas- 
toma. Two exceptions to this rule currently exist—neonates with stage 
AS disease (primary lesion, cutaneous, hepatic, and/or bone marrow 
metastases) and infants under 6 months of age with stage 1 small 
adrenal tumors (<16 mL). In these cases careful observation may be 
employed with intervention for disease progression. Adjuvant chemo- 
therapy and radiotherapy are employed postoperatively, depending on 


FIGURE 17.11 Computed tomogram of a left adrenal neuroblastoma 
reveals metastatic disease in the right kidney and liver. The patient, in 
whom the disease was diagnosed before 1 year of age, died of the 
disease. 


FIGURE 17.10 A 10-year-old girl had been treated for acute myelogenous leukemia. She had taken multiple 
antibiotics for recurrent infections. Unremitting fevers then developed. Candidiasis was strongly suspected, 
and ultrasonography was requested. Two weeks after the clinical suspicion of candidiasis was raised, obvious 
focal defects (arrows) could be seen within the spleen (A) and liver (B). 


the stage of the disease. For initially unresectable tumors, a diagnostic 
open biopsy or a needle biopsy is performed, preferably retroperitone- 
ally. Bone marrow aspiration findings, necessary for staging, may dem- 
onstrate classic small, round blue cells forming rosettes. For large 
encasing tumors surrounding major vasculature, neoadjuvant chemo- 
therapy may be employed following biopsy and prior to resection. This 
strategy has been shown to improve resectability, the goal being to 
achieve greater than 90% tumor volume reduction at resection. In 
high-risk neuroblastoma, at least 4 cycles of high-dose chemotherapy 
precede resection, followed by postoperative radiation therapy, autolo- 
gous stem cell rescue, and continued chemotherapy. The use of dif- 
ferentiating agents, such as retinoic acid, is indicated in high-risk 
disease. Interleukin 2 (IL-2), granulocyte macrophage colony-stimu- 
lating factor (GM-CSF), and anti-GD2 therapy are being used in high- 
risk protocols as well. Staging is based on the regional extension of the 
tumor, the level of metastatic disease, and the degree of resection. The 
outcome of the patient is determined primarily by the child’s age, 
tumor stage, histologic classification, MYCN amplification, and 11q 
deletions. Hyperploid DNA is associated with a lower stage and better 
prognosis (contrary to most other tumors). Five year survival for 
infants is 90% and for older children is 62-68%. 


RENAL MASSES 


The most common causes of a renal mass in neonates and infants are 
congenital hydronephrosis and congenital multicystic-dysplastic 
kidney (often unilateral). In older infants and toddlers, Wilms tumor 
(nephroblastoma) emerges as the leading cause. Ultrasonography 
immediately reveals whether the mass is solid or cystic, thus directing 
further investigation. An ectopic or horseshoe midline kidney may also 
be palpable. 


Congenital Hydronephrosis 

Hydronephrosis secondary to ureteropelvic obstruction due to aber- 
rant renal artery or adhesion may result in a flank mass discovered in 
the neonatal period or in later childhood. It is more common in boys 
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and on the left side. The most common presenting symptom in infants 
is an abdominal mass or urinary tract infection. In older children, 
distention of the renal pelvis may cause intermittent pain, and hema- 
turia may occur following minor abdominal trauma. 

The diagnosis is confirmed with ultrasonography. A voiding cysto- 
urethrogram excludes ureterovesical reflux and posterior urethral 
valves (in boys). Diuretic renal scintigraphy is useful to demonstrate 
degree of obstruction and relative renal function. Treatment consists 
of pyeloplasty with resection of the obstruction and, if necessary, parts 
of the distended renal pelvis. 

Prenatally diagnosed hydronephrosis can be detected in up to 5% 
of pregnancies and rarely requires fetal intervention (Fig. 17.12). Post- 
natally, infants with unilateral neonatal hydronephrosis will spontane- 
ously resolve in over 90% of cases, with higher rates of intervention 
required in infants with bilateral hydronephrosis, ureteric dilatation 
>12 mm, and bladder thickening. 


Cystic Abnormalities of the Kidney 


A unilateral multicystic-dysplastic kidney usually manifests as a flank 
mass in the newborn. Ultrasonography, MRI, or CT demonstrates a 
cystic kidney with absence of renal parenchyma and decreased func- 
tion and readily allow for evaluation of the contralateral kidney. Treat- 
ment usually consists of surgical excision, as a dysplastic kidney 
increases the child’s risk for hypertension, urinary tract infection, 
malignant transformation, and pain. Alternatively, select patients 
without recurrent infection, hypertension, or severe proteinuria and 
with small lesions may be managed nonoperatively and followed 
long-term. 

In the more serious case of autosomal recessive infantile polycys- 
tic disease, both kidneys are affected. The kidneys are filled with thou- 
sands of small cysts derived from the collecting tubules. The clinical 
manifestation varies, depending on the degree of renal failure. Unfor- 
tunately, almost 50% of patients experience severe renal insufficiency 
before the age of 15 years. The neonatal form is fatal without renal 
transplantation. Abdominal ultrasonography discloses the cystic 
nature of the condition, and diuretic renal scintigraphy shows 
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FIGURE 17.12 Fetal ultrasonography showing bilateral hydronephrosis. A, The urinary bladder (UB) is seen 
between the two dilated renal pelvises (LT and RT). B, The renal cortex is seen on the right side of the same 


fetus, between the two Xs. 


symmetrically diminished function. Following peritoneal dialysis, 
renal transplantation is the definitive management. 


Wilms Tumor (Nephroblastoma) 


Wilms tumor (WT) is an embryonal renal neoplasm, one of the most 
common childhood abdominal malignancies. The estimated incidence 
Is close to 1 in 15,000 live births, with a male-to-female ratio of 0.9:1. 
The mean age at diagnosis is 3.5 years, and at least 90% of the patients 
present before the age of 8 years. Between 4% and 10% of children 
have bilateral disease with a mean age of 2.5 years. Associated condi- 
tions include aniridia, hemihypertrophy, genitourinary anomalies, and 
Beckwith-Wiedemann syndrome. Wilms tumor arises in precursor 
lesions called nephrogenic rests, which may be intra- or extralobar and 
usually spontaneously regress. The tumor suppressor gene WTI 
(11p13) and the transcription factor WT2 (11p15) are associated 
with Wilms pathogenesis. Germline mutations in these genes induce 
Wilms-associated syndromes (Denys-Drash, Wilms tumor-—aniridia— 
genitourinary malformation—mental retardation). Microscopic hema- 
turia is present in about 30% of patients. In rare cases, obstruction of 
the left renal vein may induce a left-sided varicocele via the gonadal 
vein. Other less common symptoms or signs include anemia, polycy- 
themia, weight loss, hypertension, or frank hematuria. 

In this age group, the most useful imaging modality is a CT scan of 
the abdomen with arterial and venous phase contrast due to the speed 
of the study and high resolution afforded for surgical planning (Fig. 
17.13). The location, size, resectability of the tumor, presence of local 
tumor invasion, and infiltration of the renal vein and inferior vena cava 
are assessed. Metastatic or bilateral disease must be ruled out. Differ- 
entiation of Wilms tumor from neuroblastoma on axial imaging is 
based on whether the renal pelvis is splayed by an intrinsic renal mass 
or simply displaced by a suprarenal mass. In Wilms tumor, lung metas- 
tases from the renal vein and inferior vena cava infiltration may be 
present, whereas bone metastases are rare; these features distinguish it 
from neuroblastoma. In some cases, however, the overwhelming size of 
the tumor may obfuscate radiologic differentiation between Wilms 
tumor and neuroblastoma. A chest CT scan should be completed. 

Treatment includes a transabdominal nephrectomy with early liga- 
tion of the renal vein to avoid tumor mobilization. Chemotherapy and 
radiotherapy are added postoperatively, depending on the stage and 
histologic features of the tumor. For very large or complex tumors, 
especially those with extension of the tumor into the renal vein, infe- 
rior vena cava, and right atrium, preoperative chemotherapy has been 


FIGURE 17.13 An exophytic Wilms tumor noted incidentally on a 
computed tomogram obtained for trauma. 
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employed in selected patients following tumor biopsy. In cases of 
bilateral disease, partial resection with nephron-sparing surgery is 
employed. For children with excessive loss of functional renal paren- 
chyma, transplantation is an option. 

Tumor staging is based on radiographic evaluation (metastatic 
disease) and intraoperative findings (tumor size, extrarenal extension 
of the tumor, tumor spillage, status of local lymph nodes). The stage 
determines the prognosis and treatment of the disease. Survival 
depends on the prognostic factors, cytogenetics, the histologic features 
of the tumor, and the age of the patient. Younger patients have a better 
prognosis. Most children have either stage I or stage II disease (regional 
extension of the tumor but complete surgical removal), and most cases 
of Wilms tumor have favorable histologic features. Overall, the 5-year 
survival rate for favorable histology tumors exceeds 90%, with steadily 
decreasing chemotherapeutic toxicity and radiation exposure. The late 
complications of therapy for Wilms tumor include the development 
of acute myelogenous leukemia, short stature, and congestive heart 
failure. 


LIVER TUMORS 


Hepatomegaly or a hepatic mass may be caused by infection (hepatitis, 
abscess, cyst), storage disease, extramedullary hematopoiesis, as well as 
by benign or malignant lesions. Primary liver tumors are uncommon 
in children, but when they occur, 66% are malignant. Hepatoblastomas 
predominate, followed by hepatocellular carcinoma, mesenchymoma, 
and rarely sarcoma. 

Hepatic abscesses are caused by pathogens such as Staphylococcus 
aureus, anaerobic bacteria, or Escherichia coli. Chronic granulomatous 
disease, appendicitis, or immunocompromised state may predispose a 
child to this complication. Amebic infection of the liver caused by 
Entamoeba histolytica and parasite infestation with Echinococcus 
species may also lead to abscess formation in tropical climates. 
Abscesses are treated with appropriate antibiotics and percutaneous 
drainage, only rarely requiring surgical intervention. 

Benign tumors can be of either mesenchymal or epithelial origin. 
Mesenchymal tumors include disorders such as hamartomas, cavern- 
ous hemangiomas, and infantile hemangioendotheliomas in young 
children. These conditions manifest as asymptomatic abdominal 
masses. Hemangiomas, particularly diffuse ones, may be difficult to 
resect and should be managed nonoperatively unless complications 
develop. Hamartomas, which usually manifest in the 1st year of life, 
should be resected. Epithelial lesions include focal nodular hyperplasia, 
hepatic adenoma, and nonparasitic solitary or multiple cysts. 

The initial radiographic evaluation for liver masses should include 
plain abdominal radiography to detect calcifications and the mass 
effect, and ultrasonography to determine the origin, size, and echo- 
genicity of the tumor. In addition, an abdominal CT or MRI scan can 
be obtained to define the exact localization and extent of the tumor 
(Fig. 17.14). MRI is more capable of discerning hamartomatous versus 
malignant lesions than CT scan, especially using EOVIST, a gadolin- 
ium agent preferentially taken up by hepatocytes. Angiography is often 
useful for determining resectability. Chest radiography or CT is used 
to determine the presence of pulmonary metastases. 


Hepatoblastoma 


Hepatoblastoma is the most common primary liver tumor in children 
under 3 years of age affecting 1.5 million/year, and it is twice as 
common in boys as in girls. Premature birth and very low birthweight 
are associated with increased risk. The most common presentation is 
a child with a palpable abdominal mass, occasionally associated with 
anemia, nausea, vomiting, weight loss, or abdominal pain. An unusual 
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FIGURE 17.14 Magnetic resonance image showing a liver hamartoma 
in a 13-month-old boy. Note the excellent visualization of the blood 
vessels. The child presented with abdominal distention, poor appetite, 
and decreased activity. The liver was nontender and was palpated 
15 cm below the costal margin. Operative resection was successful. 


manifestation is precocious puberty resulting from tumor secretion of 
human chorionic gonadotropin. Elevated levels of serum o-fetoprotein 
are seen in about 90% of cases, and this feature is helpful in the post- 
therapy monitoring of disease activity. Ultrasonography, MRI, or CT 
(Fig. 17.15) may be used to image the lesion and assign a PRETEXT 
(PRETreatment EXTent of Disease) stage. Designed by the Interna- 
tional Childhood Liver Tumor Strategy Group (SIOPEL), PRETEXT 
classifies tumors into 4 risk groups based upon the number of contigu- 
ous uninvolved liver segments as well as metastatic, portal venous, or 
systemic venous invasion (Fig. 17.16). The goal is to accurately predict 
resectable lesions and plan for transplantation when appropriate 
without the complications associated with attempted resection in all 
cases, as surgical resection of hepatoblastoma is the mainstay of 
therapy. Biopsy and neoadjuvant chemotherapy are undertaken in 
unresectable lesions, and axial imaging is repeated. Hepatic transplan- 
tation may be undertaken when lesions remain unresectable in the 
absence of metastatic disease. Incompletely resected lesions have a 
poor prognosis. Pretreatment variables associated with survival are the 
extent of the tumor, histologic classification, and the presence of 
metastases. 


Hepatocellular Carcinoma 


Hepatocellular carcinoma, more common in adults, usually occurs in 
an already diseased liver, such as that found after hepatitis B or C virus 
infection, tyrosinemia, galactosemia, biliary atresia, or cirrhosis. It is 
rare in younger children and has a peak incidence between the ages of 
10 and 15 years. The tumor manifests as a painful abdominal mass; in 


FIGURE 17.15 Computed tomogram of a hepatoblastoma in an 
8-month-old girl. The child presented with hepatomegaly, increased 
abdominal girth, weight loss, and lethargy. The voluminous tumor occu- 
pies a large part of the upper abdominal cavity. 


more than 65% of patients, it is unresectable. In these cases and in the 
absence of metastatic disease, liver transplantation should be consid- 
ered. The diagnostic evaluation, staging, and treatment of hepatocel- 
lular carcinoma are similar to those of hepatoblastoma. 


CONGENITAL DILATATION OF THE BILE DUCTS 


Any congenital cystic dilatation of the bile ducts is commonly called 
choledochal cyst. There are several anatomic varieties of this condition, 
and the cause remains unknown. The most common choledochal cyst 
is seen when the common bile duct is grossly dilated (Todani type I, 
Fig. 17.17). However, the size varies, and the child may remain asymp- 
tomatic for many years. About 20% of patients present with the classic 
triad of jaundice, pain, and a right upper quadrant abdominal mass. 
Obstructive jaundice may result from coincident gallstones, manifest- 
ing in pruritus, dark urine, and acholic stools. 

Ultrasonography reveals the location, size, and nature of the cyst. 
If there is any doubt about its origin, magnetic resonance cholangio- 
pancreatography (MRCP) or liver-phase CT scan (Fig. 17.18) may be 
used to outline the biliary tract and help differentiate it from other 
lesions such as duodenal duplication. Treatment consists of resection 
of the cyst and drainage of the hepatic duct into an intestinal segment 
(Fig. 17.19). Incomplete resection of at least the mucosa of the affected 
portion of the biliary tree predisposes the patient to the development 
of cholangiocarcinoma, which is a 20-30% lifetime risk in this 
population. 


INTESTINAL AND PANCREATIC MASSES 


Appendiceal Phlegmon and Abscess 


Either delayed manifestation (walled off by mesentery) or delayed 
diagnosis of acute appendicitis may enable the development of a right 
lower quadrant mass after perforation as the inflamed tissues amal- 
gamate into a phlegmon. Further maturation of this process may lead 
to an abscess. Diagnosis is often facilitated by the history, which can 
differentiate from many other causes of abdominal mass by the recent 
(days to weeks) history of fever associated with abdominal pain and 
nausea. Antibiotic therapy may mask the diagnosis of appendicitis. CT 
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PRETEXT (PRETreatment EXTent of disease) 


PRETEXT 
= Extent of tumor at diagnosis 


POSTTEXT 
= Extent of tumor after 
neoadjuvant chemotherapy 


| ... 3 contiguous sections tumor free 
II ... 2 contiguous sections tumor free 
III ... 1 contiguous section tumor free 
IV ... nO contiguous sections tumor free 


In addition, any group may have: 
V... ingrowth vena cava, all 3 hepatic veins 


P ... ingrowth portal vein, portal bifurcation 
E ... extrahepatic 

C ... caudate 

M... metastasis 


FIGURE 17.16 PRETEXT classification of hepatic tumors. Staging considers number of uninvolved contigu- 
ous liver segments. (From Meyers R, Aronson D, Zimmermann A. Malignant liver tumors. In: Coran A, ed. 
Pediatric Surgery. 7th ed. Philadelphia: Saunders; 2012:463-482.) 


FIGURE 17.17 Todani classification of choledochal cysts. (From Michaelis S, Kalache K. Biliary anomalies. 
In: Copel J, ed. Obstetric Imaging.1st ed. Philadelphia: Saunders; 2012:114-120; redrawn from Callen PW. 
Ultrasonography in Obstetrics and Gynaecology. 5th ed. Philadelphia: Saunders; 2008.) 
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FIGURE 17.18 Manetic resonance cholangiopancreatography demon- 
strating a pediatric Todani type | choledochal cyst (C) and common bile 
duct-pancreatic duct junction (arrow). (From Lim J, Kim K, Choi D. 
Biliary tract and gallbladder. In: Haaga J, Dogra V, Forsting M, et al., 
eds. CT and MAI of the Whole Body. 5th ed. Philadelphia: Mosby; 
2009:1373-1453.) 
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FIGURE 17.19 Operative photograph of a choledochal cyst between 
the gallbladder and the duodenum, displacing both. 


scan is warranted in this circumstance because of the desirability of 
treating an abscess by percutaneous aspiration and antibiotics (Fig. 
17.20). Interval appendectomy in an uninflamed field may be per- 
formed safely 6-8 weeks later. This approach is not appropriate for 
either suspected uncomplicated acute appendicitis or for diffuse 
peritonitis. 


Bezoar 

Children with mental illness or developmental delay occasionally eat 
their own hair (trichotillomania) or other indigestible material (e.g., 
persimmon peel). Ninety percent of these patients are girls, usually in 


FIGURE 17.20 A large appendiceal abscess with a calcified fecalith. 
The abscess was drained percutaneously and treated with antibiotics. 
Interval appendectomy was performed 8 weeks later. 


their teens. A trichobezoar (hair) or a phytobezoar (vegetable matter) 
forms in the stomach and causes partial gastric outlet obstruction. 
Gastric bezoars may massively distend the stomach and extend into the 
small intestine. If hair manages to pass the stomach, it collects in 
the duodenum and causes biliary tract obstruction; if it collects in the 
ileum, it may lead to intestinal obstruction. 

The clinical picture is characterized by poor appetite, vague abdom- 
inal discomfort, and intolerance to solid foods. Physical examination 
reveals loss of hair on the scalp and a movable mass in the epigastrium. 
Abdominal radiographs will show gastric outlet or intestinal obstruc- 
tion. Axial imaging subsequently demonstrates the size and location. 
The bezoar may be removed endoscopically, but operative removal is 
often required. Bacterial counts within a bezoar are high, and operative 
removal is associated with a high rate of postoperative infection. 


Duplications 


Duplications of the gastrointestinal tract occur anywhere from the 
esophagus to the anus and are either cystic or tubular. The more 
common cystic duplications are lined with endothelium and are 
enclosed in a muscular wall common with the adjacent intestinal 
segment. Tubular duplications are located on the mesenteric side 
of the bowel and are either blind or in communication with the 
bowel. The lining is usually that of the adjacent intestine but may 
be heterotopic, such as gastric mucosa in a duplication of the 
small bowel. 

Duplications are often detected prenatally. When discovered, they 
should be resected after birth as volvulus has been seen as early as 2 
postnatal weeks. In older children, the manifestations depend on the 
size and location of the malformation. Many intra-abdominal duplica- 
tions manifest as an asymptomatic, palpable mass but may also cause 
pain, intestinal obstruction, hemorrhage, or volvulus. Ultrasonography 
differentiates the cystic nature of duplications from solid tumors and 
also demonstrates the intimate association between the duplication 
and the bowel wall. Treatment consists of resection of the duplication 
alone or, more commonly, along with the part of the gut from which 
the duplication arose, depending on the anatomic location and amount 
of shared wall and blood supply (Fig. 17.21). 


Neoplasms of the Gastrointestinal Tract 


Neoplasms of the gastrointestinal tract of children are rare. The 
symptoms are often nonspecific, and diagnosis tends to be delayed. 
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FIGURE 17.21 Operative photograph of the e appearance of an 
intestinal duplication. 
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A gastric teratoma may appear as an epigastric mass, while gastric 
leiomyosarcomas or leiomyomas manifest with bleeding. Non- 
Hodgkin lymphoma is the most common malignant tumor of the 
small intestine and may act as a lead point for intussusception. Other 
malignant tumors of the small intestine include leiomyosarcoma, 
angiosarcoma, and carcinoid tumor. These conditions also occur in 
the large intestine. Carcinoid tumors are most commonly found in the 
appendix, where they can cause obstruction and lead to appendicitis. 
The colon is the most common site for the rare adenocarcinoma 
of the gastrointestinal tract in children. Colon adenocarcinoma in 
children is usually nonsyndromic, mucinous in nature (80%), and 
often at an advanced stage upon discovery. Benign neoplasms of 
the small and large intestine include hemangiomas, lymphangiomas, 
leiomyomas, and polyps. Malignant neoplasms and most benign neo- 
plasms should be resected. 


Mesenteric, Omental, and Retroperitoneal Cysts 


Benign cysts located in the omentum or mesentery can be simple or 
multilocular, and contain clear serous fluid. They arise from a devel- 
opmental abnormality of the lymphatic system that results in lym- 
phatic obstruction. Most of these cysts are diagnosed during the 1st 5 
years of life. They may be asymptomatic for years or manifest with a 
distended abdomen, abdominal mass, intestinal obstruction, volvulus, 
or abdominal pain. The abdomen is usually nontender with a mobile 
mass. In contrast to ascites, the flanks do not bulge when a child with 
an abdominal cyst is in the supine position. 

A plain abdominal radiograph shows intestinal gas displaced 
forward in the case of a mesenteric cyst and backward in the case of 
an omental cyst. Small amounts of calcification may be seen in the wall 
of the cyst. Ultrasonography, MRI, or CT further elucidates the nature, 
size, and location of the cyst (Fig. 17.22). An ovarian, pancreatic, or 
choledochal cyst or an intestinal duplication may be difficult to dif- 
ferentiate from a mesenteric or omental cyst. Cerebrospinal fluid from 
a ventriculoperitoneal shunt or lumbar drain fails to be resorbed 
because of scarring of the peritoneum, leading to a “CSFoma” (Fig. 
17.23), which also may be mistaken for a mesenteric or omental cyst. 
Treatment of these lesions consists of surgical marsupialization or 
extirpation, occasionally requiring segmental small bowel resection. 
Retroperitoneal lymphatic malformations are amenable to percutane- 
ous sclerotherapy with good results. 
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FIGURE 17.22 Computed tomographic scan of the abdomen in an 
11-year-old boy, showing a mesenteric cyst in the transverse 
mesocolon. 
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FIGURE 17.23 A large fluid collection associated with a ventriculoperi- 
toneal shunt (“CSFoma”). 


Pancreatic Pseudocyst and Neoplasms 


Pancreatic tumors are rare in children and are cystic or solid, benign 
or malignant. Young children and infants may have pancreaticoblas- 
toma. Functional neoplasms arise from the islet cells, and the clinical 
manifestation is not of an abdominal mass but rather is characterized 
by the effects of the endocrine substances secreted by the tumor (e.g., 
hypoglycemia caused by insulinoma). Tumors arising from the acinar 
or ductal parts of the pancreas are nonfunctional and usually manifest 
as an abdominal mass. They may be benign (cystadenoma) or malig- 
nant (adenocarcinoma). Embryonic pluripotent cells may give rise to 
solid pseudopapillary tumors, accounting for less than 5% of all pedi- 
atric pancreatic masses. Metastases are common in pancreatic neo- 
plasms given the frequent delay in diagnosis. Diagnosis is aided by 
ultrasonography, endoscopy, CT or MRI and, in cases of suspected 
endocrine tumors, by measurements of active hormones. Both benign 
and malignant tumors should be surgically resected. A 35 year review 


ery 
win 


` 
T - teen 
x= . Poe ae i "frt: Y aA ye. re t 
PEFFE Ce Ret iaat Seek 


FIGURE 17.24 Torsion of an ovarian teratoma in a 5-year-old girl. The 
child presented with acute abdominal pain and a movable mass. A 
preoperative radiograph showed calcified material in the mass. 


of malignant non-MEN pancreatic tumors in children at one center 
revealed only 17 cases. Eighty percent of patients were alive at follow- 
up, significantly better than adult counterpart data. 

A pancreatic pseudocyst lacks epithelial lining and is the result of 
pancreatitis or pancreatic blunt trauma. Often, there is a symptom-free 
interval of several weeks or months between the trauma and the 
appearance of symptoms. The cause of pancreatic pseudocyst in the 
absence of trauma should prompt investigation of causes of recurrent 
pancreatitis including pancreas divisum and mutations in PRSS1 and 
SPINK1 genes, allowing inappropriate release of pancreatic trypsin. 
Typical signs and symptoms are nausea, abdominal pain, and an epi- 
gastric mass. Ultrasonography and axial imaging locate the cyst and 
identify any displacement of the bowel. The cysts usually resolve spon- 
taneously; however, if they do not, they should be drained percutane- 
ously or into the gastrointestinal tract. 


OVARIAN TUMORS 


Ovarian tumors in children are uncommon, with an incidence of 
about 25 in 100,000 children’s hospital admissions. They must be 
considered in any girl with lower abdominal pain, an abdominal mass, 
or precocious puberty. They manifest at any age from birth to adult- 
hood but occur slightly more frequently in children at an average of 
13 years of age. The risk of malignancy increases with age. Cystic 
tumors are more common than solid tumors, and the majority of 
masses are benign. An ovarian lesion may also be the presenting 
manifestation of other metastatic diseases, such as neuroblastoma or 
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TABLE 17.7 Red Flags 


1. Lower Abdominal Mass in Girls 

May be an indication of pregnancy, imperforate hymen, torsion of ovarian 
tumor, tuboovarian abscess 

2. Appendiceal Abscess 

Can often appear as a small bowel obstruction in younger children, in whom 
the diagnosis is often missed 

3. Nonmobile Mass 

Is suggestive of malignancy 

4. Skeletal Pain or Pathologic Fracture 

Is suggestive of metastatic disease (neuroblastoma) or lymphoma 

5. Sudden Increase in Size of Clothing 

May represent a mass or ascites 

6. Left-Sided Varicocele 

May be a consequence of a left-sided Wilms tumor 

7. Systemic Signs of Weight Loss, Fever, Night Sweats, 

Anorexia, Petechiae, Anemia 

should trigger concern for malignancy, inflammatory bowel disease, or 
atypical infections 


rhabdomyosarcoma. Malignant gonadal tumors (dysgerminoma, 
gonadoblastoma) may be seen in girls with gonadal dysgenesis and 
boys with cryptorchidism. Other causes of lower abdominal mass in 
a girl include pregnancy and imperforate hymen, which leads to 
hydrocolpos or hydrometrocolpos. 

Diagnosis is made by ultrasonography, which provides information 
on the size, consistency, location, perfusion, and wall characteristics of 
the tumor. Abdominal radiography may reveal calcifications. CT can 
locate local or distant metastases. Endocrinopathies are present in 
5-10% of children with ovarian tumors, so consideration of the ante- 
rior pituitary—adrenal—gonadal axis is warranted. Levels of tumor 
markers, such as o.-fetoprotein, B-human chorionic gonadotropin (B- 
hCG), CA-125, and inhibin A should be considered, especially in older 
children with masses >8 cm, inappropriate virilization, or other con- 
cerns for operative findings consistent with epithelial cancer. 

A simple cyst may appear in a neonate as a mobile abdominal 
mass or may even be detected incidentally by ultrasonography. Small 
cysts (generally <6 cm) can be monitored with ultrasonography and 
should spontaneously disappear. Larger cysts should be excised, 
because they can undergo torsion. The symptoms of ovarian torsion 
in an older child simulate those of appendicitis or ectopic pregnancy 
(Fig. 17.24). 

All other tumors of the ovaries should be excised, whether benign 
(cystic teratoma, cystic adenoma, granulosa cell tumor) or malignant 
(endodermal sinus tumor, yolk sac tumor, embryonal carcinoma, 
malignant teratoma, adenocarcinoma, dysgerminoma, choriocarci- 
noma). Great care should be taken to spare as much of the adnexa as 
possible to preserve future fertility. Depending on the histologic 
appearance and stage, most malignant lesions should be treated post- 
operatively with chemotherapy. Survival depends on the nature of the 
lesion; however, with the exception of highly malignant tumors such 
as endodermal sinus tumors and embryonal carcinoma, the prognosis 
is good. 
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Although the discovery of an abdominal mass in a child is of great 
concern, the prognoses of most congenital masses are excellent. Sple- 
nomegaly is often a manifestation of acute and benign common viral 
infections in children. Red flags for splenomegaly include chronicity, a 
positive family or travel history, pancytopenia, and signs of disease in 
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addition to splenomegaly (weight loss, pallor, jaundice, fever, malaise, 
petechiae). Additional red flags for abdominal masses are listed in 
Table 17.7. With modern diagnostic techniques and advanced multi- 
modal therapy, the prognoses for malignant tumors continue to 
improve. 
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SECTION 4 Genitourinary Disorders 


Dysurla 


Paula Cody 


Dysuria is defined as painful urination and can be related to uncom- 
fortable contraction of the muscles of the bladder or when urine comes 
into contact with the inflamed genitourinary mucosa. The differential 
diagnoses for a patient presenting with dysuria are extensive (Table 
18.1) and can be due to infectious or noninfectious causes. The cause 
of dysuria varies based on age of the child or adolescent; therefore, 
specific elements of the patient history, potential causes, and diagnostic 
evaluation will vary with age. With every patient, the provider must 
elicit a history of signs and symptoms outside the genitourinary tract, 
including fever, weight loss, generalized rash, involvement of other 
mucosa, and joint pain or swelling. Physical examination for every 
patient should include temperature, blood pressure, inspection of the 
genitalia for skin lesions or discharge, abdominal palpation, pelvic 
examination when indicated, and neurologic examination in children 
with voiding dysfunction to exclude spinal cord pathology. 


NEONATES 


Neonates and infants cannot complain of dysuria; however urinary 
tract infections (UTIs) are prevalent in this age group and a major 
source of morbidity. In this age group, it is difficult to distinguish 
between upper UTI (pyelonephritis) and lower UTI (cystitis) based on 
signs and symptoms alone. Unlike UTIs in older children, neonatal 
UTIs are more common in male neonates compared to females. In 
neonates, UTIs are associated with bacteremia and/or congenital 
abnormalities of the kidney and urinary tract. In term infants, infec- 
tions tend to be community acquired and present in the 2nd to 3rd 
week after birth. UTIs can be caused by either hematogenous spread 
or an ascending infection. In preterm infants, infections are more likely 
to be hospital acquired. 

The symptoms suggestive of a UTI in the neonate are the same as 
those for suspected sepsis; therefore, major presenting symptoms 
include fever, poor feeding, weight loss, lethargy, and vomiting (see 
Chapter 39). Neonates may also present with jaundice or abdominal 
distention. A maternal urinary infection at or near term may increase 
the risk for neonatal pyelonephritis. A mother whose vaginal culture 
is positive for group B streptococci or who presents with fever, pro- 
longed rupture of the amniotic membranes (>18 hours), uterine ten- 
derness, or preterm labor is at an increased risk for delivering a 
premature baby with pyelonephritis as part of the neonatal sepsis 
syndrome. Family history is also important. There is a high genetic 
component to the presence of vesicoureteral reflux (VUR); the sib- 
lings of children with known VUR also have a significant risk of reflux, 
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with or without infection. Children with a UTI and VUR are at 
increased risk of pyelonephritis and renal scarring. However, the 
screening for VUR in an asymptomatic sibling of an index case of VUR 
is controversial; a voiding cystourethrogram (VCUG) is recommended 
if there is evidence of renal scarring on ultrasound or if there is a 
history of UTI in the sibling who has not been tested. Given that the 
value of identifying and treating VUR is unproven in the absence of a 
UTI, an observational approach without screening for VUR may be 
taken for siblings of children with VUR, with the prompt treatment of 
any acute UTI and subsequent evaluation for VUR. 

Physical examination of a neonate suspected of having a UTI 
should include the palpation of the abdomen to identify obstructive 
lesions or cystic kidneys. Urine culture should be obtained by supra- 
pubic or bladder catheterization, as sterile bag collection has a high 
rate of contamination with perineal flora. Because of the associated 
risk of bacteremia, blood cultures and cerebrospinal fluid (CSF) cul- 
tures should be obtained in all neonates in whom UTI is suspected. 
Initial empirical therapy should be initiated after collection of urine, 
blood, and CSF cultures. The empirical therapy should provide broad 
coverage against probable uropathogens, and is initially administered 
parenterally, as the risk of urosepsis is higher in neonates than in other 
age groups. Common empirical therapy includes ampicillin in addi- 
tion to either gentamicin or a 3rd-generation cephalosporin. Therapy 
is then tailored according to the specific uropathogen identified on 
culture and the antimicrobial sensitivity. 

Ultrasound is the first-line imaging method in neonates after the 
first UTI. The main purpose of diagnostic imaging is the detection of 
risk factors, such as anomalies of the kidney and urinary tract or vesi- 
coureteral reflux, as well as any renal damage acquired from the infec- 
tion. Clinical practice guidelines from the American Academy of 
Pediatrics do not recommend DMSA (dimercaptosuccinic acid) scans 
as part of routine evaluation of infants with their first febrile UTI 
because the findings rarely affect acute clinical management. 


CHILDREN 2-24 MONTHS OF AGE 


Like neonates, children 2-24 months of age cannot report dysuria. 
Nonetheless, urinary tract infections (UTIs) are common (see Chapter 
39). The main risk factor for febrile infant males is whether or not they 
are circumcised; other individual risk factors for UTI in males include 
nonblack race, temperature >39°C, fever for at least 24 hours, and 
absence of another source of infection. Individual risk factors for 
UTI in infant females include white race, age less than 12 months, 


TABLE 18.1 


Infectious causes 


Urinary tract 
abnormalities 
(congenital and 
acquired) 


Genital tract 
abnormalities 


Medications and 
irritants 


Causes of Dysuria 


Urinary tract infection (cystitis, pyelonephritis) 
Urethritis 

Herpes simplex virus infections 
Varicella infections 

Epstein-Barr virus infections 
Hemorrhagic cystitis (adenovirus) 
Prostatitis 

Vaginitis* 

Renal tuberculosis 

Urinary schistosomiasis 

Sexually transmitted infections 


Urinary calculi 

Urethral stricture 

Meatal stenosis 

Prostate enlargement 
Malignancy 

Urethral diverticulum 
Bladder diverticulum 
Idiopathic hypercalciuria 
Bladder outlet obstruction 
Urethral prolapse 


Sexually transmitted infections 
Vaginitis 

Prostatitis 

Endometritis 

Endometriosis 

Labial adhesions 

Phimosis 

Paraphimosis 

Balanitis 

Foreign body 


Primary irritant dermatitis 

Chemical irritants (soaps, detergents, bubble baths, 
feminine hygiene products, spermicides) 

NSAIDs 

Anticholinergics (amitriptyline, imipramine, and 
antihistamines) 

Anti-infectives (isoniazid, sulfonamides) 

Chemotherapy-related hemorrhagic cystitis 
(cyclophosphamide) 

[rauma 


Stevens-Johnson syndrome/toxic epidermal necrolysis 


Behçet syndrome 

Inflammatory bowel disease 

Toxic shock syndrome 

Reactive arthritis (in conjunction with urethritis, 
conjunctivitis) 

Neurologic conditions that impact bladder emptying 

Pinworms 

Lichen sclerosus 


Appendicitis (if inflamed appendix or periappendiceal 


abscess lies low in iliac fossa) 
Tumor (bladder, kidney, uterus, vagina) 
Foreign body (urethral, vaginal) 
Perianal group A streptococcus 
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TABLE 18.2 Sensitivity and Specificity 
of Components of Urinalysis, Alone and 
in Combination 


Sensitivity 
Test (Range) (%) 
LE test 83 (67-94) 
Nitrite test 53 (15-82) 
LE or nitrite positive 93 (90-100) 
Microscopy (WBCs) 73 (32-100) 
Microscopy (bacteria) 81 (16-99) 
99.8 (99-100) 


Specificity 
(Range) (%) 
78 (64-92) 
98 (90-100) 
72 (58-91) 

81 (45-98) 
83 (11-100) 
LE, nitrite, or microscopy 70 (60-92) 

positive 


LE, leukocyte esterase; WBC, white blood cell. 

Modified from Subcommittee on Urinary Tract Infection, Steering 
Committee on Quality Improvement and Management: Clinical 
practice guideline. Urinary tract infection: clinical practice guideline for 
the diagnosis and management of the initial UTI in febrile infants and 
children 2 to 24 months. Pediatrics. 2011;128:595-610. 


temperature of at least 39°C, fever for at least 2 days, and absence of 
another source of infection. 

The method of collecting urine for testing is dependent on the risk 
factors of the child. Culture of a urine specimen from a sterile bag 
attached to the perineal area has a high false-positive rate; this method 
of urine collection is not suitable for diagnosing UTI. However, a 
culture of a urine specimen from a sterile bag that shows no growth is 
strong evidence that UTI is absent; if growth of a single uropathogen 
is present, it may represent a UTI. Nonetheless, a clinical practice 
guideline from the American Academy of Pediatrics outlines several 
recommendations in testing and treatment of UTIs in febrile infants: 
e Ifa febrile infant with no apparent source for fever requires anti- 

bacterial therapy, a urine specimen should be obtained via supra- 

pubic aspiration or catheterization for both culture and urinalysis 

(UA) prior to the initiation of antibacterials. 

° If the clinician determines that the patient is at low risk for having 

a UTI, clinical monitoring without urine testing is acceptable. 

° If the febrile infant is not in the low-risk category: 

° Clinician should obtain urine sample for UA and culture 

through catheterization or suprapubic aspiration. 

° Or clinician can obtain clean-void bagged urine sample. If UA 
results suggest UTI (Table 18.2), then an additional urine speci- 
men for culture should be obtained via catheterization or supra- 
pubic aspiration. 

Diagnosing a UTI in young children requires both a positive UA 
(for white cells and/or bacteria) and >50,000 CFU/mL of a single 
urinary pathogen on urine culture from a suprapubic or catheterized 
urine specimen. The usual choices for empirical antibacterial therapy 
include a 3rd-generation cephalosporin, amoxicillin plus clavulanic 
acid, or trimethoprim-sulfamethoxazole. The clinician should base 
choice of antibacterial on local antimicrobial sensitivity patterns if 
available and should adjust according to sensitivity results of the iso- 
lated uropathogen. Most infants can be treated orally. 

The rationale for imaging infants with UTI is to identify abnormali- 
ties of the genitourinary tract. Renal ultrasound is the first-line imaging 
modality to identify anatomic abnormalities. Voiding cystourethro- 


gram (VCUG) to detect vesicoureteral reflux (VUR) should not be 
performed after the first febrile UTI. It is indicated if the ultrasound 
reveals hydronephrosis, renal scarring, or other findings that suggest 
high-grade VUR or obstructive uropathy. 


*Vaginitis; chemical, nonspecific bacterial, Candida albicans, 
Trichomonas vaginalis, herpes simplex, gonorrhea, group A 
streptococcus, gram-negative organisms. 

NSAIDs, nonsteroidal antiinflammatory drugs. 
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PRESCHOOL CHILDREN 


A young child may or may not be able to verbalize dysuria; however, 
they may show signs of urethral irritation including delayed toilet 
training (especially during the day), secondary enuresis, dribbling, and 
frequent squatting. Due to the large variability in the time of achieve- 
ment of daytime dryness (15 months-4 years), delayed toilet training 
may be an unreliable sign of dysuria; however, primary diurnal enure- 
sis should be evaluated if the child is older than 48 months of age. 
Nocturnal enuresis is rarely a sign of UTI, but urine cultures should 
probably be obtained in children who do not stay dry at night by 5 
years of age. A more significant symptom in young children is the acute 
onset of daytime enuresis after a period of continence. 

UTIs are the most common cause of dysuria in preschool children. 
It may be difficult to distinguish between pyelonephritis and cystitis in 
these young children. Both urine and stool withholding have a role in 
causing UTIs in young children. Constipation is associated with large 
residual urine volumes after voiding, thus the treatment of constipa- 
tion leads to a reduction in UTIs. Females are at increased risk of UTI 
due to the ease at which pathogens can migrate from the gastro- 
intestinal tract to the periurethral area and urethra, and ultimately 
ascend to the bladder. Improper toileting habits can further increase 
the risk of UTI. Uncircumcised males, patients with neurogenic blad- 
ders (spina bifida), patients with indwelling catheters, and patients 
with renal or bladder anomalies (e.g., cysts, obstructed hydronephrosis, 
double collecting systems, ectopic ureter, horseshoe kidney, posterior 
urethral valves, VUR) are at increased risk for UTI. 

Children who are toilet-trained can give a clean-void urine sample. 
Those that are not toilet-trained can give a urine specimen from a 
sterile bag attached to the perineal area, although this has a high false- 
positive rate. 

Preschool children may also have irritant urethritis. 


SCHOOL-AGED/PREPUBERTAL CHILDREN 


Dysuria in school-aged children can be due to infectious and noninfec- 
tious causes (Table 18.1). Most children with a UTI present with 
dysuria, frequency, or fever. It is worthwhile to ask about any urine 
color change, which suggests the presence of hematuria. The child 
should be questioned about the frequency, character, and size of his or 
her bowel movements. Constipation may predispose the school-aged 
child to a UTI; stool softeners, such as mineral oil or fiber, may be 
indicated. Pyelonephritis can be clinically distinguished from cystitis 
by presence of systemic features (fever, vomiting) and signs (flank pain, 
costovertebral angle tenderness). 

A careful inspection of the genitalia is important in the diagnosis 
of the cause of dysuria. Boys may have nonspecific bacterial infec- 
tion of the glans penis (balanitis); uncircumcised boys can have 
infection of both the glans and the prepuce (balanoposthitis). Both 
of these are usually accompanied by painful swelling and inflam- 
mation. Irritants can cause a nonspecific urethritis in males, with 
dysuria being the main symptom. 

Prepubertal females can have dysuria as the presenting symptom 
of vaginitis, along with other symptoms including vaginal discharge. 
In prepubertal females, the vulvar mucosa is thin and susceptible to 
inflammation from chemicals and mechanical irritation. Because the 
labia are not well developed, the vulvar mucosa is not anatomically 
shielded and is thus vulnerable to irritation. Vaginitis in prepubertal 
females can be nonspecific, due to irritants (soaps, detergents) or may 
be due to the presence of a foreign body (‘Table 18.3). Whereas vulvo- 
vaginal candidiasis is common in postpubertal females, the vaginal 
environment in prepubertal females is not typically conducive to 


TABLE 18.3 Causes of Noninfectious 
Vulvovaginitis and Dysuria 


Condition Historical Cues 


Poor hygiene Infrequent bathing, hand washing, and clothing 


changes, soiled underwear, toilet independence 


Poor perineal aeration Tight clothing, nylon underwear, tights, leotards; 


wet bathing suits, hot tubs, obesity 


Frictional trauma Tight clothing, sports, sand from sandbox or 
beach, obesity, excessive masturbation or 


sexual abuse 


Chemical irritants Bubble baths, harsh or perfumed soaps or 
detergents, powders, perfumed and/or dyed 
toilet paper, ammonia, perfumed and/or dyed 
Sanitary products; douches and feminine 


hygiene products 
Contact dermatitis Topical creams or ointments 


Vaginal foreign 
bodies 


Wiping habits, excessive masturbation or 
self-exploration, sexual abuse 

Parasites, insect 
bites, infestations 


Home environment, pets, sandboxes, travel, 


camping, exposure to woods or beach 

Medications Topical steroid or hormone creams, antibiotics, 
chemotherapy 

Generalized 


skin disorders 


History of pruritus, chronic skin lesions, prior 
diagnosis 

Anatomic anomalies Vesicovaginal or rectovaginal fistula, ectopic 
ureter, spina bifida, cloacal anomalies, 


urogenital anomalies 


Neoplasms Discharge, bleeding, bulging abdomen, change in 


bowel or bladder function, premature puberty 


systemic illness 
(Stevens-Johnson 
syndrome, Crohn 
disease, toxic shock 
syndrome) 


Tampon use, systemic evidence of inflammatory 
bowel disease including rash, oral ulcers, failure 
to gain weight or height, abdominal pain 


Moditied from Succato GS, Murray PJ. Pediatric and adolescent 
gynecology. In: Zitelli BU, Davis HW. Atlas of Pediatric Physical Diagnosis. 
5th ed. Philadelphia: Mosby Elsevier; 2007 p. 693-730. 


Candida species growth, unless she has an immunodeficiency or recent 
antibacterial use. In the majority of cases, vulvovaginitis in prepubertal 
females is a mixed, nonspecific bacterial infection secondary to con- 
tamination by urine and feces. The responsible bacteria are usually 
normal flora (Table 18.4). Bloody vaginal discharge in young females 
may be caused by Shigella species or group A streptococcal infections, 
a foreign body (e.g., toilet paper), neoplasm (such as rhabdomyosar- 
coma), or trauma. Most cases of prepubertal nonspecific vaginitis can 
be managed with hygiene; some vulvovaginitis may require a course of 
antibacterial agents or topical estrogen vaginal cream (Table 18.5). 

Several vulvar skin disorders can be confused with vulvovaginitis 
and present with dysuria due to contact of urine with inflamed mucosa. 
Lichen sclerosus manifests as white patches on the glabrous skin that 
are thinned and atrophic and are easily traumatized with resultant 
bullae (which may be blood-filled) in the vulvar region. Seborrheic 
dermatitis may manifest with inflammation and secondary infection 
of the intertriginous areas; the face and scalp may be involved as well. 
Labial or vulvar agglutination may be noted and can be secondary to 
previous vulvovaginitis of unestrogenized epithelia. 


TABLE 18.4 Normal Vaginal Flora 


e Aerobic 
e Gram-positive rods 
e Diptheroids 
e Lactobacilli 
e Gram-positive cocci 
e Staphylococcus aureus 
e Staphylococcus epidermidis 
e Streptococcus species 
e° -Hemolytic 
e -Hemolytic 
e Nonhemolytic 
e Group D 
e Gram-negative rods 
Escherichia coli 
Klebsiella and Enterobacter species 
Proteus species 
Pseudomonas species 
e Anaerobic species 
e Bacteroides species 
e Clostridium species 
e Fubacterium species 
e Fusobacterium species 


Moditied from Larsen B, Monif GRG. Understanding the bacterial 
flora of the female genital tract. Clin Infect Dis. 2001;32(4):e69-e77. 


TABLE 18.5 Treatment of Nonspecific 
Vulvovaginitis in Young Females 


Toilet Hygiene 
e Urinate with knees apart 
e Wipe in an anterior-to-posterior direction with supervision 
e Scent- and dye-free wipes may be useful 
Clothing 
e Choose white cotton underpants, may need to change underpants 
midday if urinary dribbling 
e Wear loose-fitting clothing 
e Change out of wet swimsuits immediately 
Bathing 
Take sitz baths in clear water up to four times a day 
Wash gently with unperfumed soap 
Do not use bubble bath or wash hair in bath 
Rinse perineum with clear water, dry gently with towel 
Management of Inflammation and Pruritus 
e Premarin vaginal cream topically twice daily for 10-14 days 
e Hydroxyzine, 0.5 mg/kg/dose orally 4 times daily as needed 
e Diphenhydramine, 1.25 mg/kg/dose orally 4 times daily as needed 


Urethritis caused by herpes simplex virus may occur in both males 
and females of this age group from autoinoculation from herpes sto- 
matitis; however, presence of genital ulcers should always elicit ques- 
tioning about sexual activity and/or assault. 

Other etiologic factors that may lead to urethritis and resultant 
dysuria include infection (fungi, pinworms, scabies), irritation (soap, 
shampoo, detergent, bubble bath), systemic illness (Stevens-Johnson 
syndrome), and trauma (abuse, play, tight clothing, masturbation). 
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TABLE 18.6 Approach to Clinical 
Evaluation of Sexually Transmitted 
Infections: Sexual History 


Age at coitarche 

Gender of partners 

Date of most recent sexual encounter 

Duration of relationship with current partner 

Numbers of current, recent (within past 3-6 mo), and lifetime partners 

Condom usage (overall consistency) 

Contraceptive usage 

Vaginal intercourse 

Oral intercourse 

Anal intercourse 

Dyspareunia 

Involuntary sexual encounters (abuse, rape) 

Partner's sexually transmitted infection symptoms and relevant sexual 
history (i.e., other sex partners) 


ADOLESCENTS 


There are many causes for dysuria in an adolescent. A detailed sexual 
history is mandatory (Table 18.6). Greater than 46% of high school 
students have engaged in sexual intercourse, with an increase to 64% 
among 12th graders. Over 5% initiated sexual intercourse before 13 
years of age, and 34% had a sexual encounter within the previous 3 
months. Adolescents are likely to have multiple sexual partners over 
relatively short periods of time, fail to recognize the symptoms of sexu- 
ally transmitted infections (STIs), and use condoms inconsistently. It 
is critical that the provider perform a thorough history in a nonjudg- 
mental and nonthreatening manner. Interviewing the adolescent in the 
room alone (i.e., without a parent present) for at least a portion of the 
visit is the standard of care for all adolescent health care visits. The 
terms of a confidential visit should be explained to the adolescent and 
parent; all information disclosed by the adolescent remains confiden- 
tial unless he or she reveals a risk of rendering harm to himself or 
herself or others, such as with suicidal or homicidal ideation. Ques- 
tions about victimization and abuse are part of the sexual history, 
regardless of age or gender. 

Urinary tract infections (UTIs) are much more common in ado- 
lescent females than adolescent males. Risk factors for recurrent UTIs 
in females include frequency of sexual intercourse (higher frequency 
leads to higher risk), maternal history of recurrent UTI, a new sexual 
partner in the past year, and spermicide use in the past year. Common 
pathogens in this age group include Escherichia coli, Proteus species, 
Klebsiella species, Staphylococcus saprophyticus, and enterococcus. 
Although often recommended by clinicians, no evidence supports the 
thought that postcoital urination leads to a reduction in the frequency 
of UTIs. 

One of the most common causes of dysuria in adolescent males 
and females is sexually transmitted infections (STIs). Adolescents 
represent an age group at high risk for acquisition and transmission 
of STIs. Although many STIs are asymptomatic and are diagnosed by 
screening asymptomatic sexually active individuals, STIs can present 
with dysuria, vaginal discharge, penile discharge, and genital lesions 
(Table 18.7). The most likely time for this to happen is within 1 month 
of beginning a relationship with a new sexual partner. 

Chlamydial genital infection is the most frequently reported bacte- 
rial STI. Infections with Chlamydia trachomatis may be asymptomatic 
or may present with dysuria, discharge, intermenstrual bleeding, or 
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TABLE 18.7 Diagnostic Characteristics of Genital Lesions 


Number of 
Lesions 


Multiple 


Syndrome Appearance 
Vesicles and superficial ulcers on 


erythematous base (1-2 mm) 


Herpes 


Papule and superficial or deep single 


ulcer (5-15 mm) 


syphilis 


Lymphogranuloma Ulcer (2-10 mm), resolves quickly Single 


venereum 
Human Single or multiple 


papillomavirus 


Anogenital exophytic warts; may 
resemble cauliflower or be 
papular with projections 


Tiny (<1 mm) insects or eggs 
adherent to hair shaft; 
excoriations 


Lice or nits Multiple 


Chancroid Deep, purulent ulcers (2-20 mm) Multiple 


dyspareunia. C. trachomatis has also been associated with Fitz-High— 
Curtis syndrome (perihepatitis) and reactive arthritis. C. trachomatis 
infection may lead to pelvic inflammatory disease (PID), ectopic preg- 
nancy, and infertility. C. trachomatis urogenital infection can be 
detected in women by testing urine or collecting swab specimens from 
the endocervix or vagina; in men, the diagnosis can be made through 
urine or urethral swab. Nucleic acid amplification tests (NAATs) are 
the most sensitive methods for detecting C. trachomatis. Treatment of 
infection improves symptoms, decreases the risk of sequelae, and pre- 
vents sexual transmission of the disease (Table 18.8). 

Gonorrhea, caused by Netsseria gonorrhoeae, is the second most 
frequently reported bacterial STI. Infections with N. gonorrhoeae may 
be asymptomatic or may present with dysuria, discharge, intermen- 
strual bleeding, or dyspareunia. N. gonorrhoeae infection may lead to 
pelvic inflammatory disease (PID); late complications include ectopic 
pregnancy, and infertility. N. gonorrhoeae urogenital infection can be 
detected in women by testing urine or collecting swab specimens from 
the endocervix or vagina; in men, the diagnosis can be made through 
urine or urethral swab. Nucleic acid amplification tests (NAATs) are 
the most sensitive methods for detecting N. gonorrhoeae. Treatment of 
infection improves symptoms, decreases risk of sequelae, and prevents 
sexual transmission of the disease (Table 18.8). Treatment of gonor- 
rhea is complicated by the ability of N. gonorrhoeae to develop resis- 
tance to antibacterials. 

Trichomoniasis, caused by Trichomonas vaginalis, may be asymp- 
tomatic or may present with dysuria, frothy yellow-green vaginal 
discharge, genital pruritus, or intermenstrual bleeding. Diagnosis of 
T. vaginalis is usually assessed by microscopy of vaginal or urethral 
secretions; however, there are more sensitive methods of detection, 
including a specific culture, a nucleic acid probe, and an immuno- 
chromatographic capillary flow dipstick. See Table 18.8 for treatment 
recommendations. 

Primary herpes simplex virus (HSV) infection can cause genital 
ulcers and dysuria, as well as other conditions, including nongenital 
lesions, cervicitis, urethritis, cystitis, proctitis, and pharyngitis. Sys- 
temic complications, such as hepatitis, pneumonia, thrombocytopenia, 
and monoarticular arthritis may occur. HSV-infected patients can 
present with a primary infection, which can be asymptomatic; a first 
clinical episode, which may not necessarily occur during the primary 
infection; or a recurrent episode. Usually, the first clinical episodes are 
more painful and prolonged than are subsequent ones. Recurrent 


Occurrence in 
the United States 


Frequent 


Adenopathy 


Bilateral; inguinal; firm; 
movable; tender 


Bilateral; inguinal; firm; Uncommon 


movable; nontender 


Unilateral; inguinal; fluctuant; Uncommon 


may suppurate; tender 


None Frequent 


No but pruritic None Common 


Unilateral; inguinal; fluctuant; 
may suppurate; tender 


episodes occur less frequently with a genital HSV-1 infection and with 
intervals between episodes becoming longer, as compared to HSV-2. 
Treatment for initial and recurrent outbreaks of HSV is listed in 
Table 18.8. 

Vaginitis due to various causes can cause dysuria in adolescent 
females. Vulvovaginal candidiasis, bacterial vaginosis, and trichomo- 
niasis are common causes of vulvovaginitis in adolescents. Other 
causes are local chemical or allergic irritants, bacterial infections 
caused by Streptococcus or Staphylococcus species, trauma, and second- 
ary infections from foreign bodies. Rare causes of vaginitis and subse- 
quent dysuria include ulcerating conditions of the mucous membranes, 
such as toxic shock syndrome and Stevens-Johnson syndrome. Other 
noninfectious causes of genital ulcers that can be confused with infec- 
tion include inflammatory bowel disease and Behcet syndrome. 
Inflammatory bowel disease usually manifests with intestinal symp- 
toms, deeper ulcers, and a longer duration of ulcerative lesions. Behçet 
syndrome may manifest with lesions of other mucous membranes as 
well as ocular, central nervous system, and joint manifestations. If the 
clinical diagnosis is not definitive, viral culture of the lesions is 
recommended. 

Males with dysuria may also have penile pain or dysuria as a result 
of phimosis, paraphimosis, balanitis, urethral trauma, epididymitis, or 
meatal stenosis. Phimosis is a scarring or narrowing of the preputial 
opening and manifests as failure to retract the foreskin. The foreskin 
is normally difficult to retract in neonates, but by 3 years of age, it is 
easily retracted. Paraphimosis, an emergent cause of dysuria and 
penile pain, is an incarceration of the prepuce behind the glans. Edema, 
pain, and swelling are present. Balanitis is an infection of the prepuce 
caused by Streptococcus species, Candida species, mixed flora, or 
Trichomonas species; it may be recurrent and warrants circumcision. 

Evaluation for dysuria in the adolescent female should include a 
clean catch (midstream) urine for dipstick, microscopic exam, and 
culture. The presence of leukocytes on urinalysis may indicate vaginitis 
due to sexually transmitted infections (N. gonorrhoeae, C. trachomatis, 
herpes, T. vaginalis). To check for gonorrhea or Chlamydia, a first- 
stream urine or a swab of the vagina or cervix should be obtained. 
Depending on sexual activity, the pharynx and rectum should also be 
tested to check for infections in those locations. Any lesions suggestive 
of HSV should be cultured or tested by PCR. The evaluation of any 
vaginal discharge includes description of the vaginal discharge, mea- 
surement of vaginal pH, saline preparation, performance of a whiff 
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(See Nelson Textbook of Pediatrics, p. 1493.) 
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TABLE 18.8 Recommended Treatments of Selected Sexually Transmitted Infections 


Pathogen 
Chlamydia trachomatis 


Neisseria gonorrhoeae 


Trichomonas vaginalis 


Herpes simplex virus 
First clinical genital episode 


Herpes simplex virus 
Episodic therapy for recurrent genital episodes 


Recommended Regimen 


Azithromycin, 1 g orally in a single dose 
Or 
Doxycycline, 100 mg orally twice a day for 7 days 


Ceftriaxone, 250 mg intramuscularly in a single dose 
plus 
Azithromycin, 1 g orally in a single dose 


Metronidazole, 2 g orally in a single dose 
Or 
Tinidazole, 2 g orally in a single dose 


Acyclovir, 400 mg orally 3 times a day for 7-10 days 
hain 200 mg orally 5 times a day for 7-10 days 
aida 250 mg orally three times a day for 7-10 days 
E 1 g orally twice a day for 7-10 days 


Acyclovir, 400 mg orally 3 times a day for 5 days 
m: 800 mg three times daily for 2 days 
TATA 800 mg orally twice a day for 5 days 
E 125 mg orally twice a day for 5 days 
N 500 mg orally twice a day for 3 days 
ET 1 g orally once a day for 5 days 


Modified from Centers for Disease Control and Prevention. Sexually transmitted diseases treatment guidelines 2015. MMWR. 2015;64(3):1-135. 
See full document for alternative treatments and specific treatments in pregnancy and treatment for children <8 years old. 


test, and microscopic examination (Table 18.9 and Figs. 18.1, 18.2, and 
18.3). Thick, adherent cottage cheese—like discharge is suggestive of 
candidiasis; other physical examination findings include erythema, 
edema, and excoriation of the vagina. Thin, homogeneous, gray-white, 
foul-smelling discharge is suggestive of bacterial vaginosis (BV). Puru- 
lent, profuse, irritating, frothy green-yellow discharge often accompa- 
nies trichomoniasis. The Amsel criteria for diagnosis and treatment of 
bacterial vaginosis are listed in Tables 18.10 and 18.11, respectively. 

The provider should perform a pelvic examination to exclude 
pelvic inflammatory disease (PID) in all sexually active adolescent 
females when vaginal discharge and/or pelvic pain are reported (Table 
18.12). PID is an acute infection of the upper female genital tract 
(endometriosis, salpingitis, tuboovarian abscess, pelvic peritonitis). 
Features that suggest PID (vs lower tract infection) include cervical 
motion tenderness; uterine or adnexal tenderness; temperature >101°F; 
cervical mucopurlent discharge or friability; abundant white blood 
cells on saline prep of vaginal fluid; elevated erythrocyte sedimentation 
rate and C-reactive protein levels; and a documented cervical infection 
with N. gonorrhea or C. trachomatis. Table 18.13 lists differential diag- 
noses for PID, and Table 18.14 details the recommended treatment 
regimens for PID. Pregnancy testing is indicated when an adolescent 
female presents with dysuria or any symptoms of an STI; the test 
results may influence the treatment plan. 

The Centers for Disease Control and Prevention recommend 
gonorrhea and Chlamydia testing of all males who meet 


aS 


FIGURE 18.1 Bacteria are clinging to the sides of a vaginal epithelial 
cell (“clue cell”). (From Huffman JW. Genitourinary infections. In: 
Feigen RD, Cherry JD, eds. Textbook of Pediatric Infectious Diseases. 
2nd ed. Philadelphia: WB Saunders; 1992:570.) 
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TABLE 18.9 Differences in Characteristics Between Bacterial Vaginosis, Trichomoniasis, and 
Vulvovaginal Candidiasis 


Clinical Elements Normal Bacterial Vaginosis Trichomoniasis Vaginal Candidiasis 
Symptoms Vaginal odor — + +/— _ 
Vaginal discharge Clear-white Thin, gray, homogeneous Green-yellow White, curd like 
Vulvar irritation = 
Dyspareunia — 
Vulvar erythema 
Bubbles in vaginal fluid 
Strawberry cervix 
Microscopy Saline Wet Mount 
Clue cells 
Motile protozoa 
KOH test 
Pseudohyphae 
Whiff test 
pH 


KOH, potassium hydroxide. 
Modified from Centers for Disease Control and Prevention. Sexually transmitted diseases treatment guidelines 2015. MMWR. 2015;64(3):1-135. 


FIGURE 18.2 Trichomonas vaginalis identified in wet smears of the 

vaginal discharge. (From Huffman JW Genitourinary infections. In: 

Feigen RD, Cherry JD, eds. Textbook of Pediatric Infectious Diseases. 

2nd ed. Philadelphia: WB Saunders; 1992:568.) FIGURE 18.3 Hyphae of Candida albicans on a wet smear of vaginal 
discharge. (From Huffman JW. Genitourinary infections. In: Feigen RD, 
Cherry JD, eds. Textbook of Pediatric Infectious Diseases. 2nd ed. 
Philadelphia, WB Saunders; 1992:564.) 


TABLE 18.10 Amsel Criteria for the 
Diagnosis of Bacterial Vaginosis 


Three of the following 4 Amsel criteria are considered necessary to 

diagnose BV: 

. Vaginal discharge: thin, homogeneous, white, uniformly adherent 

. Vaginal pH >4.5 

. Positive result of whiff test: fishy odor after mixing discharge with 10% 
KOH 

. >20% clue cells on microscopic examination: bacteria-coated squamous 
epithelial cells, where both the periphery (cell membrane) and cytoplasm 
have a granular, irregular, “moth-eaten” appearance 


Moditied from Amsel R, Totten PA, Spiegel CA, et al. Nonspecific 
vaginitis. Diagnostic criteria and microbial and epidemiologic 
associations. Am J Med. 1983;74:14-22. 

KOH, potassium hydroxide. 


TABLE 18.12 Diagnostic Criteria for Pelvic 
Inflammatory Disease 


Minimum Criteria 

Uterine or adnexal tenderness (unilateral or bilateral) 
or 

Cervical motion tenderness 


Additional Criteria to Increase Specificity of 

Minimum Criteria 

Abnormal cervical or vaginal mucopurulent discharge 

Presence of WBCs on saline microscopy of vaginal secretions 

Oral temperature >38.3°C (101°F) 

Elevated erythrocyte sedimentation rate or C-reactive protein 

Laboratory evidence of Neisseria gonorrhoeae or Chlamydia trachomatis at 
cervix 


WBCs, white blood cells. 

Modified from Centers for Disease Control and Prevention. Sexually 
transmitted diseases treatment guidelines 2015. MMWR. 
2015;64(3):1-135. 
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TABLE 18.11 Treatment Regimens for 
Bacterial Vaginosis 


Bacterial Vaginosis 

Nonpregnant Females 

Metronidazole, 500 mg orally twice daily for 7 days 

or 

Metronidazole gel, 0.75%, 1 full applicator (5 g) intravaginally once a day 
for 5 days 

or 

Clindamycin cream, 2%, 1 full applicator (5 g) intravaginally once a day for 
7 days 


Pregnant Females 
Metronidazole, 250 mg orally 3 times daily for 7 days 


Modified from Centers for Disease Control and Prevention: Sexually 
transmitted diseases treatment guidelines 2015. MMWA. 
2015;64(3):1-135. 


TABLE 18.13 Differential Diagnosis for 
Pelvic Inflammatory Disease 


Ectopic pregnancy 

Ovarian cyst (with or without ovarian torsion) 
Acute appendicitis 

Endometriosis 

Pyelonephritis 

Septic or incomplete abortion 

Pelvic thrombophlebitis 

Functional pain 

Psoas-pelvic muscle abscess 

Mesenteric adenitis 

Pelvic adhesions 

Pelvic bone osteomyelitis 

Chronic intestinal disease (e.g., inflammatory bowel disease) 


TABLE 18.14 Treatment Regimens for Pelvic Inflammatory Disease 


Parenteral Regimens (One of the Following) 


Cefotetan, 2 g IV q12h, or cefoxitin, 2 g IV g6h, both plus doxycycline, 100 mg IV or PO q12h or 
Clindamycin, 900 mg IV g8h, plus gentamicin, loading dose (2 mg/kg body weight) IV or IM, followed by a maintenance dose (1.5 mg/kg) q8h 
Parenteral therapy may be discontinued 24 hr after clinical improvement and continue doxycycline, 100 mg PO twice daily, or clindamycin, 450 mg orally 4 times 


daily for 14 days of total therapy 


For tuboovarian abscess, addition of either metronidazole, 500 mg PO twice daily, or clindamycin, 450 mg PO 4 times daily, to oral doxycycline provides better 
coverage against anaerobes 


Outpatient Regimens (One of the Following) 


Ceftriaxone, 250 mg IM in a single dose, or cefoxitin, 2 g IM, with probenecid, 1 g PO in a single dose once, or other parenteral 3rd-generation cephalosporin 
(e.g., ceftizoxime or cefotaxime) plus doxycycline, 100 mg PO twice daily for 14 days, with or without metronidazole, 500 mg PO twice daily for 14 days 


IM, intramuscularly; IV, intravenously; PO, per os (orally). 


Modified from Centers for Disease Control and Prevention. Sexually transmitted diseases treatment guidelines 2015. MMWR. 2015;64(3):1-135. 
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TABLE 18.15 Treatment Regimens 
for Epididymitis 


One of the following: 

For epididymitis most likely caused by gonococcal or chlamydial 
infection: 
Ceftriaxone, 250 mg intramuscularly in a single dose, plus 

doxycycline, 100 mg orally twice daily for 10 days 

For epididymitis most likely caused by enteric organism, or for patients 
who are allergic to cephalosporins and/or tetracyclines: 
Ofloxacin, 300 mg orally twice daily for 10 days* 
Levofloxacin, 500 mg orally once daily for 10 days* 


*Fluoroquinolones have not been recommended for persons younger 
than 18 years because they damage articular cartilage in juvenile 
animal models. Among children treated with fluoroquinolones, no 
joint damage attributable to therapy has been observed. Quinolones 
should not be used to treat possible gonorrhea infections acquired in 
Asia or the Pacific, including Hawaii, or California. 

Modified from Centers for Disease Control and Prevention. Sexually 
transmitted diseases treatment guidelines 2015. MMWA. 
2015;64(3):1-135. 


TABLE 18.16 Common Pitfalls in the 
Correct Diagnosis of Dysuria 


Neonates/Infants 

Assume that significant bacteriuria in a bagged urine specimen is a true 
UTI, and treat before a confirmatory culture is obtained 

Failure to obtain a urine culture in a neonate older than 3 days and miss 
obstructive uropathy with a secondary infection 


Toddlers and School-Aged Children 

Trust a urine culture from a bagged urine specimen 

Accept a laboratory report of “no significant growth” on urine, without 
knowing that the laboratory reports only >100, 000 CFU/mL as 
“significant” 

Failure to label a urine as “catheterized specimen,” so that the laboratory 
can plate 0.1 mL as well as 0.01 mL 


Adolescents 

Fail to ask about sexual history suggestive of vaginitis, such as a new 
sexual partner and condom or other birth control device use 

Treat pyuria as a UTI in a sample contaminated with vaginal leukocytes 


CFU, colony-forming unit; UTI, urinary tract infection. 


the diagnostic criteria for urethritis. NAATs, the most sensitive 
gonorrhea and Chlamydia diagnostic test, can be performed on a 
single urine or urethral specimen. Any lesion suspicious for HSV 
should be cultured. Table 18.8 lists the treatments for selected 
sexually transmitted infections. Epididymitis, typically presenting 


TABLE 18.17 Red Flags for Referral to a 
Pediatric Urologist or Nephrologist After a 
Urinary Tract Infection 


Dilating VUR (grade III, IV, or V) 

Renal scarring detected on sonography or a DMSA scan obtained >6 mo 
after the UTI 

Urinary obstruction seen on a sonogram 

Voiding dysfunction (enuresis, frequency, “curtsy” to stop voiding) 
Breakthrough UTI in the child with VUR receiving prophylaxis 

Elevated serum creatinine level 

Hypertension 

Antenatal hydronephrosis that is confirmed after day 3 after birth 


DMSA, dimercaptosuccinic acid; UTI, urinary tract infection; VUR, 
vesicoureteral reflux. 


TABLE 18.18 Red Flags and Things Not to 
Miss: Sexually Transmitted Diseases 


Diagnosis of More Than One Sexually Transmitted 

Infection in the Same Patient 

e |f patient is diagnosed with syphilis, gonorrhea, or human 
immunodeficiency virus 

e |f patient reports engaging in unprotected sex with multiple partners 

e |f patient is immunocompromised 

e |f patient has a history of sexually transmitted infections 


Abdominal Pain in an Adolescent Girl 
Pelvic inflammatory disease 
Tuboovarian abscess 
Ectopic pregnancy 
Appendicitis 
Ovarian cyst (rupture or torsion) 


Fever, Rash, Malaise, Arthralgia 
e Disseminated gonococcemia 

e Reactive arthritis 

e Human immunodeficiency virus infection 


Rape 

Pregnancy 

Treatment of Partners 
Asymptomatic Cervicitis 


as unilateral testicular pain, is most frequently caused by C. tra- 
chomatis or N. gonorrhoeae or a sexually transmitted enteric organ- 
isms such as E. coli and Pseudomonas species. On examination, a 
hydrocele may be present. Treatment of epididymitis is listed in 
Table 18.15. 


Dysuria in prepubertal children is usually a symptom of a UTI, but 
may also be due to other infectious or noninfectious causes of urethri- 
tis and vaginitis. The differential diagnosis expands greatly in adoles- 
cents, in whom a sexually transmitted infection may be the cause. Table 
18.16 demonstrates common pitfalls in the appropriate evaluation of 


dysuria in children and adolescents. Red flags are noted in Tables 18.17 
and 18.18. 

Because children younger than 2 years cannot often verbalize a 
specific complaint of dysuria, the diagnosis of a UTI is more challeng- 
ing in children this age. Awareness of specific risk factors for UTI 


(uncircumcised status in boys, height of fever, and lack of other cause 
for fever on examination) especially in the first year of life will lead to 
the evaluation of those at highest risk and avoid unnecessary testing 
in those at low risk. Combining the results of the UA with an 
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appropriately obtained urine culture allows for expeditious treatment 
and confirmation of the particular pathogen when the culture results 
are available. 
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Proteinuria 


Raji Sreedharan 


Proteinuria can be detected by various means, and the most common 
is the dipstick test, a calorimetric assay that spots only albumin and 
not low-molecular-weight proteins. In addition, alkaline urine and 
the presence of contrast media in urine can lead to false dipstick 
positivity. Though 24-hour urine collection is the gold standard to 
quantify the proteinuria, spot urine protein-to-creatinine ratio can 
be used for initial confirmation after a positive screen with dipstick 
or to trend proteinuria (Table 19.1). A ratio below 0.2 protein mg/ 
creatinine mg is considered normal in children older than 2 years 
of age and a ratio less than 0.5 mg/mg is considered normal in 
younger children between 6 months and 2 years of age. In timed 
collection, protein excretion greater than 100 mg/m’ in 24 hours or 
4 mg/m*/hour is considered abnormal, and over 40 mg/m//hr is 
considered nephrotic range. Qualitative analysis of protein in urine 
by immunonephelometry helps distinguish glomerular from tubular 
proteinuria. 

Proteinuria in children can be transient, orthostatic, or persistent. 
Transient and orthostatic proteinuria are benign conditions and 
require no treatment. Several factors including fever, stress, hypovole- 
mia, exercise, and seizures can lead to transient proteinuria (Table 
19.2). Orthostatic proteinuria is defined as increased protein in urine 
only when upright. In this condition, absence of proteinuria when 
horizontal and resting can be confirmed by documenting absence of 
protein in a lst morning void. Split day/night urine collection is the 
gold standard to diagnose orthostatic proteinuria, which is a common 
benign cause of proteinuria, especially in adolescents. Persistent pro- 
teinuria requires meticulous evaluation to rule out renal pathology. 

Evaluation of proteinuria begins with a detailed history and phys- 
ical examination. Pertinent histories that help distinguish pathologic 
from benign proteinuria include history of respiratory symptoms 
concurrent with or preceding the proteinuria, presence of red urine, 
edema, positive family history of kidney disease, or hearing loss. 
Findings of edema and hypertension suggest pathologic proteinuria. 
Repeating urine dipstick in asymptomatic children with a negative 
history can eliminate unnecessary further testing for transient pro- 
teinuria. If still positive, spot urine protein-to-creatinine ratio can 
help confirm the presence of proteinuria. If confirmed, a 1st morning 
void protein-to-creatinine ratio can then identify orthostatic pro- 
teinuria. Once the benign conditions are ruled out in asymptomatic 
children, further testing is similar to that of symptomatic children 
and these children should be referred to nephrologists. This more 
detailed evaluation begins with 24-hour urine collection where pos- 
sible, complete urinalysis, and sediment evaluation looking for glo- 
merular or other parenchymal pathology that could be causing the 
proteinuria (Fig. 19.1). Positive leukocyte esterase, nitrite, and pres- 
ence of pyuria or bacteriuria suggest a urinary tract infection. If 
not resolved with treatment of infection, proteinuria will need further 
evaluation. Low molecular proteins, such as B2-microglobulin, o1- 
microglobulin, lysozyme, and retinol-binding protein are found in 
tubular proteinuria as is seen in Fanconi syndrome or Dent disease. 
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Red blood cell (RBC) cast is pathognomonic of glomerulonephritis. 
Serum chemistry including creatinine, BUN, electrolytes, albumin, 
and cholesterol will also help separate proteinuria secondary to glo- 
merulonephritis or nephrotic syndrome. Lupus antibody studies, 
streptococcal infection, and complement C3 and C4 levels along 
with viral studies can help delineate the various causes of glomeru- 
lonephritis and nephrotic syndrome. Renal ultrasound should be 
considered to rule out any gross parenchymal etiology for the pro- 
teinuria, such as dysplastic kidney and cystic kidney disease. Renal 
biopsy may be indicated if there is evidence for worsening of pro- 
teinuria, hypoalbuminemia, deteriorating renal function, or a poor 
response to the initial therapy. 

Differential diagnoses for proteinuria are extensive, as described 
in Table 19.2. The initial evaluation of a patient with proteinuria is 
presented in Table 19.3. Indications for a referral to a pediatric 
nephrologist are described in Table 19.4. If there is obvious edema 
with proteinuria, the diagnostic evaluation noted in Table 19.3 
advances directly to the 2nd phase and, if necessary, to the 3rd phase. 

The combination of proteinuria, hypoalbuminemia, edema, and 
hyperlipidemia are the defining features of nephrotic syndrome. 
Nephrotic syndrome may be a result of many primary etiologic factors, 
with varying renal pathologic processes and long-term consequences. 
Proteinuria that causes edema is always clinically significant, although 
not all edema is secondary to proteinuria (Table 19.5). All children 
with nephrotic syndrome invariably have “nephrotic-range” protein- 
uria, necessitating detailed evaluation, and most require treatment. In 
rare cases, a child with asymptomatic proteinuria has nephrotic-range 
proteinuria. If there is concomitant hypoalbuminemia and hyperlip- 
idemia, the work-up proceeds as if the child presented with nephrotic 
syndrome, despite the absence of edema. Even without hypoalbumin- 
emia and hyperlipidemia, nephrotic-range proteinuria is less likely to 
be benign than is less marked asymptomatic proteinuria. 


NEPHROTIC SYNDROME IN YOUNG CHILDREN 
© Differential Diagnosis 


Three diseases constitute all cases of isolated nephrotic syndrome: 
minimal change disease (the most common); focal segmental sclerosis 
(also called focal glomerular sclerosis); and membranous glomeru- 
lopathy. These classifications are based on pathologic findings. Thus 
these presentations could be primary or secondary due to other causes. 
In addition, nephrotic syndrome can be present along with glomeru- 
lonephritis (GN), such as postinfectious GN, IgA GN, or membrano- 
proliferative GN. Systemic diseases also cause childhood nephrotic 
syndrome, accounting for 10% of cases. The three foremost consider- 
ations include SLE, anaphylactoid purpura (Henoch-Schénlein 
purpura), and hemolytic uremic syndrome. These diseases have extra- 
renal manifestations in addition to the proteinuria and must be con- 
sidered in any child who presents with systemic illness and significant 
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(See Nelson Textbook of Pediatrics, p. 2517.) 


(See Nelson Textbook of Pediatrics, p. 2571.) 


CHAPTER 19 Proteinuria 


TABLE 19.1 
Method 


Urine dipstick 1+ or more in a concentrated urine specimen False positive if urine pH >8.0 or specific gravity >1.025 or tested 
(specific gravity >1.020) within 24 hr of a radiocontrast study 

1+ or more False-positive with iodinated radiocontrast agents 

>0.02 g/mmol or >0.2 mg/mg in children >2 yr Protein excretion varies with child s age 

>0.06 g/mmol or >0.6 mg/mg in children 6 mo-2 yr 

Nephrotic range: 

>0.2 g/mmol or >2 mg/mg 

>4 mg/m’/hr or >150 mg/1.73 m?/24 hr 

Nephrotic range: 


>40 mom h or >3 g/1.73 m*/24 hr 


Quantification of Proteinuria in Children 


Abnormal Proteinuria Precautions 


sulfosalicylic acid test 
Urine protein/creatinine ratio (U, 
/Uc, ratio) in spot urine 


Timed urine protein excretion rate In an accurately collected 24-hr urine specimen, urine creatinine 
should be in the range of 0.13-0.20 mmol/kg or 16-24 mg/kg ideal 
body weight for females, and 0.18-0.23 mmol/kg or 21-27 mg/kg 


ideal body weight for males 


From Yap HK, Lau PYW. Hematuria and proteinuria. In: Geary DF, Schaefer F, eds. Comprehensive Pediatric Nephrology. Philadelphia: Elsevier; 
2008:185, Table 10.3. 


TABLE 19.2 Causes of Proteinuria 


Transient Proteinuria 
Fever 

Exercise 

Dehydration 

Cold exposure 

Congestive heart failure 
Seizure 

Stress 


Orthostatic (Postural) Proteinuria 

Glomerular Diseases Characterized by Isolated Proteinuria 
Idiopathic (minimal change) nephrotic syndrome 

Focal segmental glomerulosclerosis 

Mesangial proliferative glomerulonephritis 

Membranous nephropathy 


Membranoproliferative glomerulonephritis 
Amyloidosis 

Diabetic nephropathy 

Sickle cell nephropathy 


Glomerular Diseases with Proteinuria as a 

Prominent Feature 

Acute postinfectious glomerulonephritis (e.g., streptococcal, endocarditis, 
hepatitis B or C virus, and HIV) 

Immunoglobulin A nephropathy 

Henoch-Schonlein purpura nephritis 

Lupus nephritis 

Serum sickness 

Alport syndrome 

Vasculitic disorders 

Reflux nephropathy 


Tubular Diseases 

Cystinosis 

Wilson disease 

Lowe syndrome 

Dent disease (X-linked recessive nephrolithiasis) 
Galactosemia 

Tubulointerstitial nephritis 

Acute tubular necrosis 

Renal dysplasia 

Polycystic kidney disease 

Reflux nephropathy 

Drugs [e.g., penicillamine, lithium, NSAID) 
Heavy metals (e.g., lead, gold, mercury) 


NSAID, nonsteroidal antiinflammatory drug. 
From Pais P, Avner ED. Fixed proteinuria. In: Kliegman RM, Stanton BF, St. Geme JW Ill, eds. Nelson Textbook of Pediatrics. 20th ed. 
Philadelphia: Elsevier; 2016:2520, Table 526.1. 
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Urine dipstick protein 


>1+ 


Obtain 1st morning urine for 
protein/creatinine ratio and 


urinalysis with microscopic 


examination 


Urine protein/creatinine ratio >0.02 g/mmol 
(0.2 mg/mg) + microscopic hematuria 


FIGURE 19.1 Algorithm for investi- 
gating proteinuria. ANA, antinuclear 
antibody; ANCA, antinuclear cyto- 
plasmic antibody; anti-dsDNA, anti— 
double-stranded DNA; BP, blood 
pressure; IgA, immunoglobulin A. 
(From Yap HK, Lau PYW. Hematuria 
and proteinuria. In: Geary DF, 
Scharfer F, eds. Comprehensive 
Pediatric Nephrology. Philadelphia: 


>0.3 g/1.73 m?/day 
Elsevier; 2008:190.) 


Further evaluation 


History (drugs, family history) 


24-hr urinary total protein 


2 
<0.3 g/1.73 m“/day | Repeat urine tests 
6 mo later 


Trace 


Repeat urine 
dipstick protein 


Negative or 
trace 


Repeat urine dipstick 
6 mo to 1 yr later 
Consider discharge if 
urine dipstick protein 
negative or trace 


Urine protein/creatinine ratio <0.02 g/mmol 

(0.2 mg/mg) and no microscopic hematuria 
Possibilities 

Urine dipstick 

false positive 

Transient proteinuria 


Postural/orthostatic proteinuria 
Consider: 
e 24-hr urinary total 


protein 

e Renal Doppler ultrasound 
(if nutcracker syndrome is 
suspected) 


Physical examination (including BP) 


Investigations: 


e Serum urea, creatinine, 


electrolytes 


e Serum total cholesterol 


e Serum albumin 


e Serum complements C3 and C4 


e Serum IgA 


e ANA or anti-dSDNA antibodies, 


ANCA (if indicated) 


e Hepatitis B and C, HIV serology 


(if indicated) 
e Renal ultrasound 


e Consider renal biopsy (see 


section on indications for renal 


biopsy) 


proteinuria. Hereditary forms of nephrotic syndrome are a genetically 
heterogeneous group of disorders representing a spectrum of heredi- 
tary renal diseases. There are 13 subtypes of hereditary nephrotic syn- 
drome associated with 35 genes. Several of the more common disorders 
along with other causes of nephrotic syndrome are noted in Tables 19.6 
and 19.7. 


MINIMAL CHANGE DISEASE 


Most cases of nephrotic syndrome in children are caused by minimal 
change nephrotic syndrome, defined as normal histologic features of 
the kidney by light microscopy and immune stains. Preschool-aged 
children constitute the age group in which minimal change nephrotic 
syndrome is most common. Patients often present with asymptomatic 
edema, which may manifest as swollen or puffy eyes upon awakening 
in the morning; increasing abdominal girth (increased waist or belt 
size) from ascites; pedal or leg edema, which causes difficulty in putting 
on their regular-sized shoes, especially after being upright during the 


daytime; or swelling in other sites, such as the scrotum, penis, vulva, 
and scalp. Tense edema or ascites is occasionally painful. 

Minimal change nephrotic syndrome is slightly more common in 
boys than in girls. The hallmark of this disease is total clearing of the 
proteinuria with oral prednisone therapy. A common misconception 
is that neither hematuria nor hypertension is present in children with 
minimal change disease. Microscopic hematuria and hypertension are 
present in up to 20% of children who have minimal change disease. 
The blood urea nitrogen (BUN) or serum creatinine level may also be 
elevated in up to 30% of the cases, usually from prerenal causes. Serum 
complement studies, specifically C3, are invariably normal. Older age, 
hematuria, hypertension, and azotemia may occur with minimal 
change nephrotic syndrome, but the combination suggests another 
disease. 


® Diagnosis 
Studies that would help confirm that a patient with nephrotic syn- 
drome has minimal change disease include urinalysis, serum chemistry 


TABLE 19.3 Work-up of a Child 
with Proteinuria 


Pediatrician’s Work-up: Phase | 
Early morning urinalysis to include examination of the sediment 
Ambulatory and recumbent urinalyses for dipstick protein testing 


Pediatrician's Work-up: Phase ll 

Blood electrolytes, BUN, creatinine, serum proteins, cholesterol 
ASLO titer, C3 complement, ANA 

Timed 12-hr urine collections, recumbent and ambulatory 
Renal ultrasonography, IVP, voiding cystourethrography 


Pediatric Nephrologist’s Work-up: Phase lli 
Renal biopsy 
Management of established renal disease 


ANA, antinuclear antibody; ASLO, antistreptolysin O; BUN, blood urea 
nitrogen; IVP, intravenous pyelography. 

Moditied from Norman ME. An office approach to hematuria and 
proteinuria. Pediatr Clin North Am. 1987;34:545-562. 


TABLE 19.4 When to Refer the Child with 
Proteinuria to a Nephrologist 


Persistent nonorthostatic proteinuria 
A family history of glomerulonephritis, chronic renal failure, or kidney 
transplantation 


Systemic complaints such as fever, arthritis or arthralgias, and rash 

Hypertension, edema, cutaneous vasculitis, or purpura 

Coexistent hematuria with or without cellular casts in the spun sediment 

Elevated blood urea nitrogen (BUN) and creatinine levels or unexplained 
electrolyte abnormalities 

Increased parental anxiety 


Moditied from Norman ME. An office approach to hematuria and 
proteinuria. Pediatr Clin North Am. 1987;34:545-561, Table 24.9. 


including BUN, creatinine, albumin, and cholesterol levels, along with 
complements and lupus antibody titers. 

The urinalysis would be expected to show 3+ to 4+ protein, which 
is correlated with a urine concentration of 300-2000 mg/dL. The urine 
may also occasionally yield positive results for blood. Microscopic 
examination of the urine sediment often shows oval fat bodies and/or 
refractile granular casts, which are seen when there is significant lipi- 
duria. Red blood cells might also be present, but it is unusual to see 
red blood cell casts. Their presence would suggest a diagnosis of post- 
streptococcal glomerulonephritis or other causes of nephritis (see 
Chapter 20). 

The complement C3 and C4 levels are normal in minimal change 
disease and are depressed in some other causes of nephritis (see 
Chapter 20). The serum cholesterol values are elevated in minimal 
change nephrotic syndrome and are usually higher than 250 mg/dL; 
levels in the range of 500-600 mg/dL may occur. The serum albumin 
concentration is invariably less than 2.5 and often less than 2.0 g/dL. 
A renal biopsy is not immediately indicated because most patients 
(>90%) with minimal change disease respond to prednisone, a response 
that is considered diagnostic. 


® Treatment 


With a presumptive diagnosis of minimal change nephrotic syndrome, 
it is recommended in the Kidney Disease: Improving Global Outcomes 
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TABLE 19.5 Causes of Edema 


Kidney Diseases 
Acute glomerulonephritis 
Nephrotic syndrome 
Acute renal failure 
Chronic renal failure 


Heart Failure 
Liver Failure 


Nutritional and Gastrointestinal Disorders 
Protein-calorie malnutrition 


Protein-losing enteropathy 
Nutritional edema (especially on refeeding) 


Endocrine Disorders 
Hypothyroidism 
Mineralocorticoid excess 


Miscellaneous 

Hydrops fetalis 

Venocaval obstruction 

Capillary leak syndrome (systemic inflammatory response syndrome) 
Turner syndrome (lymphedema) 

Allergic reaction (periorbital edema) 


(KDIGO) guidelines that patients be placed on a therapeutic course of 
prednisone, 60 mg/m’/day or 2 mg/kg/day, up to a maximum of 60 mg 
for 4-6 weeks, followed by a dose of 40 mg/m’ or 1.5 mg/kg (maximum 
40 mg) given every other day for another 6 weeks. In most patients, 
there is total resolution of proteinuria within 10-21 days of initiating 
therapy. Patients who do not respond to prednisone therapy should be 
considered candidates for a renal biopsy to guide further therapy. 

Total clearing of proteinuria in response to prednisone is an excel- 
lent prognostic sign. Very few patients progress to renal failure, 
although many patients (~80%) who initially respond to prednisone 
therapy with total clearing of proteinuria may have relapses and require 
intermittent prednisone therapy for many years. Approximately 18% 
of patients treated with prednisone for minimal change nephrotic 
syndrome respond to therapy and never experience a relapse. 

Patients with recurrent nephrotic syndrome are subgrouped into 
those who experience frequent and infrequent relapses. A patient with 
infrequent relapse has fewer than 2 relapses in any 6-month period; a 
person with frequent relapse has 2 or more relapses within 6 months. 
Prednisone should be reinitiated at a dose of 60 mg/m°/day or 2 mg/ 
kg/day until a maximum of 60 mg/day and continued until the urine 
test results are negative for protein for 3 consecutive days. After that, 
alternate-day prednisone is given at a dose of 40 mg/m’ or 1.5 mg/kg 
(maximum 40 mg) in the morning for another 4 weeks and then dis- 
continued altogether. Relapses are frequent during the influenza virus 
seasons; any minor upper respiratory infection may trigger a relapse 
of nephrotic syndrome. Patients who suffer infrequent relapses may be 
treated with prednisone alone. 

Patients with frequently relapsing nephrotic syndrome may be 
steroid dependent and require constant daily prednisone therapy to 
maintain a remission. Because constant daily prednisone has signifi- 
cant untoward side effects (growth failure, cushingoid facies, osteopo- 
rosis, cataracts, opportunistic infections, hypertension, and glucose 
intolerance), other therapies need to be considered. A renal biopsy is 
recommended prior to initiating alternative agents to confirm the 
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TABLE 19.6 Causes of Childhood Nephrotic Syndrome 


Idiopathic Nephrotic Syndrome 

Minimal change disease 

Focal segmental glomerulosclerosis 

Membranous nephropathy 

Glomerulonephritis associated with nephrotic syndrome—membranoproliferative 
glomerulonephritis, crescentic glomerulonephritis, immunoglobulin A 
nephropathy 


Genetic Disorders Associated with Proteinuria or Nephrotic 

Syndrome 

Over 100 genetic syndromic disorders are associated with proteinuria, the 
more common disorders are listed below. 


Nephrotic Syndrome (Typical) 

Finnish-type congenital nephrotic syndrome (absence of nephrin) 

Focal segmental glomerulosclerosis (mutations in nephrin, podocin, MYO7E, 
qt-actinin-4, TRPC6) 

Diffuse mesangial sclerosis (mutations in laminin B; chain) 

Denys-Drash syndrome (mutations in WT1 transcription factor) 

Congenital nephrotic syndrome with lung and skin involvement (integrin 0% 
mutation) 

Mitochondrial disorders (rare association, steroid resistance, MELAS) 


Proteinuria With or Without Nephrotic Syndrome 
Nail-patella syndrome (mutation in LMX1B transcription factor) 
Alport syndrome (mutation in collagen 4 biosynthesis genes) 


Multisystem Syndromes With or Without Nephrotic 
Syndrome 

Galloway-Mowat syndrome 

Charcot-Marie-Tooth disease 

Jeune syndrome 

Cockayne syndrome 

Bardet Bied! syndrome 


Metabolic Disorders With or Without Nephrotic Syndrome 
Alagille syndrome 

o,-Antitrypsin deficiency 

Fabry disease 

Glutaric acidemia 

Glycogen storage disease 

Hurler syndrome 

Partial lipodystrophy 

Mitochondrial cytopathies 

sickle cell disease 


Secondary Causes of Nephrotic Syndrome 


Infections 

Endocarditis 

Hepatitis B, C 

HIV-1 

Infectious mononucleosis 

Malaria 

Syphilis (congenital and secondary) 
Toxoplasmosis 

schistosomiasis 

Filariasis 


Drugs 

Captopril 

Penicillamine 

Gold 

Nonsteroidal antiinflammatory drugs 
Pamidronate 

Interferon 

Mercury 

Heroin 

Lithium 


Immunologic or Allergic Disorders 
Vasculitis syndromes 

Castleman disease 

Kimura disease 

Bee sting 

Food allergens 

serum sickness 


Associated with Malignant Disease 
Lymphoma 

Leukemia 

solid tumors 


Glomerular Hyperfiltration 
Oligomeganephronia 

Morbid obesity 

Adaptation to nephron reduction 


Modified from Eddy AA, Symons JM. Nephrotic syndrome in childhood. Lancet. 2003;362:629-638; From Pais P, Avner ED. Fixed proteinuria. In: 
Kliegman RM, Stanton BF, St. Geme JW Ill, eds. Nelson Textbook of Pediatrics. 20th ed. Philadelphia: Elsevier; 2016:2522, Table 527.1. 


diagnosis of minimal change nephrotic syndrome. Treatment strategies 
with corticosteroid-sparing agents for patients with frequent relapse 
who develop steroid-related adverse effects include, alkylating agents; 
cyclophosphamide or chlorambucil. It is not recommended that 
second courses of alkylating agents be given. 


Complications of Nephrotic Syndrome 


Even in patients with the frequent relapse variant of minimal change 
disease, the incidence of renal failure is only 1%. The reported mortal- 
ity rate remains higher, at approximately 5%. 

Infection. The major cause of death in nephrotic syndrome is over- 
whelming infection, usually secondary to spontaneous bacterial 


peritonitis, which develops in as many as 10% of patients with 
nephrotic syndrome at some point in the course of illness. Such infec- 
tion is most frequent in patients who are edematous with significant 
ascites. Peritoneal fluid interferes with macrophage function, whereas 
ascitic fluid may dilute local complement or immunoglobulin levels, 
altering host defense mechanisms in the peritoneum. 

The most common pathogen is Streptococcus pneumoniae. Esche- 
richia coli and Staphylococcus aureus are other etiologic agents that may 
cause spontaneous peritonitis in patients with minimal change disease. 
With the use of appropriate antibiotics, mortality from peritonitis is 
~10%. Any child with nephrotic syndrome in relapse with evidence of 
ascites needs to be evaluated quickly if either abdominal pain or fever 


TABLE 19.7 Causes of Nephrotic 
Syndrome in Infants Younger Than 1 Year 


Secondary Causes 

Infections 

syphilis 

Cytomegalovirus 

Toxoplasmosis 

Rubella 

Hepatitis B 

HIV 

Malaria 

Drug reactions 

Toxins 

Mercury 

Systemic lupus erythematosus 
syndromes with associated renal disease 
Nail-patella syndrome 

Lowe syndrome 

Nephropathy associated with congenital brain malformation 
Denys-Drash syndrome: Wilms tumor 
Hemolytic uremic syndrome 


Primary Causes 
Congenital nephrotic syndrome 
Diffuse mesangial sclerosis 
Minimal change disease 

Focal segmental sclerosis 
Membranous nephropathy 


From Kliegman RM, Greenbaum LA, Lye PS. Practical strategies in 
pediatric diagnosis and therapy. 2nd ed. Philadelphia: Saunders; 
2004:418. 


develops. A blood specimen and paracentesis (e.g., Gram stain, culture, 
neutrophil count, measurement of glucose and protein levels) should 
be obtained, and the patient should be started on intravenous cefo- 
taxime (or ceftriaxone) and an aminoglycoside without further delay. 

Thrombosis. A second serious complication of nephrotic syn- 
drome is spontaneous thrombosis, pulmonary embolus, or both. The 
blood of patients with nephrotic syndrome is hypercoagulable, and 
there is an increased incidence of thrombotic phenomena in these 
children. Children can have arterial thrombosis, as well as venous 
thrombosis with resultant pulmonary emboli. The renal vein and dural 
sinus veins are other possible sites of thrombosis. Use of injectable and 
oral antithrombolytic agents, in addition to heparin, have allowed for 
more effective treatment of thrombotic complications. 

Hyperlipidemia. Hyperlipidemia is treated by some authorities 
with statins to lower the serum cholesterol levels and theoretically 
reduce vascular pathologic processes. 


OTHER FORMS OF NEPHROTIC SYNDROME 


Focal Segmental Sclerosis 

Diagnosis 

Clinical criteria do not always allow clinicians to differentiate minimal 
change disease from focal segmental sclerosis before completion of a 
course of prednisone therapy. Inability to clear proteinuria completely 
during prednisone therapy may be the first indication of focal segmen- 
tal sclerosis. Patients who respond to prednisone initially with clearing 
of proteinuria but do not respond to a subsequent course of steroids 


CHAPTER 19 Proteinuria 


should also be considered to have focal segmental sclerosis. Such 
patients represent about 7% of those who have an initial response to 
prednisone therapy. A patient who does not respond to prednisone 
with total clearing of proteinuria should undergo renal biopsy. 

Focal segmental sclerosis may be primary (idiopathic) or second- 
ary to severe obesity, reflux nephropathy, sickle cell nephropathy, 
reduced renal mass (single kidney), opiate or analgesic abuse, chronic 
bacteremia (endocarditis), renal transplant rejection, or nephropathy 
resulting from human immunodeficiency virus infection. Genetic 
variants in several genes result in focal segmental glomerulosclerosis. 
The genetic basis of these hereditary focal segmental glomeruloscle- 
rotic disorders is genetically heterogeneous. Nine hereditary subtypes 
have been described. FSGS1 : ACTN4; FSGS2 : TRPC6; FSGS3 : 
CD2AP; FSGS4 : APOL1; FSGS5 : INF2; FSGS6 : MYOIE; FSGS7 : 
PAX2; FSGS8 : ANLN; FSGS9 : CRB2. Many of these genes code for 
proteins which are involved in the structure and function of the 
podocyte foot process. 


Treatment 


Results of treatment of focal segmental sclerosis have been poor. 
Patients have severe and unremitting proteinuria despite treatment 
with prednisone, chlorambucil, or cyclophosphamide. The long-term 
outcome has been poor; 33% are in renal failure ~10 years after diag- 
nosis, and nearly 100% are in renal failure 20 years after diagnosis. The 
incidence of focal segmental sclerosis appears to be increasing, particu- 
larly in the African American population, possibly related to obesity 
and genetic predisposition. 

Patients with focal segmental sclerosis present 2 difficult problems. 
First, renal function may be maintained reasonably well for years, but 
massive proteinuria persists. Hence, patients are often edematous for 
months or years, and stigmata of protein malnutrition may develop as 
a result of large protein losses. Symptomatic therapy with a low-sodium 
diet and judicious use of diuretics is sometimes effective. Dietary 
manipulation of protein intake is ineffective; increasing dietary protein 
intake is accompanied by a concomitant increase in urinary protein 
excretion. There is no evidence that protein restriction either modifies 
serum proteins or prevents progression to renal insufficiency. 

The second problem occurs when affected patients progress to end- 
stage renal failure. Recurrence of the disease in transplanted kidneys 
occurs in 25-30% of recipients. Therefore, many patients undergo a 
long period of dialysis before receiving a kidney transplant in an effort 
to diminish the frequency of recurrent disease. 

Some patients respond to calcineurin inhibitors, cyclosporine, or 
tacrolimus, with total clearing of their proteinuria. There may be no 
progression to renal insufficiency. It is unknown what percentage of 
patients with focal segmental sclerosis respond to cyclosporine; it is 
estimated that 25-60% have an initial response. 


Membranous Nephropathy 


Membranous nephropathy is a pathologic diagnosis made following 
renal biopsy and may be primary or secondary to other diseases (e.g., 
hepatitis, systemic lupus erythematosus [SLE] or malignancy) or 
toxins and drugs such as nonsteroidal antiinflammatory, gold, mercury, 
bismuth, silver, p-penicillamine, trimethadione, probenecid, and cap- 
topril. All the secondary causes must be considered and should be 
addressed and treated before the condition is considered primary. 
Antibodies against the phospholipase A, receptor (PLA,R) in the 
serum or a renal biopsy by immune staining have been identified in 
70% of patients with primary or idiopathic membranous nephropathy. 
Circulating antibodies against thrombospondin type-1 domain- 
containing 7A (THSD7A) are found in another 5-10% of the remain- 
ing patients with primary membranous nephropathy. The changes in 
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the antibody titers correspond to remission or relapse of proteinuria 
and can be used to monitor the disease. 


Treatment 


Addressing the triggers of secondary membranous nephropathy in 
itself may result in resolution of proteinuria in the majority of cases. 
Membranous nephropathy secondary to SLE is more difficult to treat. 
In addition, the increased incidence of spontaneous resolution of the 
proteinuria makes selecting the patients who should be treated very 
complicated. Close monitoring of primary membranous nephropathy 
to determine the need for treatment is recommended for 6 months 
prior to initiating treatment. Sodium restriction, diuretics, and 
angiotensin-converting enzyme (ACE) inhibitors can be used for 
control of proteinuria and symptoms. In patients with no decrease of 
proteinuria, or with severe, life-threatening symptoms related to the 
nephrotic syndrome, immunosuppression with steroids and cyclo- 
phosphamide can be tried. 


NEPHROTIC SYNDROME IN INFANTS 
YOUNGER THAN 1 YEAR 


Nephrotic syndrome that manifests very early in life is a much more 
serious entity, and the prognosis is guarded (see Table 19.7). The 
outlook is poorest in younger infants (<6 months of age) and improves 
as the age at presentation approaches 1 year. Minimal change disease 
is rarely seen in infants younger than 6 months of age. It is more 
common in infants who present at 6-8 months. By 1 year, it is the most 
common cause of nephrotic syndrome. 

The conditions that result in nephrotic syndrome in infants differ 
markedly from those seen in older children. Secondary causes are more 
prominent and need to be considered, particularly in newborns or very 
young infants. It is especially important to test for syphilis because the 
early institution of penicillin therapy may lead to the resolution of the 
renal disease and may mitigate the involvement of other organ systems 
as well. Congenital toxoplasmosis is also treatable with the combina- 
tion of steroids and pyrimethamine-sulfadiazine—folinic acid. Other 
congenital infections offer less opportunity for treatment to influence 
the outcome; extrarenal manifestations of these infections are much 
more serious than kidney disease. 

Primary renal disease causing nephrotic syndrome in early infancy 
is most often caused by either congenital nephrotic syndrome or 
diffuse mesangial sclerosis (Table 19.8). In both diseases, the prognosis 
for survival is poor unless aggressive supportive therapy and kidney 
transplantation are undertaken. 


Congenital Nephrotic Syndrome 


Congenital nephrotic syndrome is an autosomal recessive disorder 
resulting from mutations in the gene encoding the protein, nephrin 
(see Table 19.8). Infants with congenital nephrotic syndrome are often 
premature, with a low birthweight, placentomegaly, increased amniotic 
fluid o-fetoprotein levels, and hypogammaglobinemia (decreased 
immunoglobulin G levels). 

Ascites and edema, caused by massive proteinuria, are usually 
present in affected infants during the first few weeks after birth. 
Patients do not respond to steroids or cytotoxic therapy. Infections and 
thrombosis are the two major complications; they cause considerable 
morbidity and mortality. Because of the massive proteinuria, patients 
fail to thrive; they require nasogastric feeding with a high-calorie, high- 
protein formula. Nephrectomy and peritoneal dialysis are often neces- 
sary to control protein losses and allow for adequate growth and 
control of uremia so that the infant can reach a size and nutritional 
state sufficient for renal transplantation. 


Diffuse Mesangial Sclerosis 


Diffuse mesangial sclerosis is the other diagnostic entity seen in infants 
(see Table 19.8). This disease is similar to congenital nephrotic syn- 
drome, but it often results in less severe protein losses. Patients are 
often full term and of a normal birthweight. The amniotic fluid 
a.-fetoprotein is normal, and the onset of edema (1 week-33 months) 
is later than in congenital nephrotic syndrome (birth-3 months). The 
patients have hypertension, hematuria, and renal insufficiency at pre- 
sentation. When diffuse mesangial sclerosis is seen in association with 
a female phenotype, chromosome typing is recommended to look for 
patients with Drash syndrome (XY gonadal dysgenesis, nephropathy, 
and Wilms tumor). When this syndrome is present, bilateral nephrec- 
tomy and gonadectomy are recommended because the potential for 
malignancy is very high. 

Treatment is similar to patients with congenital nephrotic syn- 
drome and eventually requires renal transplantation. The major goal 
is to help these infants achieve the growth and good nutrition neces- 
sary for successful renal transplantation. Nephrotic syndrome occa- 
sionally occurs after transplantation for congenital nephrotic syndrome, 
probably secondarily to an autoimmune reaction to nephrin. 


ASYMPTOMATIC PROTEINURIA DISORDERS 


Many patients have proteinuria, but there is no edema, the blood pres- 
sure is normal, and serum protein levels are normal. The extent of the 
work-up must be tailored to the seriousness of the problem. Whether 
an evaluation should be performed depends on whether the protein- 
uria is both persistent and nonorthostatic (see Fig. 19.2). For a child 
younger than 7 or 8 years of age who has persistent proteinuria, 
normal total protein and serum albumin levels, normal complement, 
and no other signs of renal disease, there are two options. 

One option is to observe the patient carefully with repeated uri- 
nalyses every 3-6 months and to counsel the parents with regard to 
swelling and/or ascites, which may develop in association with influ- 
enza or an upper respiratory infection. If there is evidence of overt 
nephrotic syndrome with edema, a decrease in serum albumin and an 
increase in serum cholesterol, a trial of daily prednisone therapy is 
indicated. It is good practice to give the pneumococcal vaccine to 
patients who have persistent proteinuria but no evidence of edema or 
nephrotic syndrome, because of the risk of pneumococcal peritonitis 
if nephrotic syndrome develops. The other option involves instituting 
prednisone therapy to document that proteinuria has disappeared; this 
confirms the suspicion that the patient has steroid-responsive nephrotic 
syndrome. The rationale for withholding prednisone unless symptoms 
develop is that the natural history of minimal change disease is to 
remit; this may occur with or without prednisone administration. If 
the patient has a more serious lesion, symptoms will develop, at which 
time evaluation and therapy may be undertaken. 

In a patient older than 8 or 9 years, once the presence of persistent 
and nonorthostatic proteinuria is established, the next step is to quan- 
tify the amount of protein in a 24-hour specimen. If urinary protein 
excretion is greater than 8 mg/kg/day, a renal biopsy may be consid- 
ered. Alternatively, these patients can also be treated with steroids and 
the response assessed. If proteinuria does not clear after 6-8 weeks of 
therapy, renal biopsy is then indicated. The choice of 8 mg/kg/day of 
proteinuria is arbitrary; the International Study of Kidney Disease 
in Children (ISKDC) definition of proteinuria is 8 mg/m*/hour, and 
nephrotic syndrome is defined as 40 mg/m’/hour. Hence, for an 
average 8-year-old patient who weighs 30 kg and is 1 m° tall, protein- 
uria by these definitions is a level of 96 mg/day, and nephrotic syn- 
drome is at a level of 960 mg/day. Renal biopsy can be considered at a 
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TABLE 19.8 Nephrotic Syndrome in Children Caused by Genetic Disorders of Podocytes 


Name Location Inheritance Renal Disease 

NEPHRIN 41512 AR FINNISH CONGENITAL NEPHROSIS 

PODOCIN 1q25.2 AR NEPHROTIC SYNDROME, STEROID-RESISTANT 
PHOSPHOLIPASE C, EPSILON-1 10q23.33 AR NEPHROTIC SYNDROME, EARLY-ONSET, TYPE 3 


Wilms tumor supressor gene (yous AD NEPHROTIC SYNDROME, TYPE 4 / Denys-Drash with 
diffuse mesangial sclerosis / Frasier syndrome 


LAMININ, BETA-2 3p21.31 AR NEPHROTIC SYNDROME, TYPE 5, WITH OR WITHOUT 
OCULAR ABNORMALITIES 


GLOMERULAR EPITHELIAL PROTEIN 1 12p12.3 AR NEPHROTIC SYNDROME, TYPE 6 


DIACYLGLYCEROL KINASE, EPSILON 022 AR NEPHROTIC SYNDROME, TYPE 7, WITH 
MEMBRANOPROLIFERATIVE 
GLOMERULONEPHRITIS 


ARHGDIA RHO GDP-DISSOCIATION INHIBITOR ALPHA azar NEPHROTIC SYNDROME, TYPE 8 

ADCK4 AARF DOMAIN-CONTAINING KINASE 4 10q13.2 NEPHROTIC SYNDROME, TYPE 9 

EMP2 EPITHELIAL MEMBRANE PROTEIN 2 16p13.3 NEPHROTIC SYNDROME, TYPE 10 
NUP107 NUCLEOPORIN KD107 12q15 NEPHROTIC SYNDROME, TYPE 11 
NORIS NUCLEOPORIN, 93-KD 16q13 NEPHROTIC SYNDROME, TYPE 12 
NUP205 NUCLEOPORIN 79433 NEPHROTIC SYNDROME, TYPE 13 
LMX1B LIM-homeodomain protein 9q34 Nail-Patella Syndrome 


SMARCAL 1 SW1/SNF2-related, matrix-associated, 2q35 schimke immunoosseous dysplasia with FSGS* 
actin-dependent regulator of chromatin, 
subfamily a-like 1 


*Podocyte expression of SWARCAL7 is presumptive but not yet established. Mutations in another protein, CD2-AP or NEPH1 (a novel protein 
structurally related to nephrin), is the cause of congenital nephrotic syndrome in mice. A mutational variant in the CD2AP gene has been 
identified in some patients with steroid-resistant nephrotic syndrome. 

AD, autosomal dominant; AR, autosomal recessive; FSGS, focal segmental glomerulosclerosis. 

Modified from Eddy AA, Symons JM. Nephrotic syndrome in childhood. Lancet. 2003;362:629-638. 
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FIGURE 19.2 Algorithm for age-based management of proteinuria. 
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level of 240 mg/day of proteinuria. This guideline helps avoid a biopsy 
for the patient with minimal proteinuria but does not require full- 
blown nephrotic syndrome to develop before a definitive work-up is 
initiated. Because the patient has isolated proteinuria, membranopro- 
liferative glomerulonephritis (MPGN) or SLE is an unlikely possibility. 
However, the incidence of focal segmental sclerosis is much higher in 
adolescents than in younger children. With the possibility of treatment 
with cyclosporine and/or ACE inhibitors preventing future renal 
failure, aggressive evaluation is warranted to identify patients who 
might benefit from these therapies. 

Low molecular protein, such as [{2-microblobulin, œl- 
microglobulin, lysozyme, and retinol-binding protein can be seen in 
urine in tubular disorders, such as Fanconi syndrome or Dent disease. 
If associated with acidosis, hypokalemia, and hypophosphatemia, 
Fanconi syndrome should be considered. In males, if proteinuria is 
associated with hypercalciuria and nephrocalcinosis, Dent disease, an 
X-linked proximal tubulopathy that eventually leads to end-stage renal 
disease, should be considered, and the urine should be tested for B2- 
microblobulin. Gene testing can confirm the diagnosis. 


The presence of protein in the urine increases the risk of renal 
insufficiency, regardless of its cause. This has led to therapies that 
reduce proteinuria, thereby decreasing the risk of a progressive loss of 
renal function. The traffic of protein across the glomerular capillary 
membrane appears to stimulate a cascade of inflammatory events that 
cause interstitial fibrosis. ACE inhibitors result in efferent arteriolar 
vasodilatation, leading to a decrease in intraglomerular pressure, which 
in turn leads to a decreased transport of protein across the glomerular 
filter. Patients who are treated with ACE inhibitors are less likely to 
increase their level of proteinuria and are less likely to lose their renal 
function than are patients who are not treated with these agents. This 
was first apparent in the treatment of diabetic nephropathy, but there 
is evidence that ACE inhibitors offer advantages to patients with other 
nephropathies as well. Angiotensin II blockers offer another avenue for 
accomplishing a decrease in intraglomerular pressures, and these also 
decrease proteinuria when used alone or in conjunction with an ACE 
inhibitor. ACE inhibitors and angiotensin II blockers may be useful for 
patients with proteinuria either as a lst step or as adjunctive therapy 
for those who fail to respond to other medications. 


Asymptomatic proteinuria may be associated with nonspecific febrile 
benign illnesses, postural mechanisms, and glomerular or tubular dys- 
function. Significant proteinuria with edema suggests nephrotic syn- 
drome, which in most children suggests minimal change nephrotic 
syndrome. An age younger than 1 year or older than 10 years plus 
significant hematuria, azotemia, and hypertension are red flags that 
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suggests a cause of nephrosis other than the more benign minimal 
change disease. Additional red flags include a poor response to pred- 
nisone therapy and signs of multiple organ system involvement by a 
primary systemic disease, such as SLE. Fever and abdominal pain in a 
patient with nephrotic syndrome should suggest spontaneous primary 
bacterial peritonitis. 
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Hematuria is a common issue faced by primary physicians who care 
for children. While it can cause great anxiety in the patient and family 
when it presents as gross hematuria, rarely does hematuria alone 
herald a serious illness during childhood. Indeed, despite thorough 
evaluation, no cause can be found in a large percentage of children 
who have hematuria. Nearly 40% of children who present with gross 
hematuria and 80% of patients with persistent, isolated microscopic 
hematuria have no identifiable cause despite a thorough investigation. 
This raises the question of how much investigation should be per- 
formed on a child who presents with hematuria, particularly if it is 
isolated microscopic hematuria because the evaluation can be costly 
and at times invasive. 

How extensive an evaluation is appropriate depends much on the 
context. Those children who present with gross hematuria or micro- 
scopic hematuria with associated signs or symptoms deserve a thor- 
ough evaluation. These two groups contain those more likely to have 
an identifiable cause and include the subset that has an acute or poten- 
tially serious illness that can progress to significant morbidity or 
sequelae if not identified and treated. Associated symptoms and signs 
that indicate the need for prompt evaluation include other urinary or 
systemic symptoms that led to testing the urine for blood, and findings 
of hypertension, edema, poor growth, fever, or other systemic signs at 
presentation. 

The more difficult question is how much testing is required of an 
apparently healthy child discovered to have isolated microscopic hema- 
turia on routine screening urinalysis. Thorough testing of such a child 
with no symptoms, a normal physical examination, and no significant 
family history of kidney disease rarely identifies a cause of hematuria. 
Therefore, the utility of performing a screening urinalysis in children, 
with the potential attendant costly and usually uninformative addi- 
tional investigation, has long been questioned. The American Academy 
of Pediatrics does not recommend screening urinalysis for early 
school-aged children. It is reasonable to screen children who have a 
significant family history of kidney disease, particularly if there is a 
family history of hereditary nephritis. 


GROSS HEMATURIA 


Gross hematuria, defined as blood in the urine visible to the naked eye, 
is a dramatic symptom that is usually brought to medical attention, 
unless an older child with the symptom is too frightened to bring it to 
the attention of the parents. Carefully defining the appearance of the 
urine can be the first and a major clue to the origin of the blood. 
Hematuria emanating from a nonglomerular, lower urinary tract 
source can present as frankly bloody urine varying in color from dark 
red, cherry, or pink-tinged urine. On occasion, lower tract hematuria 
can result in passing blood clots. Seeing blood in the urine only on 
initiation or at termination of voiding is an additional clue that the 
source is from the lower tract. Blood seen at the urethral meatus or 
only on initiation of voiding suggests a urethral source. In contrast, 
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hematuria originating from a glomerular source more often presents 
with description of other color changes in the urine, such as brown-, 
cola-, tea-, or on occasion, even green-colored urine. 

The first step when presented with this symptom is to perform a 
urinalysis. If no hemoglobin is found on macroscopic urinalysis, then 
causes of urine discoloration other than hematuria need to be consid- 
ered (‘Table 20.1). One fairly common presentation that can be particu- 
larly frightening to a parent is finding a pink or red-tinged wet diaper, 
thought to be blood in the urine. This most often is from a simple 
benign entity commonly called red diaper syndrome, caused by pre- 
cipitation of urate crystals in the diaper. A macroscopic urinalysis 
negative for heme indicates this to be the most likely cause, and in an 
otherwise healthy infant, no further investigation is warranted. 

If red blood cells are found in the urine of a child with a history 
suggestive of gross hematuria, then evaluation for potential causes is 
needed (Tables 20.2 and 20.3 and Fig. 20.1). The first step is a thorough 
history and physical examination. 


$ History 


Development of pain with the onset of hematuria usually indicates a 
lower urinary tract source. Irritative symptoms, such as dysuria, 
urgency, or frequency can be seen in bleeding from the bladder from 
a variety of causes. Although not a typical feature of urinary tract 
infection (UTI), the most common identifiable cause of gross hema- 
turia is a UTI, and is usually accompanied by significant dysuria or 
abdominal pain, and sometimes fever. Severe and episodic or colicky 
flank or abdominal pain should raise suspicion for urolithiasis, which 
may have accompanying dysuria as the stone is being passed. Urinary 
tract obstruction, such as posterior urethral valves in boys or uretero- 
pelvic junction obstruction in either sex, may remain occult until 
infection or trauma causes hematuria. In the former, the only preced- 
ing symptoms may be a boy who voids only infrequently, commonly 
strains to void, or has ongoing urinary incontinence beyond the 
toddler years. Bleeding from renal tumors is an uncommon cause of 
gross hematuria in children, but should be considered particularly in 
the setting of associated abdominal pain, a palpable mass, or passing 
of blood clots. 

Gross hematuria due to glomerular disease is rarely accompanied 
by significant pain, though some may report mild abdominal pain 
or flank discomfort. An exception is Henoch-Schénlein purpura, a 
common pediatric systemic vasculitis, which can have variable, includ- 
ing severe, gastrointestinal disease. Clues to underlying glomerular 
disease may be a recent history of pharyngitis, streptococcal skin 
infection, or other febrile illnesses, indicating possible acute post- 
infectious glomerulonephritis. Patients with glomerulonephritis or 
renal insufficiency may report shortness of breath, edema, or weight 
gain from fluid retention. They may also have a headache or visual 
changes secondary to severe hypertension. Abdominal pain, diarrhea, 
hematochezia, rash, and arthralgias are symptoms indicative of a 
systemic vasculitis, such as Henoch-Schoénlein purpura (HSP). 
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Recurrent, painless gross hematuria is often seen in young patients 
with IgA nephropathy in association with concurrent respiratory 
illness. Recurrent fever, weight loss, alopecia, mouth ulcers, chest pain, 
fatigue, and arthritis suggest systemic lupus erthythematosis. Hemop- 
tysis or cough is seen in pulmonary-renal syndromes caused by anti- 
neutrophil cytoplasmic antibody (ANCA) associated disease, and on 
occasion in lupus and HSP. 

The patient’s medical history may be most informative. Stressed 
neonates from birth asphyxia, infection, or volume depletion can 


TABLE 20.1 Urine Discoloration from 
Sources Other Than Hematuria 


Pink, Red, Cola-Colored, Burgundy 
Disease Associated 

Hemoglobinuria* 

Myoglobinuria* 


Porphyrinuria 


Associated with Drug or Food Ingestion 
Aminopyrine Nitrofurantoin 
Anthocyanin Phenazopyridine 
Azo dyes Phenolphthalein 
Beets Pyridium 
Blackberries Red food coloring 
Chloroquine Rifampin 
Deferoxamine mesylate Rhodamine B 
lron sorbitol Rhubarb 
Methyldopa sulfasalazine 
Urates 


Dark Brown, Black 


Disease Associated 
Alkaptonuria 
Homogentisic aciduria 
Melanin 


Methemoglobinemia 
Tyrosinosis 
Bile pigments 


Associated with Food or Drug Ingestion: 
Alanine 
Cascara 


Resorcinol 
Thymol 


*Heme tests positive. 


develop renal vein thrombus that presents as gross hematuria. Patients 
with African ancestry should be queried for personal or family history 
of sickle cell hemoglobinopathy, since gross hematuria from renal pap- 
illary necrosis can occur in those with sickle cell disease as well as in 
children with simple sickle cell trait. Medication history can uncover 
a cause of gross hematuria from drug-induced interstitial nephritis, 
seen with several antibiotics, anticonvulsants, or nonsteroidal antiin- 
flammatory drugs, the latter of which can also cause papillary necrosis. 
Cyclophosphamide can cause a severe hemorrhagic cystitis, which 
usually has concomitant prominent bladder symptoms. 

A history of frequent or severe bleeding from other sites, such as 
heavy menses, prolonged nosebleeds, hemarthroses, or significant 
bleeding associated with surgical procedures suggests an undiagnosed 
bleeding disorder. Exposure history to tuberculosis should be obtained, 
as well as a travel history, as parasitic infections such as schistosomiasis 
of the bladder, uncommon in Western societies, is common in other 
parts of the world. Questions specific to other potential sources of 
blood in the urine include those directed at foreign body from self- 
instrumentation of the urethra, trauma, sexual abuse, and menstrua- 
tion. Extreme sports activities such as running a marathon or long 
distance cycling can cause gross hematuria. 

Review of the family history is important to uncover hereditary 
nephritis, hereditary cystic kidney disease, or potential benign familial 
hematuria. A family history of kidney disease leading to end-stage 
renal failure, especially if in men in multiple generations and if not 
clearly due to diabetes mellitus, would suggest Alport syndrome, the 
most common cause of hereditary nephritis. Alport syndrome is an 
X-linked recessive disorder that may cause gross hematuria in child- 
hood although more often it is microscopic. When gross hematuria 
occurs in Alport syndrome, it is often triggered by any infectious 
process such as a common cold. The gross hematuria then subse- 
quently clears, but microscopic hematuria is a persistent finding. The 
early clinical features of hereditary nephritis can be exactly the same 
as benign familial hematuria, but then evolve to develop other features. 
Early in the course of the disease, there is no associated proteinuria, 
but that feature develops later, often in childhood as the nephritis 
progresses. Hearing loss is a common but variable feature of Alport 
syndrome that tends to run in affected families. Female family members 
who are carriers usually have persistent and isolated hematuria 
that does not progress, but on occasion may develop progressive 
nephritis. 


TABLE 20.2 Laboratory Testing in Suspected Glomerulonephritis 


Symptoms 

History of preceding pharyngitis, URI, or impetigo 

Arthralgia, purpura, pedal edema, abdominal pain, 
hematochezia 


Arthritis, rash, fever, oral ulcers, weight loss, 
alopecia, weakness, central nervous system 
symptoms, other systemic symptoms 


Family history of renal failure, hearing loss, hematuria 


Recurrent, painless gross hematuria 
Hemoptysis, cough, fevers 
Rash, sinus disease, hemoptysis, systemic symptoms 


Suspected Glomerulonephritis 
Acute postinfectious GN 
Henoch-Schénlein purpura 


systemic lupus erythematosus 


Familial nephritis—Alport syndrome 
IgA nephropathy 

Goodpasture syndrome 
ANCA-associated vasculitis 


Laboratory 
C3, C4 complement (low C3, normal C4) 
Skin biopsy 


C3, C4 (both low) 
ANA, anti-ds DNA (both high) 


Audiogram, slit lamp exam, genetic testing 
None (kidney biopsy) 

anti-GBM Ab 

ANCA 


*All patients: serum creatinine, electrolytes, complete blood count, random urine protein:creatinine ratio, 24-hr urine collection for protein. 
Ab, antibody; GN, glomerulonephritis; URI, upper respiratory infection; ANA, antinuclear antibody; anti-ds (native) DNA, anti-double stranded DNA 
antibody; anti-GBM, anti-glomerular basement antibody; ANCA, antineutrophil cytoplasmic antibody. 


TABLE 20.3 Causes of Gross 
Hematuria in Children 


Glomerular 


Primary 

Acute postinfectious glomerulonephritis 

IgA nephropathy* 

Mesangial proliferative glomerulonephritis 
Membranoproliferative glomerulonephritis 

Familial nephritis (Alport syndrome) 

Benign familial hematuria - thin basement membrane disease 
Rapidly progressive glomerulonephritis 


Systemic 

Henoch-Schonlein purpura 

systemic lupus erythematosus 
Hemolytic uremic syndrome 
ANCA-associated vasculitis 
Goodpasture disease (rare in childhood) 
Bacterial endocarditis 


Interstitial Disease 

Pyelonephritis 

Acute interstitial nephritis 

Polycystic kidney disease (autosomal dominant) 


Vascular 

Trauma 

sickle cell disease and trait 

Renal artery/vein thrombosis 
Arteriovenous malformation 

Nutcracker syndrome 

Sports- and exercise-induced hematuria 
Hemangioma/hamartoma 


Neoplastic 

Wilms tumor 

Renal cell carcinoma 
Uroepithelial tumors 

Rhabdoid tumors 

Congenital mesoblastic nephroma 
Angiomyolipoma 


Urinary Tract 
Cystitis 
Bacterial 
Viral (adenovirus) 
Parasitic (schistosomiasis) 
Tuberculosis 
Cyclophosphamide 
Urethritis 
Urolithiasis 
Idiopathic hypercalciuria without urolithiasis 
Trauma 
Hydronephrosis, severe 
Foreign body 


Bleeding Disorders 

Hemophilia A or B 

Platelet disorder 

Thrombocytopenia 

Coagulopathy, congenital or acquired 


*Common cause of asymptomatic gross hematuria. 
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Benign familial hematuria and familial thin basement membrane 
nephropathy are also responsible for both microhematuria and gross 
hematuria. The primary difference in family history that separates 
benign familial hematuria from progressive hereditary nephritis is that 
members of sequential generations of the family with benign familial 
hematuria, either male or female, have persistent isolated hematuria 
that never progresses to significant renal disease. The genetics of 
benign familial hematuria due to thin basement membrane nephropa- 
thy has been defined and includes mutations that are identical to those 
seen in some patients with autosomal recessive forms of progressive 
hereditary nephritis. Patients with thin basement membrane nephrop- 
athy, or benign familial hematuria, may be carriers of genes that cause 
autosomal recessive Alport syndrome. 

Patients with autosomal dominant polycystic kidney disease 
(ADPKD) may present initially with gross hematuria from spontane- 
ous bleeding into the macrocysts. Because the course of ADPKD can 
vary widely from one generation to the next, with some members 
having very mild disease with minimal clinical features until late adult- 
hood, the family history of the disease may not be apparent on pre- 
sentation. Early onset of hypertension, during youth or young 
adulthood in a parent of an affected child, may be the only clue to a 
family member being affected by ADPKD. 

Gross hematuria is a presenting complaint in 15% of children with 
urolithiasis. Kidney stone disease can be familial and in some cases 
related to specific genes, as in X-linked recessive nephrolithiasis (Dent 
disease) or primary hyperoxaluria. Therefore, family history of early- 
onset nephrolithiasis, especially in siblings, should be sought in chil- 
dren presenting with gross hematuria and symptoms or imaging that 
indicate kidney stone disease as the cause. A family history of a bleed- 
ing disorder such as hemophilia or platelet disorders should be sought. 


® Physical Examination 


The initial focus of the physical examination should be for evidence of 
systemic disease for which the hematuria is one manifestation, and for 
potential sequelae of renal disease. Accurate measurement and atten- 
tion to blood pressure, recognizing age differences in blood pressure, 
is critical. Hypertension may be the sole feature on physical examina- 
tion that indicates underlying acute glomerulonephritis, or chronic 
kidney disease from several causes. The finding of edema in this 
context is highly suggestive of underlying renal parenchymal disease, 
either acute or chronic, with likely accompanying renal insufficiency. 
Poor growth or failure to thrive may indicate chronic renal disease. 
Pallor, fever, rashes, or musculoskeletal findings suggest systemic vas- 
culitis with renal involvement from diseases such as HSP, SLE, or less 
often, ANCA-associated disease. Examination of the abdomen may 
reveal abdominal or flank masses that could be tumors, cystic kidneys, 
or urinary obstruction. The most common renal tumor in childhood, 
typically seen in young children (ages 1-4 years), is Wilms tumor, 
though other types occur. Hydronephrosis or enlarged cystic kidneys 
may be palpable. Suprapubic tenderness may indicate bladder infec- 
tion, stone, or other less common causes of bladder pathology as the 
source of blood. The genitalia may need to be inspected for blood at 
the urethral meatus that suggests a urethral source, tears or lacerations 
due to abuse or accidents such as from straddle injuries, or to look for 
a foreign body. 


® Evaluation 

Laboratory Tests 

Macroscopic and microscopic examination of the urine is the first 
essential step in laboratory evaluation. If no heme is found on mac- 
roscopic examination, then other causes of urine discoloration need 
to be considered (see Table 20.1 and Fig. 20.1). If the urine is heme 
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Confirm hematuria with 


Dipstick negative 
STEP 1 e Urine dipstick p g P for 
e Urine microscopic examination No RBC seen pig 
Significant red blood cells (RBC) seen 
Symptoms and signs of acute nephritic Urine protein/creatinine 
STEP 2 syndrome, e.g., edema, hypertension, oliguria ratio, serum urea, creatinine, 
electrolytes, albumin 
Serum complements C3 and 
' ' : C4, ASO or anti-DNAse B 
Macroscopic hematuria: exclude preceding ANA. anti-dsDNA 
MISE. | | antibody, ANCA (if 
Isolated microscopic hematuria: repeat pulmonary hemorrhage 
STEP 3 urinalysis weekly x 2 (without exercise). present) 
Investigate if persistent hematuria. 
Urine phase contrast microscopy 
STEP 4 Urine protein/creatinine ratio 


STEP 5 


NON-GLOMERULAR 
Isomorphic RBC, no casts, no 
proteinuria 


e Urine calcium/creatinine ratio 

e Urine culture 

e Urine adenovirus culture 

e Renal ultrasound and Doppler 

e Coagulation screen (full blood count, 

PT, PI) 

e Abdominal X-ray (in cases of 

urinary tract calculi) 

e 24-hr urine calcium, uric acid, 
oxalate, cystine (in cases of renal 
calculi) 

e CT abdomen (in cases of trauma or 

tumor) 

e Magnetic resonance angiography (if 


nutcracker syndrome is suspected) 


GLOMERULAR 
Dysmorphic RBC, RBC casts, 
proteinuria 


e Serum urea, creatinine, electrolytes 

e 24-hr urine protein and creatinine 
clearance 

e Serum complements C3 and C4 

e Serum IgA 

e Renal ultrasound 

e Test parents and siblings for 
hematuria 

e Consider audiology 

e Consider renal biopsy if indicated 


Investigations normal 
Intermittent hematuria 


Follow up with yearly urinalysis 


FIGURE 20.1 Algorithm for investigating hematuria. ANA, antinuclear antibody; ANCA, antineutrophil cyto- 
plasmic antibody; ASOT, antistreptolysin titer; CT, computed tomography; IgA, immunoglobulin A; PT, pro- 
thrombin time; PTT, partial thromboplastin time. (From Yap HK, Lau PYW. Hematuria and proteinuria. In: 
Geary DF, Schaefer F, eds. Comprehensive Pediatric Nephrology. Philadelphia: Elsevier; 2008:183.) 


positive on macroscopic examination, but no red cells are found 
on microscopic examination of the urine sediment, then myoglobin- 
uria or hemoglobinuria need to be considered as the possible source, 
since rhabdomyolysis and acute hemolysis are both potential life- 
threatening diseases that require immediate attention. If urine is heme 
positive but no red cells are seen, and there is no evidence for rhab- 
domyolysis or acute hemolytic disease, then other reasons for the 
findings need to be considered. Urine test strips can on occasion be 
falsely positive for blood if the urine is infected with peroxidase- 
producing bacteria. More likely is that red cells were present but lysed 
in urine that either was very dilute or was held for an extended time 
before microscopic examination was performed. Finding red cell casts 
in a resuspended pellet of spun urine (centrifuged 3-5 minutes at 
1500-2000 rpm) under high-power field is a clear indication that the 
source of hematuria is glomerular. While the specificity of this finding 
in localizing the source to the glomerulus is high, the sensitivity of 
finding red cell casts in the hands of clinical labs is low. When red 
cell casts have been found in the urine sediment by experienced 
nephrologists, clinical laboratory reports of finding RBC casts in the 
urine of the same patients is very low. Unless the urine is thoroughly 
examined by an experienced clinician, the lack of RBC casts in a lab 


report does not lower the chance the patient might have a glomerular 
source of the hematuria. Another finding on microscopic examination 
of the urine sediment that suggests a glomerular source is the pres- 
ence of a significant number of dysmorphic red cells (see Fig. 20.1). 
This finding requires careful inspection of erythrocyte morphology 
and is best done with a phase-contrast microscope. Clinical labs do 
not report the number of dysmorphic red cells present, in part because 
differentiating dysmorphic RBCs from simple crenated RBCs (a result 
of osmotic shrinkage of RBCs) takes an experienced eye. Keeping 
these caveats in mind, if an experienced clinician finds RBC casts or 
a significant number of dysmorphic RBCs in a patient with hematuria, 
subsequent testing can be focused on identifying potential glomerular 
causes of hematuria, avoiding unnecessary, costly, or potentially inva- 
sive imaging procedures. 

An additional feature of urinalysi that may help guide to the 
source of the red cells include the presence of proteinuria. Gross 
hematuria from lower tract bleeding can result in urine positive for 
protein, particularly if any lysis of urinary red cells occurs, but usually 
is <2+ proteinuria by dipstick reading. Anything greater than 2+ 
proteinuria should raise suspicion of glomerular disease, especially if 
the hematuria is only microscopic. Bacteria and significant pyuria 


suggest pyelonephritis or cystitis, but pyuria can also be a feature of 
acute suppurative glomerulonephritis. Quantification of the gross 
hematuria using a “urocrit,’ with a result >1% can indicate lower 
tract bleeding. 

All patients with suspected glomerulonephritis or suspected 
chronic kidney disease should have prompt assessment of their renal 
function with a serum creatinine, and a complete blood count. Sero- 
logic studies for immune-mediated glomerulonephritis should be per- 
formed including complement levels (C3, C4), antinuclear antibody, 
and anti-double-stranded DNA antibody. Antineutrophil cytoplasmic 
antibody titers (ANCA) and anti-glomerular basement membrane 
antibody titers should also be obtained if vasculitis or pulmonary renal 
syndromes are suspected (see Table 20.2 and Fig. 20.1). 

The diagnosis of most cases of postinfectious glomerulonephritis 
(GN) can be made clinically. The diagnosis of HSP is also made clini- 
cally, but skin biopsy of purpuric lesions demonstrating vasculitis with 
predominantly IgA deposits can be supportive evidence. A kidney 
biopsy is often needed to define other forms of glomerulonephritis, 
especially primary, idiopathic glomerulopathies. In addition, even if 
the diagnosis of vasculitis is made on clinical and serologic criteria, 
staging of the severity of renal disease with renal pathology, such as in 
SLE, HSP, or ANCA-positive disease, is important for guiding therapy. 
High levels of proteinuria are often an indication to obtain a kidney 
biopsy to provide a diagnosis or stage the severity of the lesion in 
several forms of glomerulonephritis. The degree of proteinuria can 
be assessed with a 24-hour urine collection, or with a spot urine 
protein: creatinine ratio (see Chapter 19). 

A urine culture is indicated in patients with any bladder symptoms, 
fever, flank pain, or abdominal pain. Gross hematuria can also be seen 
with nonbacterial infections such as tuberculosis, adenovirus, or schis- 
tosomiasis. In immunocompromised patients, BK polyoma virus can 
cause prominent cystitis. 

Idiopathic hypercalciuria can be a cause of gross hematuria. It is 
characterized by excessive urinary calcium excretion in the absence of 
hypercalcemia or other known causes of hypercalciuria (Table 20.4). 
The hematuria is thought to be secondary to calcium oxalate and 
phosphate crystals adhering to urothelium. The risk of developing 
kidney stones is not known. Although often asymptomatic, hypercal- 
ciuria is also implicated in causing urinary symptoms including 
abdominal and flank pain. Therefore, in a patient who has any such 
symptom concomitant with gross hematuria, especially if UTI and 
anatomic causes of hematuria are ruled out, urinary calcium should 
be measured. 

Hypercalciuria is defined by a 24-hour urine for calcium excretion 
>4 mg/kg/day. A spot urine calcium: creatinine ratio of >0.22 is con- 
sidered abnormal in the older child and adolescent, but normal values 
may be significantly higher in younger children, especially those less 
than 7 years of age. 


Imaging and Cystoscopy 


Renal imaging with noninvasive ultrasonography is recommended 
in all cases of gross hematuria, unless strong evidence for glomeru- 
lonephritis is found on clinical grounds as detailed earlier. Ultrasound 
is excellent in children to investigate potential urologic and congenital 
abnormalities, as well as certain genetic diseases including polycystic 
kidney disease and those causing nephrocalcinosis, such as Dent 
disease. The ultrasound should include imaging of the bladder, which 
can identify rare bladder tumors, as well as find evidence of obstruc- 
tive urologic disease. Ultrasound can also provide some evidence 
for renal parenchymal disease. Enlarged, echogenic kidneys with poor 
corticomedullary differentiation may be seen in significant glomerular 
or interstitial nephritis. Nephrolithiasis or calcinosis may be found 
on ultrasound, as well as hydronephrosis secondary to urinary 
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TABLE 20.4 Causes of Hypercalciuria 


Physiologic Stimuli to Calcium Excretion 
sodium excretion 

Acidosis 

Hypophosphatemia 


Increased Filtered Load 
Hypercalcemia (hyperparathyroidism, dietary, vitamin D excess) 
Excess calcium administration 


Impaired Renal Tubular Reabsorption of Calcium 

Loop diuretics 

selective tubular defects 

Bartter syndrome 

Hereditary hypophosphatemic rickets with hypercalciuria 

syndrome of hypercalciuria, normocalcemia, growth retardation, polyuria, 
and proteinuria (Dent disease) 

Renal tubular acidosis 

Fanconi syndrome 


Idiopathic Hypercalciuria 
Absorptive 
Renal leak 


Hypercalciuria of Unknown Cause 
Medullary sponge kidney 

Diabetes mellitus 

syndrome associated with total parenteral nutrition 


From Milliner DS, Stickler GB. Hypercalcemia, hypercalciuria, and 
renal disease. In: Edelmann CM, ed. Pediatric Kidney Disease. 2nd 
ed. Boston: Little, Brown; 1992:1661-1687. 


obstruction from lower tract kidney stones. Urolithiasis may be 
missed on ultrasound; if the history and examination are highly 
suggestive of a stone as the source of the hematuria, a CT scan is 
then necessary. 

Computed tomography (CT) imaging is most useful to identify 
kidney stones (using the helical technique) and is the primary indica- 
tion to perform this study. CT also provides detailed images of the 
bladder, pelvis, and retroperitoneum when looking for masses. Angio- 
gram of the kidney may be necessary to identify an arteriovenous 
malformation of the kidney. 

Cystograms generally have no major role in the evaluation of gross 
hematuria unless there is ultrasound evidence of bladder outlet 
obstruction from unrecognized urethral valves, or an unusual mass 
such as a urothelial tumor, rhabdomyosarcoma, or fibromatous polyp. 
Cystoscopy is rarely indicated in the usual evaluation of hematuria in 
children. However, if passing blood clots is part of the presentation, or 
if renal and bladder ultrasound shows a bladder mass or an obstructive 
lesion, cystoscopy may then be definitive in diagnosing bladder and 
ureteral sources of bleeding and provides an opportunity to obtain 
tissue for diagnosis. Cystoscopy may also be helpful to look for unilat- 
eral bleeding from one ureter, which can be seen with renal papillary 
necrosis, or more uncommon lesions such as vascular malformations 
of the bladder or ureter, all of which can be difficult to define by 
radiologic methods. 


MICROSCOPIC HEMATURIA 


While thorough evaluation of gross hematuria is always warranted, 
how far to proceed with the evaluation of microscopic hematuria can 
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be a difficult question. Much depends on the context in which the 
microscopic hematuria was identified. Thorough evaluation of micro- 
scopic hematuria identified on a screening urinalysis at a well-child 
visit rarely reveals an etiology. One exception is when there is a family 
history of renal disease known or suggestive to be from hereditary 
nephritis. In that context, particularly if in a pattern indicative of 
Alport disease where there can be associated hearing loss, performing 
a screening urinalysis to determine whether a child may be affected is 
reasonable. The lack of any hematuria in an older child effectively rules 
out that child having hereditary nephritis. If microscopic hematuria is 
found, additional noninvasive study can help define whether a child 
has Alport disease, including audiometry to evaluate for subclinical 
high frequency hearing deficit and examination by an ophthalmologist 
who can identify retinal or lens abnormalities that are characteristic of 
Alport disease. If no hearing or ophthalmologic abnormalities are 
found, and if proteinuria accompanies microscopic hematuria in a 
child from a family affected by hereditary nephritis, further investiga- 
tion may include collagen IV gene sequencing or kidney biopsy. 

When microscopic hematuria is found on urinalysis performed 
because of symptoms or signs, further evaluation is then indicated. If 
the presentation was with urinary symptoms or abdominal or flank 
pain, urine culture and imaging of the urinary tract, first with ultra- 
sound to include the bladder, is the first step. If those tests are not 
revealing, and particularly if abdominal or flank pain is colicky, 
abdominal CT scan with kidney stone protocol is then indicated. If 
imaging studies are normal and urine culture is negative, evaluation 
for idiopathic hypercalciuria may then be pursued. 

Abnormalities on physical examination that led to a urinalysis 
being performed should drive further evaluation for underlying intrin- 
sic kidney disease. Specifically, if hypertension, edema, or failure to 
thrive triggered the urinalysis, blood tests to assess kidney function and 
complete blood count should be performed. If acute glomerulonephri- 
tis is suspected because of prodromal illness, hypertension, or edema, 
blood complement C3 and C4 levels should also be measured. If other 
symptoms or signs suggest possible systemic vasculitis, testing for 
lupus or ANCA-associated disease should then be considered. If the 
patient has had poor growth suggesting a chronic process, or support- 
ive evidence for acute nephritis is lacking, renal ultrasound may iden- 
tify small kidneys indicating a chronic nephropathy, obstructive 
nephropathy, or cystic kidney disease as the etiology. 


MORE COMMON CAUSES OF HEMATURIA 
Postinfectious Glomerulonephritis 


Gross hematuria appearing 5 days to 4 weeks after a febrile illness sug- 
gests a diagnosis of acute postinfectious glomerulonephritis (PIGN), 
the most common form of acute nephritis in childhood. The typical 
child with PIGN is school age. The classical findings are hematuria, 
oliguria, edema, some level of renal insufficiency, and hypertension. It 
is not uncommon for PIGN to be asymptomatic, and hypertension 
may not be a feature at initial presentation. The child with suspected 
PIGN requires close follow-up including monitoring for the develop- 
ment of hypertension, since severe symptomatic hypertension is a 
common sequela of acute PIGN. 

PIGN is a self-limited disease that in the vast majority of cases 
resolves without the development of chronic kidney disease or estab- 
lished hypertension. Microscopic hematuria is present in virtually all 
cases; gross hematuria is present in about 30%. The urine is commonly 
described as smoky or tea- or cola-colored. The gross hematuria 
usually disappears in 3-5 days; proteinuria disappears in several weeks, 
and microscopic hematuria resolves in months to 1 year. Group A 
streptococcal (GAS) infection is the most well-defined cause, described 


in up to 80% of patients with PIGN, with the triggering infection being 
either pharyngeal or impetiginous. Other infectious agents have also 
been implicated in causing PIGN, including several other bacteria and 
viruses. 

The criteria for diagnosis of PIGN relies on defining the clinical 
picture, supported by finding glomerular hematuria (red cell casts or 
many dysmorphic RBCs) in the urine sediment by an experienced 
examiner, and a simple serologic pattern. Practitioners will commonly 
perform serologic testing for streptococcal infection, an old habit that 
is not typically informative. Serology positive for anti-streptococcal 
antibodies at presentation is neither necessary nor sufficient to confirm, 
nor does the absence of such antibodies rule out, the diagnosis of 
PIGN. Evidence of recent streptococcal infection can be helpful, and 
may be provided by positive culture for GAS in the correct time frame 
preceding onset of nephritis. Most important is testing C3 serum 
complement level at presentation. In nearly all cases of PIGN, C3 level 
is low at presentation, then returns to normal by 6-12 weeks after 
presentation, as the nephritis spontaneously resolves. If the serum C3 
level does not return to normal, other causes of nephritis need to be 
considered, including lupus nephritis, membranoproliferative glomer- 
ulonephritis (MPGN), or C3 nephropathy. The complement pattern 
in active lupus nephritis often is a low C4 along with the low C3 level. 
In MPGN or C3 nephropathy, C4 is usually normal with persistently 
low C3. If C3 level is normal at presentation of glomerulonephritis, 
other etiologies need to be considered, including several idiopathic 
forms that may only be diagnosed by kidney biopsy (see Tables 20.2 
and 20.3). 

Therapy for postinfectious GN is symptomatic, with particular 
attention to hypertension. Early treatment of the streptococcal infec- 
tion does not prevent development of nephritis. The acute complica- 
tions from PIGN are principally from hypertension and may include 
seizures, hypertensive encephalopathy, and heart failure. The prognosis 
of PIGN is excellent. Mortality is low at ~0.5%. While some level of 
renal insufficiency is typical, fulminant renal failure is uncommon. 
Complete recovery occurs in over 95% of patients, with an occasional 
patient developing rapidly progressive, crescentic GN or indolent 
chronic GN that progresses to end-stage kidney disease. Recurrent 
hematuria and proteinuria can occur in patients who have a nonspe- 
cific upper respiratory tract illness within several months following the 
episode of PIGN, but it is unusual for the other features of acute 
nephritis (hypertension and renal insufficiency) to recur. 


Immunoglobulin A (IgA) Nephropathy 


Recurrent episodes of painless, gross hematuria are a common presen- 
tation of childhood IgA nephropathy. This form of glomerulonephritis 
is common in both children and adults, with the mean age of presenta- 
tion in children being 9-10 years. Episodes of gross hematuria are 
triggered by upper respiratory illnesses, but in contrast to postinfec- 
tious GN where the illness precedes onset of hematuria, in IgA 
nephropathy the illness is concurrent with onset of gross hematuria. 
Serum complement is normal. Serum IgA levels have been found to be 
elevated in only 8-16% of affected children, so are not helpful in the 
diagnosis. Confirmation of the diagnosis is possible only by renal 
biopsy demonstrating immune deposits of primarily IgA in glomeruli, 
principally in the mesangium. A wide range of histologic glomerulopa- 
thy can be found in IgA nephropathy, ranging from mild mesangial 
proliferation to crescentic, rapidly progressive GN. Most cases of IgA 
nephropathy have a benign pattern, with recurrent episodes of gross 
hematuria during illnesses, followed by complete resolution of gross 
hematuria within days. Between episodes, the urine may be free of 
blood or may show persistent microscopic hematuria but lack of pro- 
teinuria. This benign pattern commonly does not progress nor require 
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(See Nelson Textbook of Pediatrics, Fig. 511-3.) 


treatment. However, the disease is quite variable between patients, 
with some developing acute nephritic symptoms, acute renal failure, 
nephrotic syndrome, or progression to end-stage kidney disease in up 
to 10% of affected children. No specific therapy exists for IgA nephrop- 
athy, but an extended course of steroid therapy can be beneficial for 
patients with more severe forms of IgA nephropathy, including those 
with acute nephritic syndrome or nephrotic-range proteinuria. 


Hereditary Nephritis 


A family history of renal disease with progression to renal failure, 
restricted to male members of the family on the maternal side, suggests 
a diagnosis of Alport syndrome, an X-linked recessive nephropathy. 
Affected patients uniformly have some level of hematuria beginning at 
an early age, even in infancy. The majority of affected children develop 
hematuria in the school-age years. Initially the hematuria is an isolated 
finding, but as the disease progresses proteinuria develops. Often there 
is accompanying development of progressive deafness. Female 
members of the family who carry the gene usually have isolated micro- 
scopic and sometimes periodic macroscopic hematuria that does not 
progress to the other features of the syndrome. However, occasionally 
such individuals can develop progressive disease similar to male family 
members. The disease is caused by a mutation in a gene on the X chro- 
mosome that codes for a chain of collagen found in normal glomerular 
basement membranes; gene testing can help confirm the diagnosis. 
Renal biopsy provides a definitive diagnosis, which shows characteris- 
tic electron microscopic appearance of attenuation, disruption, and 
lamellation of the glomerular basement membrane. However, these 
findings may not occur until a later age when the nephropathy has 
progressed. Early findings may simply be thin glomerular basement 
membranes, which can be confused with the more benign entity, thin 
basement membrane nephropathy. No specific therapy exists, but 
treatment with an angiotensin-converting enzyme (ACE) inhibitor 
early in the course of the disease after proteinuria develops can slow the 
progression of the nephropathy. 

There is also an autosomal recessive variant of hereditary nephritis 
that has been associated with mutations in genes that code for other 
chains of collagen found in the glomerular basement membrane. Pro- 
gression of the nephropathy is similar to that of patients with the 
classical form of Alport disease. Individuals who carry a mutation in 
only one of these autosomal recessive genes may have simple, benign, 
thin basement membrane nephropathy that does not progress. 

Some patients with a more common form of familial hematuria 
demonstrate persistent microscopic and recurrent gross hematuria 
without development of significant proteinuria or deterioration of 
renal function. This is called benign familial hematuria. Evidence of 
this cause of hematuria can be obtained when urinalyses are performed 
on other family members, finding isolated microscopic hematuria in 
other members of the family. Renal biopsy demonstrates normal light 
and immunofluorescent microscopic findings. Electron micrographs 
show uniformly thin basement membranes leading to it being termed 
“thin membrane nephropathy.” It appears to be an autosomal domi- 
nant disorder; some such families have been reported to be carriers 
of mutations of collagen genes that are associated with autosomal 
recessive hereditary nephritis. This raises the possibility that benign 
familial hematuria is the hypomorphic state of progressive hereditary 
nephritis. 


Polycystic Kidney Disease 


Autosomal dominant polycystic kidney disease (ADPKD) is a 
common disorder that mainly affects adults, but development of cysts 
may well begin in childhood, and in rare cases renal cysts may be 
present at birth. Usually the cysts are asymptomatic in childhood 
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unless there is early and substantial cystic disease. Gross hematuria 
may be the first manifestation of this disorder and occurs in 50% of 
patients. It may occur spontaneously or be brought on by minimal 
trauma. The usual manifestations of the disease in adults (hematuria, 
hypertension, abdominal mass, and uremia) are seldom seen in chil- 
dren. Furthermore, adults tend to have associated problems not com- 
monly seen in affected children, including acute and chronic pain 
(60%), urinary tract infection, and nephrolithiasis (20%). With the 
widespread use of ultrasonography and CT for routine evaluation of 
acute abdominal pain, it is more common to detect early evidence of 
the disease as an incidental finding, sometimes presenting as a single 
renal cyst during childhood. Diagnosis requires finding multiple bilat- 
eral renal cysts. Because the primary gene that causes ADPKD lies near 
the gene that causes tuberous sclerosis, the two diseases occasionally 
coexist as a contiguous gene deletion syndrome. Renal involvement in 
patients with tuberous sclerosis may be isolated to renal angiomyoli- 
pomas or may also manifest PKD as well, either of which can be a 
source of gross hematuria. 

In contrast to ADPKD, autosomal recessive polycystic kidney 
disease (ARPKD) typically has early onset and evidence of renal 
disease is often found on prenatal ultrasound. If not discovered in the 
perinatal period, it may present later in infancy or early childhood as 
an abdominal mass with hypertension. Typically, the kidneys are sig- 
nificantly enlarged and have a cystic appearance different from ADPKD. 
However, it is not always possible to distinguish early-onset ADPKD 
from ARPKD on radiologic grounds. 

Nephrolithiasis can occur at any age and may cause the symptoms 
of renal colic, manifested as intense, episodic flank pain that often 
radiates to the groin. In young infants, nephrolithiasis and thus renal 
colic is rare, and may manifest as generalized irritability or abdominal 
pain. Gross hematuria has been reported in ~25% of patients with 
nephrolithiasis. The physical examination may be unrevealing; the uri- 
nalysis may contain crystals in addition to red blood cells. A high- 
resolution CT scan is the best study to confirm the presence of a stone. 
Children with nephrolithiasis should have an evaluation for a meta- 
bolic cause of their kidney stones. This begins with a 24-hour urine 
collection for calcium, urate, citrate, oxalate, cystine, and creatinine. 
The determination of creatinine excretion is important to ensure that 
an adequate collection has been obtained (a minimum of 10-15 mg/ 
kg/24 hr, depending on age and body habitus of the child). If an abnor- 
mality is found, specific therapy may prevent or delay subsequent 
complications, which can include frequently recurring stones and 
acute or chronic renal failure. 

Hypercalciuria (defined as urinary calcium levels above 4 mg/kg/ 
day) is the most common metabolic abnormality found in children 
with nephrolithiasis. Furthermore, hypercalciuria without an overt 
stone can manifest as gross hematuria with abdominal or flank pain. 
Hypercalciuria can be idiopathic or secondary to another disease, such 
as renal tubular acidosis. Therapy depends on the cause of the hyper- 
calciuria or the specific type of stone. 

Urinary tract infection is the most common identifiable cause of 
gross hematuria, with as many as 25% of children presenting with 
gross hematuria having a documented symptomatic urinary tract 
infection. Urine culture is essential for a diagnosis of urinary tract 
infection, and should be performed in all children with gross hematu- 
ria, especially if any urinary symptoms accompany. 


UNCOMMON CAUSES OF HEMATURIA 
IN CHILDHOOD 


Coagulation abnormalities and hemoglobinopathies are rarely found 
in patients with gross hematuria. Sickle cell disease is the most likely 
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cause in this category, and gross hematuria is one of the few manifesta- 
tions of the carrier state that may develop in those with sickle cell trait. 
A combination of low oxygen tension, reduced blood flow, low pH, 
and high osmolality in the renal medulla makes a hostile environment 
that induces sickling and sludging of erythrocytes there. This results 
in areas of infarction and hemorrhage and can progress to renal papil- 
lary necrosis. While the gross hematuria often is asymptomatic, if 
papillary necrosis ensues or hemorrhage from the renal medulla is 
substantial with passage of clots, acquired ureteral obstruction can 
cause significant associated flank or abdominal pain. Therapy is hydra- 
tion and rest. 

Renal vascular thrombosis, particularly renal vein thrombosis, 
may present with isolated gross hematuria. Two groups of children are 
at highest risk for this problem. The first group is sick neonates. Renal 
vascular thrombosis in this group can originate from events associated 
with perinatal stress that cause hypotension and decreased perfusion 
to the kidney, umbilical vascular catheters, trauma, hypercoagulable 
states, dehydration, or disseminated intravascular coagulation. Infants 
of diabetic mothers are more prone to renal vein thrombosis, possibly 
because of polycythemia or other associated perinatal stress. The 
thrombosis in the neonate can be in the renal artery but most often is 
in the renal vein. Along with gross hematuria, accompanying clinical 
features may include a palpable enlarged kidney on the affected side, 
hypertension, and thrombocytopenia. The second group of children 
who are susceptible to renal vascular thrombosis are those with 
nephrotic syndrome, with the well described associated hypercoagu- 
lable state (see Chapter 19). The diagnosis of renal vein thrombosis can 
be suspected from the patient’s history and can be confirmed with a 
Doppler flow study of the renal vasculature. Several treatment 
approaches have been advocated. In many cases, careful attention to 
hydration and hemodynamic status in the neonate, and administration 
of albumin in the patient with nephrotic syndrome stabilizes the 
patient with no further progression of the thrombus. With large 
thrombi that propagate to the vena cava or affect both kidneys, anti- 
coagulation is considered. Renal vein thrombi, even with isolated sup- 
portive care, often resolve without late renal sequelae. However, late 
sequelae of hypertension and renal atrophy can occur. The less common 
renal artery thrombi more often result in significant renal injury and 
atrophy. 

Renal and bladder tumors are rare causes of gross hematuria in 
children. Wilms tumor, the most common pediatric renal malignancy, 
usually manifests as a flank or abdominal mass, but on occasion can 
present with gross hematuria. Renal carcinoma is exceedingly rare in 
childhood, but can occur in older children and also may present as 
gross hematuria. Each of these tumors can be readily detected radio- 
graphically through ultrasonography or computed tomography, which 
is why imaging of the urinary tract to include the bladder is an impor- 
tant part of the evaluation of all children with gross hematuria unless 
the source of the blood has clearly been defined to be of glomerular 
origin. 

Cyclophosphamide treatment can cause hemorrhagic cystitis, 
which can have accompanying severe bladder symptoms and 


hemorrhage. This results from prolonged contact of the toxic metabo- 
lites of cyclophosphamide with the bladder epithelium. Prevention is 
primarily with increased hydration to ensure high urine flow, and the 
use of mesna in patients receiving high-dose cyclophosphamide, a drug 
that prevents bladder mucosa toxicity from the metabolites. 

High intensity or long-duration physical exertion can cause gross 
hematuria. Its pathophysiology is not known, but several mechanisms 
proposed include bladder or kidney trauma, hemolysis, dehydration, 
peroxidation of red cells, and renal ischemia. 

Bleeding from arteriovenous malformations of the kidney, ureter, 
or bladder can manifest as asymptomatic gross hematuria, which often 
appears bright red. The blood can be localized to the bladder, one 
kidney, or ureter with cystoscopy. Endoscopic laser treatment can 
eliminate the source of bleeding. When bleeding from a vascular mal- 
formation is severe and not amenable to laser treatment, an angio- 
graph and surgery are considered. 

Nutcracker syndrome occurs when the left renal vein is com- 
pressed between the superior mesenteric artery and aorta, causing a 
rise in pressure and development of collateral veins with varicosities 
in the renal pelvis, ureter, and gonadal vein. It presents with left flank 
pain, hematuria, and occasionally a varicocele in males. Diagnosis 
can be difficult, but Doppler studies of the left renal vein, magnetic 
resonance angiography, and computed tomography may identify this 
entity. 

Symptoms of urethritis with gross hematuria and a negative urine 
culture in boys suggest urethrorrhagia. The most common complaint 
is blood-stained underwear. Ultrasound including the bladder should 
be performed to rule out other lesions discussed earlier. Cystoscopy 
does not show a treatable lesion and may be contraindicated because 
of the possibility of producing a stricture. Low-dose, long-term anti- 
biotic treatment may help in some cases. The condition appears to be 
benign and self-limited, so reassurance is the best approach. 

Infections that are unusual in Western societies, but more common 
in other parts of the world can present with gross hematuria. Schisto- 
soma haematobium causes bladder lesions, containing eggs and a sur- 
rounding granuloma, that may hemorrhage. Urinary symptoms of 
suprapubic pain, dysuria, or urgency are common. Chronic inflamma- 
tion of the ureters may result in urinary obstruction. Diagnosis is made 
by biopsy of lesions found in the liver, rectum, or bladder, or by the 
detection of characteristic eggs in feces or urine. 

Mycobacterium tuberculosis infection can involve the kidneys, 
resulting in formation of tuberculomas that may cavitate, rupture, and 
disseminate the bacterium throughout the urinary tract. Tuberculosis 
of the genitourinary tract most often occurs in young adults and is 
characterized by tubercles at the ureteral orifices. 

Adenovirus is a common respiratory infection in children, which 
can cause a hemorrhagic cystitis. This complication occurs most often 
in immunocompromised patients, but on occasion can also affect 
normal, healthy children. 


Blood visible in the urine commonly raises great concern in a child 
and the parents, and sometimes in the physician, but rarely heralds a 
serious disease. Parents frequently are concerned that hematuria is a 
manifestation of a malignancy, so this should be addressed initially 
with reassurance that it is very rare for the cause of hematuria in a 


child to be a tumor. The history of recent or current illness and the 
family history, as well as associated signs or symptoms, can usually 
direct the appropriate evaluation. The focus of testing initially should 
be on confirming the presence of hematuria, ruling out urinary infec- 
tion with culture, assessing renal function with blood tests, and 
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exploring urinary tract anatomy with ultrasound. Invasive studies, possible hemoglobinuria or myoglobinuria), hypertension, azotemia, 
such as cystoscopy or renal biopsy, are rarely indicated. pain, or a palpable mass. The presence of significant proteinuria sug- 

Features of the evaluation that require prompt attention include gests glomerular disease, which would require further evaluation by a 
absence of red blood cells in the urine (which raises the concern for nephrologist for consideration of renal biopsy. 
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Acute and Chronic Scrotal Swellino 


John V. Kryger 


The most serious causes of acute scrotal swelling are testicular torsion 
and incarcerated inguinal hernia, both of which necessitate immediate 
surgical correction. Consequently, a prompt, careful approach to a 
painful or inflamed scrotum is essential. The differential diagnosis of 
scrotal swelling is extensive and varies depending on the age of the 
patient (Tables 21.1 and 21.2). The most common causes include tes- 
ticular torsion, torsion of the appendix testis, and epididymitis. 


SCROTAL AND INGUINAL ANATOMY 


Inguinal Region 

The inguinal canal runs obliquely between the external and internal 
inguinal rings. The anterior wall of the canal is formed by the external 
oblique aponeurosis; the posterior wall is formed by the inguinal liga- 
ment and conjoined tendon. The oblique direction of the inguinal 
canal allows for the posterior and anterior walls to coapt with increases 
in intraabdominal pressure. 


Testis Descent 


The testes develop in the lumbar region of the abdominal cavity 
between the peritoneum and the transversalis fascia at approximately 
7 weeks of gestation. By the 8th week of gestation, the gubernaculum 
extends from the caudal end of the epididymis through the inguinal 
canal to insert on the internal wall of the scrotum. The processus vagi- 
nalis, a finger-like outpouching of the peritoneum, extends adjacent to 
the gubernaculum to form the inguinal canal. As the processus vagi- 
nalis descends into the scrotum, it carries extensions of the abdominal 
wall layers. 

The testis normally descends through the inguinal canal into the 
scrotum before birth. As the testis and spermatic cord descend through 
the inguinal canal, they are covered by the three concentric layers of 
the anterior abdominal fascia (Fig. 21.1). When the testis reaches the 
scrotum, the testis and surrounding layers of fascia and tunica vaginalis 
fuse to the dartos of the scrotum. The processus vaginalis is initially 
patent, leaving a connection between the scrotum and the peritoneal 
cavity. Normally, the processus vaginalis obliterates, leaving a residual 
tunica vaginalis surrounding the testis. Typically, the tunica vaginalis 
contains 1-2 mL of clear fluid. 


Scrotum 


The scrotum has 2 separate compartments, each containing a testis, 
epididymis, and distal spermatic cord. It comprises multiple layers that 
are continuous with the superficial layers of the anterior abdominal 
wall. The external location of the scrotum results in the temperature 
of the testes being 2-3°F below the core body temperature, which 
allows for normal spermatogenesis. 


Testis 


The testes are the male reproductive organs and are suspended in the 
tunica vaginalis of the scrotum by the spermatic cords. The epididymis, 
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attached to the testis posteriorly, consists of the caput (upper pole), 
corpus (body), and cauda (tail) (Fig. 21.2). The vas deferens can be 
palpated as a narrow, firm, tubular structure in the spermatic cord. The 
epididymis is responsible for sperm maturation and storage. Each testis 
relies on 3 arteries for its blood supply: the testicular artery, the crem- 
asteric artery, and the deferential artery. Each enters the scrotum 
through the spermatic cord. The testicle receives both sympathetic and 
parasympathetic innervation. These autonomic nerves carry impulses 
that, with testicular stimulation, produce symptoms of deep visceral 
pain and nausea. 


DIAGNOSTIC STRATEGIES 
® History 


In evaluating acute or chronic scrotal swelling, the following historical 

elements should be established: 

1. Onset of pain: Testicular torsion has a very sudden onset and can 
be precipitated by activity or can occur at rest or during sleep. 
Epididymitis or torsion of the appendix testis or other testicular 
appendage often has a more insidious onset over the course of days, 
with progressive pain and swelling. 

2. Duration of pain: Episodic pain lasting seconds and abating is 
rarely pathologic, whereas severe pain, persistent pain, or episodes 
lasting more than 1 hour raise concern. 

3. Associated/radiation of pain: If there is radiation of pain from the 
flank, then renal or ureteral pathologic processes, such as an 
obstructing ureteral calculus, should be considered. Inguinal dis- 
comfort may suggest hernia or other inguinal pathology. 
Although sometimes nonspecific, associated manifestations are also 

important: 

1. General systemic: Fever, chills, or rigors suggest an infectious 
cause. 

2. Abdominal signs/symptoms: Nausea, vomiting, and abdominal or 
inguinal pain are common but nonspecific. They may indicate an 
intestinal process. 

3. Urologic signs/symptoms: Dysuria, urinary frequency, hematuria, 
or penile discharge suggests an infectious process such as urinary 
tract infection, urethritis, or epididymitis. 

4. Unusual rashes: Henoch-Schonlein purpura may result in vasculi- 
tis of the spermatic cord with associated scrotal pain and 
swelling. 

In addition, a thorough medical history is imperative and should 
include the following: 

1. History of urinary tract infections or renal calculi. 

2. Prior sexual activity, which would raise the possibility of a sexually 
transmitted infection. 

3. History of any surgical procedures on the groin, scrotum, or 
abdomen. Often an orchiopexy performed for an undescended 
testis places the testis in a dartos pouch, which would make testicu- 
lar torsion unlikely in the future. 
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4. History of any previous episodes of testicular pain. Previous epi- 
sodes of intermittent or severe pain in the same testis may be 
secondary to intermittent torsion of the testis. 

Lower urinary tract pathologic processes, such as posterior urethral 
valves, neuropathic bladder, or urethral stricture (e.g., after trauma 
or hypospadias repair) may predispose to urinary tract infection, 
which could cause bacterial epididymitis. 


TABLE 21.1 Differential Diagnosis 


of Scrotal Masses in Young and 
Adolescent Males 


Painless* 

Hydrocele 

Inguinal hernia (reducible) 

Varicocele 

spermatocele 
(postpubertal males) 

Testicular tumor 

Paratesticular tumor 

Idiopathic scrotal edema 

Henoch-Schénlein purpura 


Painful 

Testicular torsion 

Torsion of testicular appendage (less common 
after adolescence) 

Epididymoorchitis 

Trauma: testicular rupture, hematocele 

Inguinal hernia (incarcerated) 

Mumps orchitis 


*Occasionally associated with discomfort. 


Parietal peritoneum Extraperitoneal fascia 


Transversalis fascia 


Testis 


Gubernaculum 


Transversus abdominis muscle 
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® Physical Examination 


Examination of the scrotal contents should be performed in any male 
patient presenting with abdominal, inguinal, or scrotal pain. Essential 
components include inspection, palpation, and transillumination of 
any masses. 

Pubertal development. In prepubertal males, torsion of the appen- 
dix testis is more common than testicular torsion (Table 21.3). Con- 
versely, in the postpubertal male, testicular torsion and epididymitis 
(if the patient is sexually active) are more common. 

Scars in the inguinal region. Scars may imply previous surgery for 
hernia, hydrocele, undescended testis, or varicocele. 

Scrotal skin changes and fixation. Erythema suggests an underly- 
ing inflammatory process but is nonspecific. Duskiness or fixation of 
the skin over the testis is suggestive of testicular necrosis. 


TABLE 21.2 Differential Diagnosis of 
Scrotal Swelling in Newborns 


scrotal hematoma 
Testicular tumor 
Meconium peritonitis 
Epididymitis* 


Hydrocele 

Inguinal hernia (reducible) 
Inguinal hernia (incarcerated)* 
Testicular torsion™ 


*May be associated with scrotal inflammation. 


Internal oblique muscle 


External oblique muscle 


Processus vaginalis 


FIGURE 21.1 Descent of the testis from week 7 (postfertilization) to birth. As the testis and spermatic cord 
descend through the inguinal canal, they are covered by the three concentric layers of the anterior abdominal 
fascia. (From Drake RL, Vogl AW, Mitchell AWM, eds. Gray’s Anatomy for Students. 3rd ed. Philadelphia: 


Churchill Livingstone; 2015:253-420.) 
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Testis position within the scrotum. A testis positioned high in the 
scrotum is suggestive of testicular torsion. The spermatic cord shortens 
as it twists. The affected testis should be compared with the contra- 
lateral testis with respect to size, consistency, and tenderness. Accurate 
localization of pain to the testis, epididymis, or both is important. 

Cremasteric reflex. Stimulated by gently scratching the ipsilateral 
medial thigh, reflexive cremaster muscle contraction causes the 
scrotum to retract. The presence of a symmetric cremasteric reflex 
makes testicular torsion less likely. An absent cremasteric reflex is non- 
specific. Sometimes with anxiety, the testis of a child will retract high 
into the inguinal canal. An important maneuver to relax the cremaster 
muscle is to examine the patient in a seated position with the legs 
crossed. 
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FIGURE 21.2 Lateral view of the testis showing the posterior location 
of epididymis and appendix testes. The appendix testis is present in 
almost all males, the appendix epididymis is present in approximately 
50% of males, and the other appendages are rarely present. (From 
Kelalis PP, King LR, Belman AB, eds. Clinical Pediatric Urology. 2nd ed. 
Philadelphia: WB Saunders; 1985.) 


® Laboratory Data 


Basic laboratory evaluation of acute and chronic testicular swelling 
includes urinalysis, urine culture, and tests for Chlamydia and gonor- 
rhea if the patient is sexually active (see Chapter 18). 


® Imaging Studies 

Imaging studies are often helpful in determining the cause of acute 
and chronic testicular or scrotal swelling. They should not be substi- 
tuted for a thorough history and careful physical examination per- 
formed by a surgical specialist. The conditions necessitating immediate 
surgical treatment include testicular torsion, incarcerated inguinal 
hernia, and testicular rupture secondary to trauma; testicular tumor 
mandates urgent surgical attention. If the history and physical exami- 
nation strongly support the diagnosis of testicular torsion, then 
prompt surgical exploration is recommended, without confirmation 
by an imaging study. If the history or physical findings are equivocal 
for testicular torsion, or if an alternate diagnosis requires investigation, 
color Doppler ultrasonography should be obtained. Sonography 
provides a relatively accurate image of the testis and epididymis, and 
color Doppler imaging assesses blood flow. It is performed by examin- 
ing the uninvolved testis first and adjusting the color flow settings to 
detect normal flow. The affected testis is then examined for decreased 
or absent flow in comparison with the normal testis. Color flow 
Doppler imaging distinguishes between the increased collateral blood 
flow within the scrotal skin and the decreased blood flow to the testis 
in patients with testicular torsion. The sensitivity of Doppler ultra- 
sonography for detecting testicular torsion ranges from 69-100%, and 
specificity ranges from 77-100%. Sonography can also help determine 
if a scrotal hematoma represents a testicular rupture. Color flow 
Doppler imaging accurately demonstrates increased flow resulting 
from torsion of the appendix testis or epididymitis, but is usually 
unable to distinguish these 2 entities. It also cannot distinguish viral 
from bacterial epididymitis. If a tumor is present, sonography can 
demonstrate whether the mass arises from the testis or paratesticular 
structures. It can also distinguish the presence of hydrocele, cyst, 
tumor, or varicocele. The test is quick, easy to perform, and nonin- 
vasive. There are several important limitations of color Doppler 
imaging: 


TABLE 21.3 Differentiation of Acute Painful Scrotal Swelling in Childhood 


Testicular Torsion 


Age 

symptoms and signs 
Pain 

Fever 

Vomiting 


Dysuria 
Physical examination 


Pyuria, urinary infection 


Blood flow (color Doppler study) 


Usually perinatal and 12—18 yr, but 
any age possible 

Abrupt onset; may have previous 
similar episodes 


Localized to the testis and may 
radiate to groin and lower abdomen 


Rare 
Common 
Rare 


Testis may be high riding, swollen, 
exquisitely tender; scrotal erythema 
may be present; cremasteric reflex 
absent 


Rare 


Diminished or absent 


Epididymoorchitis 

Usually adolescence, but any 
age possible 

Gradual onset 


Localization to epididymis; may 
involve entire testis after 24 hr 


Common 
Rare 
Common 


Testis and epididymis are firm, 
tender, swollen; scrotal 
erythema may be present; 
cremasteric reflex present 

Possible, particularly in bacterial 
epididymitis 

Increased 


Torsion of the Appendix Testis 
2-12 yr 


Gradual onset 


Localization to upper pole of testis; may 
involve entire testis after 24 hr 


Rare 
Rare 
Rare 


Testis is normal or enlarged; firm mass may 
be seen or felt at upper pole, distinct 
from epididymis; scrotal erythema may be 
present; cremasteric reflex present 


Rare 


Normal or increased 


1. If the duration of torsion is brief and if the torsional rotation is 
incomplete, there may be venous congestion without impairment 
of arterial blood flow; color Doppler imaging may demonstrate 
normal or decreased blood flow. 

2. In the prepubertal testis, blood flow may be difficult to demon- 
strate, even when the testes are normal, and absence of flow may 
be misinterpreted for testicular torsion. 

3. The color Doppler aspect of the study is user dependent. 


DIFFERENTIAL DIAGNOSIS 
(Table 21.4; see also Table 21.3) 


Testicular Torsion 


Testicular torsion is a surgical emergency because of the risk of ische- 
mic damage to the testis. The likelihood of testicular survival depends 
on the duration and severity of torsion. Consequently, testicular 
survival depends on accurate diagnosis and timely emergency 
management. 

The incidence of spermatic cord torsion is 1 in 4000 among male 
patients younger than 25 years. The peak ages for testicular torsion are 
in the neonatal period, as well as from the ages of 12-18 years. The 
pathogenesis of torsion and the presentation in these two age groups 
are different. 

In testicular torsion, the testis and spermatic cord rotate or twist 
within the tunica vaginalis (termed “intravaginal” torsion), resulting 
in obstruction of venous drainage, followed by compromise of arterial 
flow and subsequent infarction (Fig. 21.3). In many instances of 


Tunica vaginalis 
(normal) 


Bell clapper 
deformity 
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TABLE 21.4 Causes of Acute Scrotal Pain 


Common 

Testicular torsion 

Torsion of testicular appendage 

Epididymitis (gonorrheal and/or 
chlamydial infection in sexually 
active adolescents)* 

Trauma* 

Scrotal edema (Henoch-Schonlein 
purpura) 

Pain referred to scrotum 
(nephrolithiasis, ureteropelvic 


junction obstruction, appendicitis, 


spinal cord tumor, IgA 
nephropathy) 


Less Common 

Orchitis (mumps, varicella, 
coxsackievirus, dengue)“ 

Abscess 

Infarction 

Malignancy: primary testicular 
neoplasm (e.g., seminoma), germ 
cell (usually painless mass) 

Leukemia: primary or relapse 
(usually painless swelling)* 


*Bilateral involvement possible. 


Uncommon 

Granulomatous orchitis* 

Drug-induced epididymitis 
(amiodarone)* 

Behcet disease 

Sarcoidosis 

Polyarteritis nodosa* 

Epididymitis (tuberculosis, 
brucellosis, actinomycosis, 
leprosy, Salmonella infection, 
fungal infection, parasitic 
infestation, Nocardia infection) 

Orchitis (rickettsial, Nocardia 
infections, toxoplasmosis, 
cytomegalovirus) 

Testicular pyocele 

Fournier gangrene 


FIGURE 21.3 A to C, Mechanism of testicular torsion associated with the bell clapper deformity. Epid, 
epididymis. (From Fleisher GR, Ludwig S. Textbook of Pediatric Emergency Medicine. 3rd ed. Baltimore: 


Williams & Wilkins; 1993.) 
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(See Nelson Textbook of Pediatrics, p. 2595.) 
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torsion occurring beyond the neonatal period, a preexisting anatomic 
abnormality termed the bell clapper deformity increases the likeli- 
hood of the testis rotating on the spermatic cord. The “bell clapper” 
refers to a redundant tunica vaginalis that inserts higher along the 
spermatic cord, allowing the testis to rotate freely within, and lie more 
transversely in the scrotum (Fig. 21.4). The deformity is common, 
present unilaterally in 17% and bilaterally in 40% of males. 

The likelihood of irreversible testicular damage depends on the 
severity and duration of torsion. If the torsion results in complete 
ischemia, the testis may become necrotic within 6-12 hours; however, 
if testicular torsion is incomplete, there may be continued arterial 
perfusion for 24-48 hours. Because the viability of the testis cannot 
reliably be gauged based on the perceived duration of torsion, immedi- 
ate surgical exploration should always be considered. 

Patients with testicular torsion typically experience the sudden 
onset of severe testicular pain and swelling. The event is often incor- 
rectly attributed to minor trauma or exercise, but pain may also occur 
independent of activity or suddenly awaken the patient from sleep. The 
pain is usually localized to the affected hemiscrotum, and patients may 
also report inguinal or abdominal pain. Associated symptoms may 
include nausea and vomiting. Up to half of patients describe previous 
episodes of severe scrotal pain that resolved spontaneously. Dysuria 
and other voiding symptoms are absent. 

On examination, the scrotum is erythematous and edematous and 
the testis is enlarged and extremely tender. If the patient has been 
experiencing severe pain for more than 24 hours, there may be too 
much inflammation to delineate the scrotal contents. The cremasteric 
reflex is usually always absent, although this is not a perfectly reliable 
sign. The testis may be high in the scrotum with a transverse lie. 
Urinalysis results are negative. If testicular torsion has been present 


FIGURE 21.4 Anomalies of suspension associated with intravaginal 
testicular torsion. A, Normal. B, Envelopment by the tunica vaginalis. 
C, Inversion of the epididymis. D and E, Horizontal lie. Bell clapper 
deformity is shown in B through E. (From Kelalis PP, King LR, Belman 
AB, eds. Clinical Pediatric Urology. 2nd ed. Philadelphia: WB Saunders; 
1985.) 


for more than 48 hours, the scrotum is typically severely enlarged, 
erythematous, and edematous, and the testis is an enlarged and indu- 
rated mass. Color Doppler imaging typically reveals hyperemia in the 
scrotal wall and absent testicular blood flow. 

In most cases, the diagnosis of testicular torsion can be made from 
the history and physical examination. If torsion is the likely diagnosis, 
scrotal exploration should proceed immediately and should not be 
delayed awaiting confirmatory imaging. If the diagnosis is uncertain, 
imaging should be obtained. Color Doppler ultrasonography typically 
demonstrates absent blood flow. 

Some patients present with a history of severe testicular pain that 
resolved in the emergency room or on the way to the hospital. In these 
cases, intermittent torsion should be suspected. While immediate 
scrotal orchiopexy is not mandated under these circumstances, surgical 
fixation should still be considered, as the recurrence rate is high. Fur- 
thermore, some patients may fail to seek prompt medical evaluation 
in the event of recurrence because of fear of surgery or wishful think- 
ing that the torsion will spontaneously resolve again. 

Surgical management of testicular torsion consists of exploration, 
detorsion, and evaluation of testicular viability. An infarcted testicle is 
removed. If the testis is viable, orchiopexy is performed, in which the 
viable testis is fixed to the dartos layer of the scrotal wall with nonab- 
sorbable sutures. Contralateral scrotal orchiopexy is also performed 
given the significant risk of contralateral torsion. If torsion is detected 
and treated within 4 hours of the onset of symptoms, the salvage rate 
approaches 100%; at 8-12 hours, it falls to 20%; and after 24 hours, 
infarction is likely. 

Testicular torsion also occurs in the fetus and neonate. In these 
cases, torsion results from incomplete attachment of the gubernacu- 
lum and tunica vaginalis to the scrotal wall. The entire testis, epididy- 
mis, and tunica vaginalis twist in a process termed extravaginal 
testicular torsion. If torsion occurs prenatally, the testis is typically 
large and firm. The ipsilateral hemiscrotum may be ecchymotic if 
torsion occurred shortly prior to birth; although if torsion occurred 
more remotely, ecchymoses may have resolved by the time of delivery. 
Prenatal torsion always results in a nonviable testis. Postnatal extra- 
vaginal testicular torsion can occur up to 46 weeks corrected gesta- 
tional age. Affected neonates typically have sudden onset of irritability 
with progressive enlargement of the testis, with associated scrotal ery- 
thema. Color Doppler ultrasonography in the neonate is fairly reliable 
in distinguishing testicular torsion from scrotal hematoma and testicu- 
lar tumor. Although testicular salvage in neonates with in utero torsion 
is highly unlikely, urgent exploration is recommended to confirm the 
diagnosis and to perform a contralateral scrotal orchiopexy to protect 
the solitary remaining testis, which is also at risk for torsion. If there 
is a possibility that torsion occurred after birth, there is a chance of 
saving the testis, and immediate exploration is warranted. 


TORSION OF THE APPENDIX TESTIS 


The appendix testis, a vestigial remnant of the miillerian duct system, 
is attached to the upper pole of the testis and is present in approxi- 
mately 90% of males. The appendix epididymis, a remnant of the 
wolffian ducts, is present in about 10% of males. When these append- 
ages are long and pedunculated, they have a tendency to twist at their 
base, resulting in ischemia and eventual infarction. This type of torsion 
is most common between 2 and 12 years of age and is uncommon in 
adolescents. Torsion of the appendix testis results in progressive pain 
and inflammation of the epididymis and scrotum. 

The onset of pain and swelling is typically gradual. Affected males 
often adopt a wide-based gait but otherwise appear comfortable. Con- 
stitutional symptoms are usually less severe than with testicular torsion, 


but may include nausea, vomiting, and pain referred to the lower 
abdomen. Physical examination reveals an erythematous and edema- 
tous scrotum. Palpation of the testis may reveal a 3- to 5-mm tender 
indurated mass on the upper pole. The torsed appendix testis may be 
visible through the scrotal skin; this finding is termed the blue dot 
sign and is present in approximately 20% of cases. As the duration of 
torsion increases, differentiation from testicular torsion becomes 
increasingly difficult as reactive inflammation of the testis and epididy- 
mis worsen. A clinical diagnosis of torsion of the appendix testis 
should not be made unless the appendix testis is palpated or 
visualized. 

The natural history of torsion of the appendix testis is for the 
inflammation to resolve gradually after infarction of the appendage. In 
general, the process is complete within 10 days from the onset of 
symptoms. Scrotal exploration and excision of the torsed appendage 
is unnecessary unless there is uncertainty regarding the diagnosis and 
testicular torsion is possible. If the diagnosis of torsion of the appendix 
testis is highly likely, color Doppler ultrasonography is optional for 
confirmation. Management includes strict rest for 2-3 days and non- 
steroidal antiinflammatory medications to reduce inflammation and 
pain. Vigorous activity such as sports should be restricted for at least 
7 days, as activity may worsen and prolong pain and swelling. The 
patient should be instructed to seek prompt medical evaluation if pain 
does worsen, as such worsening may be indicative of testicular torsion. 


EPIDIDYMITIS, EPIDIDYMOORCHITIS, 
AND ORCHITIS 


The inflammation of epididymitis may be caused by an infectious 
process, or may be secondary to trauma, torsion of the appendix testis, 
or sterile reflux of urine down the vas deferens. Pain and swelling are 
typically insidious in onset. Patients may have associated dysuria, 
urgency, frequency, and urethral discharge, and some may report tran- 
sient episodes of inguinal pain that preceded the onset of testicular 
symptoms and that were secondary to spermatic cord inflammation. 
The epididymis is tender, enlarged, indurated, and situated posterior 
to the testis; in epididymoorchitis, inflammation progresses to involve 
the testis, which also becomes enlarged and tender. A reactive hydrocele 
may be present, obscuring testicular examination. The cremasteric 
reflex is typically preserved. Isolated orchitis is less common, particu- 
larly in prepubertal males, though it may be seen in postpubertal males 
with mumps virus infection. 

Bacterial epididymitis usually results from urethral infection 
passing retrograde through the vas deferens to the epididymis (Fig. 
21.5). In prepubertal males, bacterial epididymitis is most frequently 
secondary to a structural abnormality of the lower genitourinary tract, 
such as ectopic ureter, ectopic vas deferens, or urethral stricture, or 
may be secondary to dysfunctional voiding. Urinalysis typically dem- 
onstrates pyuria, bacteriuria, or both, and bacterial culture of the urine 
may isolate the causative organism, usually a gram-negative coliform. 
Given the association with underlying urogenital abnormalities, 
further evaluation should include renal ultrasonography and voiding 
cystourethrography. In postpubertal males without underlying geni- 
tourinary abnormalities, bacterial epididymitis is most frequently 
caused by sexually transmitted infection, typically Chlamydia tracho- 
matis, although Neisseria gonorrhoeae and Ureaplasma urealyticum 
may be causative as well. Additional causes of bacterial epididymitis 
include extension of urinary tract infection or infection with Myco- 
plasma pneumoniae or mycobacteria. Urinalysis and bacterial culture 
of the urine should be obtained, as should nucleic acid amplification 
tests for C. trachomatis and N. gonorrhoeae from urine or urethral 
swab specimens (see Chapter 18). Patients whose epididymitis is 
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FIGURE 21.5 Epididymitis in a 6-year-old male. Note the reactive 
orchitis as well as the significant enlargement of the epididymis. 


related to a sexually transmitted infection should further be tested for 
syphilis and human immunodeficiency virus. 

Viral epididymitis may be difficult to distinguish from non- 
infectious inflammatory causes of epididymitis. Enteroviruses and 
adenoviruses are typically implicated, either as a primary infection or 
as a postinfectious sequela. The inflammation of orchitis most com- 
monly represents an extension of epididymitis; however, isolated 
orchitis may be seen in males with mumps infection. This manifesta- 
tion is rare in prepubertal males, though may complicate infection in 
up to 35% of postpubertal males. The onset of orchitis usually occurs 
within 1 week of the onset of mumps parotitis and is more frequently 
unilateral. Diagnosis may be clinical, although given the markedly 
decreased incidence of mumps following the introduction of an effec- 
tive vaccine and the possibility of alternate infectious etiologies, con- 
firmatory testing may be obtained. Patients with parotitis may provide 
buccal swabs or saliva samples for nucleic acid amplification testing. 
Mumps-specific IgM antibody testing or acute and convalescent serum 
IgG antibody titer quantification may confirm the diagnosis. Up to a 
third of patients with mumps orchitis develop testicular atrophy and 
subfertility, although true infertility is rare, even with bilateral testicu- 
lar involvement. 

Noninfectious etiologies of epididymitis include torsion of the 
appendix testis, trauma, and medication exposure, particularly to 
amiodarone. Scrotal ultrasonography shows epididymal swelling and 
hyperemia consistent with epididymitis. Urinalysis and urine culture 
reveal no evidence of bacterial urinary tract infection. 


TRAUMA AND HEMATOCELE 


Blunt scrotal trauma can result in a spectrum of injuries ranging from 
testicular contusion to testicular rupture (Fig. 21.6). Testicular injuries 
usually result from a fall, kick, or direct blow from a blunt object that 
compresses the testis up against the pubic bone. A detailed history of 
the nature of the injury aids in recognizing the likelihood of serious 
testicular injury. With disruption of the tunica albuginea (capsule) of 
the testis, there is such significant painful scrotal swelling that the testis 
cannot be palpated. Often there is associated erythema or ecchymosis 
of the scrotal wall. In cases of suspected testicular injury, other diag- 
noses such as torsion and epididymitis should be considered. Scrotal 
ultrasonography should be performed to assess the integrity of the 
testis and to assess for torsion. Urinalysis should be performed to assess 
for bacterial epididymitis. 
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FIGURE 21.6 A, Appearance in an 8-year-old male kicked in the scrotum while performing 
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karate with his 


brother. Note right scrotal swelling. An ultrasound study showed scrotal hematoma and a ruptured testis. 
B, Scrotal exploration shows a nonviable testis. Orchiectomy was performed. 


VARICOCELE 


A varicocele is an abnormal dilation of the veins of the pampiniform 
plexus in the scrotum. Varicoceles are rare under 10 years of age; 
however, approximately 10% of adolescent males and 15% of adult 
males have a varicocele. The increased prevalence among adolescents 
and adults is secondary to the increased testicular blood flow that 
occurs with puberty. More than 95% of varicoceles are left-sided, likely 
secondary to the higher venous pressure of the left internal spermatic 
vein and the absence of a venous valve at the insertion of the left 
internal spermatic vein into the renal vein. If a varicocele is detected 
on the right side or in a male younger than 10 years old, abdominal 
ultrasonography is indicated to ascertain whether an abdominal tumor 
is present. 

A varicocele manifests as a painless, paratesticular mass often 
described as a “bag of worms.” On occasion, patients describe a chronic, 
dull ache in or adjacent to the testis. Physical examination in both the 
supine and the upright positions, with and without the Valsalva 
maneuver, facilitates the diagnosis. Typically, the varicocele is decom- 
pressed while supine and is more prominent when standing. Measur- 
ing the volume of both testicles is important to document size 
discrepancies, as approximately one third of affected males have associ- 
ated volume loss. Calipers, an orchiometer, or ultrasonography may 
be used. 

Appropriate and timely diagnosis is essential, as an untreated vari- 
cocele may lead to degeneration of germinal centers, interstitial fibro- 
sis, and impaired spermatogenesis and testosterone production. Up to 
15% of adult males with a varicocele are infertile. The goal in treatment 
of a varicocele is preservation and restoration of spermatogenesis. 
Because the majority of testicular volume is composed of seminiferous 
tubules, if the left testis is significantly smaller than the right, the clini- 
cian may presume that the varicocele has affected testicular growth. 
Typically, after varicocelectomy in an adolescent, the testis shows 
catch-up growth. Surgical management does not guarantee paternity 
as an adult. 


INGUINAL HERNIA 


Hernias and hydroceles result from incomplete obliteration of the 
processus vaginalis. Indirect inguinal hernias result from a patent pro- 
cessus vaginalis that allows bowel or omentum to pass through the 
internal inguinal ring (Fig. 21.7). Patients usually present with inguinal 
swelling, scrotal swelling, or both. While swelling should reduce with 
gentle pressure, a hernia that cannot be reduced is called an incarcer- 
ated hernia and is a surgical emergency, as the vascular supply of the 
herniated bowel may become compromised. Physical signs of incar- 
ceration include inguinal or scrotal erythema, pain, signs of bowel 
obstruction, and inability to reduce the hernia. Infants with an incar- 
cerated hernia have a 10% incidence of ipsilateral testicular infarction 
secondary to increased pressure on the spermatic cord. 

If an incarcerated hernia is suspected, the child is hospitalized and 
sedated, and manual reduction of the hernia is attempted. Most incar- 
cerated hernias can be reduced successfully and should be repaired 
promptly. Children with an easily reducible hernia should also undergo 
herniorrhaphy within a reasonable time to reduce the possibility of 
incarceration. 


HYDROCELE 


A hydrocele is an accumulation of fluid within the tunica vaginalis. 
Communicating hydroceles, defined by a patent processus vaginalis, 
are present in approximately 2% of newborn males, are more common 
in preterm infants, and tend to persist (see Fig. 21.7). The diameter of 
the patent processus vaginalis is much smaller than that seen with a 
hernia, allowing only peritoneal fluid to pass into the scrotum. Typi- 
cally, affected males have painless scrotal swelling that progresses over 
the course of the day and resolves while sleeping or otherwise recum- 
bent, as fluid returns to the peritoneal cavity. Noncommunicating 
hydroceles are characterized by the presence of an unobliterated 
portion of the processus vaginalis (see Fig. 21.7), and may be acquired 
following an inflammatory condition within the scrotum, such as 
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FIGURE 21.7 Diagrams of sagittal sections of the inguinal region. A, Incomplete indirect inguinal hernia, 
resulting from persistence of the proximal processus vaginalis. B, Indirect inguinal hernia into the scrotum, 
resulting from persistence of the entire processus vaginalis. Note the presence of an undescended testicle, 
which is a commonly associated malformation. C, Hydrocele of the cord, derived from an unobliterated 
portion of the processus vaginalis. D, Communicating hydrocele, resulting from peritoneal fluid passing 
through a patent processus vaginalis. (From Moore KL. Clinically Oriented Anatomy. 2nd ed. Baltimore: Wil- 


liams & Wilkins; 1993:299.) 


testicular torsion, torsion of the appendix testis, epididymitis, or tes- 
ticular tumor. 

Physical examination reveals a smooth and nontender scrotal mass 
that is clear upon transillumination. Because hydroceles can be associ- 
ated with testicular neoplasms in postpubertal males, testicular exami- 
nation should be performed. If the size of the hydrocele precludes 
adequate testicular examination, scrotal ultrasonography is advised. 
Most communicating hydroceles resolve by 1 year of age and can be 
managed expectantly; however, large and tense masses may be difficult 
to distinguish from hernias, and may require ultrasonography. Large 
hydroceles or hydroceles persisting beyond the age of 2 years rarely 
regress spontaneously and may predispose to inguinal hernia. 

A severe form of the hydrocele is the abdominoscrotal hydrocele, 
in which the hydrocele sac is tense with fluid and extends from the 
scrotum proximally through the inguinal canal into the abdominal 
cavity. On examination, these hydroceles are palpable in the inguinal 
canal, and an abdominal mass is often present. These hydroceles do 
not resolve and may cause extrinsic testicular compression. Early repair 
is recommended. 


TESTICULAR TUMORS 


Although testicular and paratesticular tumors are uncommon, testicu- 
lar cancer is the most common solid malignancy in postpubertal males 
between the ages of 15 and 35 years, with a bimodal age distribution 
reflecting this age range, and another peak in the Ist 2 years of 
life. Most testicular cancers are germ cell tumors, representing 


approximately 95% of testicular cancers, while the remaining 5% are 
stromal tumors derived from Leydig, Sertoli, and granulosa cells. Risk 
factors for testicular tumors include a history of cryptorchidism, a 
prior history of testicular cancer in the contralateral testicle, and a 
family history of testicular cancer. 

Most patients with testicular tumors present with an incidentally 
noted nontender, hard mass that fails to transilluminate on examina- 
tion. Pain is uncommon, although some patients may present with 
pain secondary to hemorrhage or infarction within the mass. Up to 
15% of testicular tumors are associated with a noncommunicating 
hydrocele, prompting affected patients to seek medical evaluation. 
Stromal tumors may elaborate hormones that can lead to precocious 
pseudopuberty, gynecomastia, galactorrhea, or other endocrinologic 
manifestations. 

Scrotal ultrasonography should be performed to confirm the 
finding of a testicular mass and may help delineate the type of testicu- 
lar tumor. Serum tumor markers, such as &-fetoprotein and B-human 
chorionic gonadotropin, should be evaluated before surgical interven- 
tion. Partial orchiectomy is typically performed for prepubertal testis 
tumors with negative o-fetoprotein; radical orchiectomy is performed 
for postpubertal testis tumors and prepubertal testis tumors with 
elevated a-fetoprotein, given their higher metastatic potential. After 
radical orchiectomy, abdominal and chest computed tomography is 
obtained to evaluate the most common sites of metastatic disease, the 
retroperitoneum and lungs. 

Leukemia and lymphoma are the most common secondary malig- 
nancies to affect the testis. These tumors can present bilaterally, and, 


SECTION4 Genitourinary Disorders 


because the blood-testis barrier protects the intratesticular cells, the 
testis may be the site of residual tumor in children after chemotherapy. 
Paratesticular structures can give rise to various benign tumors, such 
as lipomas, leiomyomas, hemangiomas, and fibromas. Malignant para- 
testicular tumors are rare; rhabdomyosarcoma is the most common 
malignant paratesticular tumor. 


MECONIUM PERITONITIS 


Antenatal peritonitis may result from intestinal perforation. Although 
the intestinal perforation may heal, the intraabdominal meconium 
may track down the patent processus vaginalis into the scrotum, 
resulting in the formation of an inflammatory mass. This condition 
can manifest as bilateral neonatal hydroceles, which eventually regress 
into firm, nodular masses involving either or both testicles. Scrotal 
sonography demonstrates multiple areas of echogenic foci suggestive 
of calcification. In addition, a plain film of the scrotum shows 
calcification. 


SCROTAL WALL SWELLING 
Henoch-Schonlein Purpura 


Henoch-Schoénlein purpura is a systemic vasculitis of unknown etiol- 
ogy that involves the skin, gastrointestinal tract, joints, and kidneys. 
Most affected patients are younger than 7 years. Genitourinary mani- 
festations may include glomerulonephritis (see Chapter 20), ureteritis, 
renal pelvic bleeding, and acute swelling of the scrotum and spermatic 
cord. Scrotal wall and testicular involvement has been reported in up 
to a third of affected patients. 

Palpable purpura (the characteristic skin finding in Henoch- 
Schénlein purpura) often begin in the lower extremities and buttock 
region. Later, the rash may spread to the scrotum; on occasion, the rash 
may begin on the scrotum. If scrotal swelling and pain precede the 
development of the characteristic rash, the presentation may be diffi- 
cult to distinguish from testicular torsion. However, as these conditions 
may coexist, if there is any uncertainty regarding the diagnosis, color 
Doppler ultrasonography should be performed. 


Acute Idiopathic Scrotal Wall Edema 


Acute idiopathic scrotal wall edema is an uncommon entity that 
accounts for up to 5% of acute scrotal swelling. The average patient is 


between 4 and 7 years of age and typically presents with the sudden 
onset of unilateral or bilateral scrotal wall edema and mild tenderness. 
The overlying skin is erythematous, and the edema may extend ante- 
riorly onto the abdominal wall or posteriorly into the perineum. The 
testicles are easily palpable, normal in size, and nontender. The origin 
of this syndrome is unknown, but allergic causes have been implicated. 
Most cases spontaneously resolve within 48-72 hours. 


Idiopathic Fat Necrosis 


Idiopathic fat necrosis is an uncommon cause of acute painful swelling 
of the scrotum, secondary to necrosis of the intrascrotal fat that is 
present in prepubertal males. Examination of the underlying testis 
may be hampered by inflammation within the scrotal wall. The etiol- 
ogy is unknown but may be related to trauma with physical activity. 
Ultrasonography demonstrates hyperechoic intrascrotal masses with 
posterior shadowing and a hyperechoic striated scrotal wall with 
normal-appearing testes and epididymi. Treatment is supportive. 


Fournier Gangrene 


Fournier gangrene of the scrotum usually affects adults, but rarely can 
afflict infants and children. In children, it occurs primarily as a result 
of genital insect bites, as a complication of circumcision, or from 
extension of perianal skin abscesses. Other predisposing factors 
include diabetes mellitus, trauma, instrumentation, urethral stricture, 
and inguinal or perineal surgery. Symptoms of this life-threatening 
infection include acute scrotal swelling with tenderness, erythema, 
skin necrosis, and systemic manifestations of fever, chills, and septi- 
cemia. The most common organisms identified include Staphylococcus 
aureus, Bacteroides fragilis, Escherichia coli, Clostridium perfringens, and 
streptococcal species. Despite aggressive treatment, mortality rates 
approach 50%. 


REFERRED PAIN 


Pain in the scrotum without inflammatory signs or abnormalities on 
physical examination may be referred pain. Sensory innervation to the 
scrotum includes the genitofemoral and ilioinguinal nerves. Most 
common causes include distal ureteral stones and constipation. 


° Testicular torsion is a surgical emergency and acute scrotal pain 
should be evaluated promptly. Physical examination findings sug- 
gesting testicular torsion include marked tenderness, high-riding 
testis, and absent cremasteric reflex. 
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° Partial or intermittent torsion can present with persistent arterial 
blood flow on ultrasonography. 

° A varicocele before puberty or on the right side is a red flag; abdom- 
inal ultrasonography is indicated. 
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Menstrual Problems and Vaginal Bleeding 


PREPUBERTAL VAGINAL BLEEDING 


The source of abnormal bleeding during childhood is much more 
likely to be the vulva or vagina rather than the uterus. There are unique 
characteristics making history and physical examination effective in 
narrowing the diagnostic possibilities as seen in Table 22.1. Collecting 
information regarding recent trauma, medication exposure, rashes or 
irritation of the external genitalia, abdominal pain, chronic cough, 
constipation, and malodorous discharge are essential in making a diag- 
nosis efficiently. A sensitive assessment regarding the possibility of 
sexual assault should be made, and an age-appropriate physical exami- 
nation should be conducted noting the presence or absence of other 
pubertal signs, abnormalities of the vulva or urethra, vaginal discharge, 
and abdominal or vaginal masses. 

Vaginal bleeding presenting within the first several days of life is 
most commonly due to estrogen withdrawal. Maternal estrogen enters 
fetal circulation stimulating growth of the endometrium. External 
genitalia examination typically reveals estrogenization, with thickened 
vulvar mucosa and leucorrhea. Several days after delivery, serum estro- 
gen levels fall significantly, leading to a reduction of blood supply to 
the endometrium and the lining sheds as ischemia develops. If vaginal 
bleeding occurs within the Ist few days of life with a normal physical 
examination, a work-up is not needed provided the bleeding spontane- 
ously resolves. 

The presence of a vaginal foreign body is another common cause 
of vaginal bleeding in early childhood. This bleeding is often described 
as persistent, light in quantity, brown colored, and malodorous. The 
physical examination is unremarkable other than detection of a vaginal 
malodor. The most common foreign body in the vagina is toilet paper, 
although many other solid objects have been reported. Depending on 
the age and cooperation of the patient, lateral and downward traction 
of the labia majora may allow direct visualization of the foreign body. 
Toilet paper can be retrieved in the office by gently irrigating the vagina 
with water using a small, flexible pediatric feeding tube. In cases where 
the patient is not able to cooperate, a vaginoscopy under sedation 
should be performed. One technique is to place an 8 French Foley 
catheter in the vagina. A 5-mm laparoscope is simultaneously placed 
in the vagina. Saline is then flushed into the vagina using the Foley 
catheter while the labia majora are manually held together. The vagina 
is then distended allowing for complete visualization of the vaginal 
cavity including the cervix and any foreign body present. Simply 
removing the foreign body will adequately treat the symptoms; no 
antibiotic therapy is needed. A vaginal foreign body should not auto- 
matically trigger a full sexual assault evaluation; this investigation 
should be conducted if there is indication by history, or if suspicious 
scarring of the posterior fourchette is noted. 

Prepubertal vaginal infection may present with bleeding and dis- 
charge, but unlike foreign body, the bleeding is typically red in color 
and nonmalodorous. Vaginal infection is also associated with com- 
plaints of external genital irritation. Mucosal erythema on physical 
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examination is notable, particularly when the pathogen is group A 
B-hemolytic streptococcus. The diagnosis is confirmed with culture of 
the vaginal canal. A specimen for culture can be collected using the 
gentle irrigation technique described previously if vaginal swab place- 
ment is not possible. In addition to group A B-hemolytic streptococ- 
cus, other pathogens that are commonly identified include Haemophilus 
influenzae, Escherichia coli, Shigella, and Salmonella species with the 
latter 2 being particularly associated with vaginal bleeding. Notably, 
Candida infections of the vagina are uncommon in this population. A 
recent history of an upper respiratory infection should raise suspicion 
of this diagnosis as the majority of vaginal infections arise from 
autoinoculation. 

Vulvar dermatoses can also present with vaginal bleeding and sig- 
nificant irritation or pain of the external genitalia. In this case, the 
bleeding is minimal, typically related to trauma from scratching. While 
vulvar dermatosis in the prepubertal population is relatively uncom- 
mon, lichen sclerosus and psoriasis are the most commonly described 
conditions. Suspicion for either condition should be raised if extra- 
genital skin findings are noted, or if a positive family history is elicited. 
The typical appearance of lichen sclerosus is white parchment paper- 
like appearance in an hourglass distribution. Obliteration of the labia 
minora and clitoris can occur with long-standing disease. The treat- 
ment involves short courses of high-potency topical steroids and 
usually resolves as serum estrogen levels rise with maturation. Psoriasis 
typically appears as an erythematous plaque or papule marked by fis- 
sures, erosions, or scales. Treatment includes topical steroids, fluori- 
nated ointments, and emollients. In both cases, biopsy is needed to 
confirm the diagnosis; however, if clinical suspicion is high and symp- 
toms are severe, empiric treatment prior to biopsy is reasonable. Other 
vulvar lesions that can produce bleeding include hemangiomas and 
genital warts. 

Urethral prolapse is another cause of prepubertal vaginal bleeding 
associated with a classic physical examination finding. The only com- 
plaint is bleeding; there is no coexisting pain or irritation. The limited 
estrogen levels in childhood leave the urethra vulnerable to prolapse, 
especially in the setting of frequent valsalva maneuvers from chronic 
cough or constipation. On physical examination, the urethra appears 
prominent, erythematous, and tubular “doughnut shaped,” protruding 
well beyond the urethral meatus. Topical estrogen therapy for 1-2 
weeks is typically effective in resolving this condition. Rarely, urethral 
necrosis can occur in which conservative therapy with estradiol can 
still be effective; however, surgical resection may be needed. 

While the vast majority of lesions of the external genitalia causing 
prepubertal bleeding are benign, malignancy has been reported. 
Sarcoma botryoides, a variant of rhabdomyosarcoma, is the most 
common vaginal tumor in childhood. The classic description of this 
tumor is a protruding vaginal mass with grapelike vesicles. Other 
malignant tumors of the lower genital tract that have been reported 
include mesencymal tumors, neural ectodermal tumors in the Ewing 
family, and mixed miillerian tumors. Any abnormal-appearing vaginal 


339 


CHAPTER22 Maenstrual Problems and Vaginal Bleeding 


(See Nelson Textbook of Pediatrics, p. 2613.) 


SECTION4 Genitourinary Disorders 


TABLE 22.1 Causes of Prepubertal Bleeding 


Pain or Irritation 
Estrogen withdrawal No 
Foreign body No 
Vaginal infection 
Vulvar dermatoses 


Urethral prolapse 
Straddle injury 
Precocious puberty No 


Vaginal malignancy Possible 


Associated Characteristics Family History 
Within 1st wk of life No 
Malodorous No 
Recent upper respiratory infection No 


Vulvar discoloration or lesion 
Extragenital skin findings 


Chronic cough or constipation 
Red, beefy, protuberant urethra 
Provoking injury 

Visible laceration 


Cyclic pattern of bleeding 
secondary sexual characteristics present 


Visible mass 


TABLE 22.2 Comparison of GnRH-Dependent and GnRH-Independent Precocious Puberty 
GnRH-Independent Precocious Puberty 


GnRH-Dependent Precocious Puberty 


Prevalence More common 


Family history of early puberty Positive 


Unique characteristics 


GnRH stimulation test Positive 


CNS, central nervous system; GnRH, gonadotropin-releasing hormone. 


mass should raise concern for malignancy and should prompt a refer- 
ral to an appropriate specialist for evaluation. 

Bleeding secondary to a perineal injury presents acutely with pain 
and is associated with a clear provoking event unlike the other causes 
of childhood vaginal bleeding. Straddle injuries are the most common 
childhood injury to the genitalia and can lead to a bleeding laceration. 
This injury is caused by a nonpenetrating blunt force to the perineum 
when the legs are apart. Classic activities associated with straddle 
injuries include bike riding, playing on a seesaw, and gymnastics. 
An examination must be done to determine whether the laceration 
requires primary closure with suture. Conscious sedation or examina- 
tion under anesthesia is appropriate for straddle injury evaluations as 
pain may prohibit a thorough evaluation. If the history does not sub- 
stantiate the injury, a sensitive interview should be conducted prior to 
the examination. Co-examination with the sexual assault team is 
important should there be any suspicion. 

Prepubertal vaginal bleeding presenting with breast development 
and growth acceleration should raise concern for precocious puberty. 
Pubertal changes before age 8 is precocious, and important historical 
cues that are helpful in making a diagnosis include symptoms of, or 
known existing central nervous system (CNS) abnormalities, symp- 
toms of hypothyroidism, family history of early puberty, Peutz-Jeghers 
syndrome or neurofibromatosis, type 1. Height, Tanner staging of the 
breast and pubic hair, and external genital changes consistent with 
estrogen exposure, such as elongation of the labia minora and thicken- 
ing of vulvar mucosa, should be specifically evaluated during physical 
examination. Café-au-lait spots, presence of an abdominal mass, and 
thyroid gland abnormalities should also be assessed. Radiographic 
imaging of the left wrist showing advanced bone age signifies elevated 
serum estrogen levels and is a good, initial screening test. Laboratory 


History or symptoms of CNS lesions, tumors, or infections 


Less common 
Negative 


symptoms of hypothyroidism, café-au-lait lesions, 
known Peutz-Jeghers syndrome 


Negative 


evaluation confirming precocious puberty includes elevated serum 
estradiol, androgen panel, and gonadotropins. 

Early elevated serum estrogen most commonly occurs because of 
maturation of the hypothalamic-pituitary-ovarian (HPO) axis, termed 
gonadotropin-releasing hormone (GnRH)-dependent precocious 
puberty. In this condition, the pathology is simply the early timing of 
maturation. Administration of a GnRH analog is effective in temporar- 
ily stopping anterior pituitary production of gonadotropins, ultimately 
preventing sex hormone production from the ovary. The purpose of 
halting early puberty is to avoid age-inappropriate social contact, and 
to preserve height, which is particularly effective when treating patients 
6 years of age or younger. Rarely, GnRH pulsatile release is stimulated 
by CNS abnormalities such as infection, tumors, hydrocephaly, menin- 
gomyelocele, neonatal encephalopathy, or cranial radiation. Type 1 
neurofibromatosis and tuberous sclerosis are also associated with 
GnRH-dependent precocious puberty. Imaging of the CNS should be 
aggressively pursued if there is suspicion of a CNS lesion, if pubertal 
progression is rapid, or if the child is under age 6. 

GnRH-independent precocious puberty is a much less common 
cause of precious puberty. In this condition, the hypothalamus is not 
driving ovarian sex steroid hormone production. Conditions such as 
malignant granulosa cell tumors of the ovary, benign ovarian cysts, or 
tumors of the pituitary or adrenal gland are responsible for the ele- 
vated serum estrogens. McCune-Albright syndrome, Peutz-Jeghers 
syndrome, and hypothyroidism are associated with GnRH-independent 
precocious puberty as well. 

GnRH-dependent and -independent precocious puberty are associ- 
ated with different history and physical examination cues (‘Table 22.2). 
A GnRH stimulation test is effective in differentiating these 2 processes. 
A rise in gonadotropins after exogenous administration of GnRH 
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TABLE 22.3 Causes of Abnormal Bleeding in Adolescents 


Intermenstrual 


Cycle Length Bleeding 


Coagulopathy 


Prolonged No Yes 


HPO axis immaturity Variable 


PCOS Variable 


Endometrial causes Prolonged 


Contraceptive Prolonged 


breakthrough 


Adenomyosis Prolonged 


Leiomyoma Prolonged 


Polyp Prolonged 


HPO, hypothalamic-pituitary-ovary; PCOS, polycystic ovary syndrome. 


suggests that the HPO axis is active, confirming GnRH-depending 
precocious puberty. 


ABNORMAL BLEEDING IN ADOLESCENCE 


Establishment of the menstrual cycle is a major hallmark of adoles- 
cence. The menstrual cycle serves as a marker of health, so much so, 
it has been heralded as a “vital sign” during adolescence. Irregular 
menstrual bleeding may simply be related to the maturation of the 
complex physiologic process leading to puberty. In other cases, irregu- 
lar menstrual bleeding may be a symptom of a significant medical 
condition (Table 22.3). A basic understanding of the menstrual cycle 
is helpful when trying to understand the many causes of abnormal 


bleeding. 


REVIEW OF THE MENSTRUAL CYCLE 


Complex interaction between the hypothalamus, pituitary, ovary, and 
uterus leads to ovulatory menstrual cycles (Fig. 22.1). The hypothala- 
mus releases pulses of gonadotropin-releasing hormone (GnRH) into 
a portal system to the pituitary gland. The anterior pituitary is stimu- 
lated to release the gonadotropins, follicle-stimulating hormone (FSH) 
and luteinizing hormone (LH), when exposed to GnRH pulses. LH acts 
on the theca cells of the ovary leading to androgen production; these 
hormones are aromatized to estrogens in the granulosa cells of the 
ovary under the influence of FSH. This drives development of the 
dominant follicle. 

Interaction between the anterior pituitary and ovary is complex in 
that it is bidirectional. Gonadotropin release is stimulated by GnRH, 
and modulated by ovarian hormones, both the sex steroid hormones 
and the peptide hormones, activin and inhibin. In the first half of the 
cycle, the dominant follicle grows in size leading to increased estradiol 
production. A positive feedback relationship is seen between the ovary 
and the anterior pituitary with higher levels of estradiol stimulating 
gonadotropin release. This ultimately leads to the LH surge, triggering 
ovulation. 


Heavy Menses 


Variable 
Variable 


Unique Characteristics Family History 


Bruising Yes 
Epistaxis 

Gingival bleeding 

None 


Acne 

Hirsutism 

Central obesity 

Unprotected sexual activity 

Vaginal discharge 

Fever 

Cervical motion tenderness 

Uterine tenderness 

Progesterone-only contraceptive use No 
Improper use of hormonal contraception 


symmetrically enlarged uterus Possible 


Asymmetrically enlarged uterus Yes 
None No 
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FIGURE 22.1 Hypothalamic-pituitary-ovarian endometrial axis: changes 
over time. FSH, follicle-stimulating hormone; GnRH, gonadotropin- 
releasing hormone; LH, luteinizing hormone. 


Postovulation, the dominant follicle transforms into a progesterone 
secreting corpus luteum. During this phase of the cycle, estradiol 
inhibits gonadotropin release preventing the development of another 
dominant follicle. The corpus luteum sustains progesterone secretion 
for 14 days; beyond this point, continued progesterone secretion is 
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(See Nelson Textbook of Pediatrics, p. 963.) 


SECTION4 Genitourinary Disorders 


TABLE 22.4 New Classification System for 
Abnormal Bleeding 


PALMI COIEN 

Polyp Coagulopathy 

Adenomyosis Ovulation dysfunction 

Leiomyoma latrogenic causes 

Malignancy Endometrial causes 
Not otherwise specified 


dependent on B-human chorionic gonadotropin (B-hCG) signaling 
from a pregnancy. If no pregnancy occurs, the corpus luteum regresses, 
and progesterone levels drop. 

The endometrium is a mucosal surface lining the uterine cavity. Its 
thickness and composition are under the control of estradiol and pro- 
gesterone. During the preovulatory estradiol-dominant phase, termed 
the proliferative phase, the endometrium rapidly grows. The endome- 
trial lining undergoes glandular differentiation to optimize implanta- 
tion during the postovulatory progesterone-dominant phase, termed 
the secretory phase. If no pregnancy occurs, the spiral arterioles sup- 
plying the endometrium undergo spasm secondary to waning estradiol 
and progesterone levels. The endometrium becomes ischemic and 
sheds, producing menstrual bleeding. The amount of menstrual blood 
directly correlates with the thickness of the endometrium, the activity 
of the coagulation cascade directing the clotting of the vessels, and the 
re-exposure to estrogen with the start of the new cycle. Any abnormal- 
ity in these processes can lead to an abnormal bleeding pattern. 

Normal parameters of the menstrual cycle should be understood 
to correctly identify abnormal patterns of bleeding. The cycle interval 
describes the number of days between the first day of 1 period and the 
Ist day of the next period. A normal cycle interval in adolescents is 
between 21-45 days, with the most common upper limit of 35 days. 
The cycle length describes the number of days menstrual bleeding lasts. 
A normal cycle length is conventionally described as between 3 and 7 
days. The amount of bleeding is much harder to quantify. Greater than 
80 mL of menstrual blood loss during a cycle is considered pathologi- 
cally heavy, with the average blood loss being 30 mL. The clinical 
impracticality of obtaining this information is obvious; subjective 
clinical interview is used to determine heavy blood flow. 

Information regarding the start of menarche, cycle interval, cycle 
length, bleeding between menses, and questions detailing the quantity 
of blood flow are essential in the assessment of abnormal bleeding. The 
Federation of Gynecology and Obstetrics Menstrual Disorders Group 
has recommended a classification system to categorize the causes of 
abnormal uterine bleeding. The acronym PALM-COEIN has been 
devised to categorize the multiple causes of abnormal uterine bleeding 
(Table 22.4). The conditions falling under the PALM group describe 
structural abnormalities and are much less common in the adolescent 
population than the nonstructural conditions falling under the COEIN 


group. 


PREGNANCY 


Pregnancy evaluation is an important early step in the assessment of 
abnormal bleeding in the adolescent. Bleeding in pregnancy, particu- 
larly in the 1st trimester is common and can occur with a normal or 
abnormal intrauterine pregnancy or an ectopic pregnancy. Pregnancy- 
associated bleeding can be light or heavy; similarly, it may be painless 
or associated with uterine cramping. A thorough history is helpful 
in understanding the heaviness of the current bleeding episode, the 
date of the last normal menstrual cycle, and assessing sexual and 


contraceptive activity. Physical examination can be helpful if the 
patient is beyond the 1st trimester as the uterus may be palpable on 
abdominal examination. A pelvic examination to assess the size of the 
uterus is helpful in the 1st trimester, but may not be appropriate for 
all adolescent patients. If a pregnancy is diagnosed by urine B-hCG 
testing, the viability of the pregnancy may be determined with ultra- 
sound or serial B-hCG measurements 48 hours apart early in preg- 
nancy. This hormone will increase by at least 53% over a 48-hour time 
period. B-hCG levels that drop or plateau are typically diagnostic of 
an abnormal intrauterine or ectopic pregnancy. 


COAGULOPATHY 


Bleeding dyscrasias, particularly platelet dysfunction, is associated with 
heavy and prolonged menstrual bleeding. In the adolescent popula- 
tion, menstrual cycles consistently lasting more than 7 days with a 
gushing sensation, or the need to change pads 8 or more times a day 
have been associated with a bleeding dyscrasia. Capturing information 
related to the cycle length, saturation of pads and frequency of change, 
frequency of menstrual blood leakage onto clothing, and the number 
of school days or social activities missed are effective in assessing heavy 
bleeding in the adolescent. Patients who report easy bruising, gingival 
bleeding, or frequent epistaxis should raise suspicion for a platelet 
function defect. The American College of Obstetricians and Gynecolo- 
gists recommends testing adolescent patients for dyscrasia if they have 
one of the following: menses lasting >7 days with flooding, gushing, 
or leakage through pads in 2 hours, a history of anemia, a family 
history of a bleeding disorder, or heavy bleeding after a hemostatic 
challenge such as tooth extraction, surgery, or child birth. A reasonable 
basic approach to testing involves evaluating the platelet count, pro- 
thrombin time/international normalized ratio and partial thrombo- 
plastin time, and von Willebrand disease panel. Hematology referral is 
advisable in patients with severe, heavy and prolonged bleeding, and 
for those patients whose bleeding is not controlled with standard 
hormone therapy. Although not as common as platelet function dis- 
orders, coagulation factor deficiencies may present with heavy uterine 
bleeding during adolescence. 


OVULATORY DYSFUNCTION 


The complex feedback relationship between estrogen and the anterior 
pituitary is the last part of the menstrual cycle to mature. Before posi- 
tive feedback is established, FSH may actually decrease with rising 
estrogen levels. This stunts dominant follicle development and ovula- 
tion does not occur. Without ovulation, the corpus luteum does not 
develop; consequently, progesterone secretion from the ovary is 
limited. The endometrial lining is unstable without progesterone influ- 
ence leading to an abnormal bleeding pattern. This scenario is often 
termed immaturity of the HPO axis. The associated anovulatory bleed- 
ing pattern can present as frequent, absent, or heavy uterine bleeding. 
The abnormal bleeding associated with HPO immaturity is typically 
seen within the first 3 years of menarche, but can persist for 5 years 
after menarche. While this is the most common cause of irregular 
bleeding in early adolescence, other causes should be considered 
because immaturity of the HPO axis is a diagnosis of exclusion. 
Polycystic ovary syndrome (PCOS) is a complex endocrinopathy 
that is likely the result of a heterogeneous combination of influences 
including genetics, the intra- and extrauterine environment, insulin 
resistance, steroid hormone metabolism, and other metabolic abnor- 
malities. The presenting clinical pattern can include hyperandrogen- 
emia causing hirsutism and acne, infrequent or absent ovulation 
leading to amenorrhea, oligomenorrhea, and subfertility, polycystic 


ovaries on ultrasound, and eventual development of metabolic syn- 
drome (obesity, type 2 diabetes, hypertension). The bleeding pattern 
most commonly associated with PCOS is infrequent or absent menses, 
although prolonged and heavy bleeding may occur. Diagnosis of PCOS 
typically relies on a variable presentation of 3 key features: hyperan- 
drogenism, oligomenorrhea, and polycystic-appearing ovaries. The 
hormonal changes and physical symptoms associated with PCOS 
overlap greatly with early adolescence, making the evaluation particu- 
larly difficult in this age group. A stricter criterion for diagnosis 
includes hyperandrogenemia and progressive hirsutism, cycle length 
of 45 days or more, and polycystic ovaries with a size greater than 
10 cm by sonogram. The diagnostic work-up of PCOS also involves 
the exclusion of mimicking causes such as late-onset congenital adrenal 
hyperplasia, androgen-secreting tumors, and Cushing disease. Normal 
early adolescence should also be considered as a mimicking condition. 
Therefore, considering this diagnosis within the 2 years of menarche 
should be done with caution, and only in the case of obvious pathol- 
ogy. Given the association of PCOS with future morbidity, these ado- 
lescents should be monitored closely and retested if the abnormal 
bleeding pattern persists. 

Thyroid dysfunction can lead to an abnormal uterine bleeding 
pattern by disrupting ovulation. Similar to PCOS, the bleeding pattern 
most commonly associated with thyroid dysfunction is absent or infre- 
quent menses, but heavy, prolonged bleeding can develop. In this case, 
severe hypothyroidism leads to significantly elevated levels of thyroid- 
stimulating hormone. This hormone, also from the anterior pituitary, 
has FSH-like activity and stimulates the stromal cells of the ovary to 
produce high levels of estrogen. The dysregulated production of estro- 
gen leads to a thickened endometrial lining that eventually outgrows 
its blood supply, leading to ischemia and shedding. Bleeding is heavy 
and prolonged because this shedding is asynchronous, and the volume 
of endometrium is high. 
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Ovulatory dysfunction often presents as absent menses or amenor- 
rhea. The amenorrhea presentation has an extremely wide range of 
diagnostic possibilities, some of which are associated with significant 
morbidity and even mortality if not recognized. Significant anatomic 
abnormalities, male karyotype, tumor of the anterior pituitary gland, 
significant malnutrition, and premature ovarian insufficiency illustrate 
the complexity of diagnostic possibilities (Table 22.5). 

The 1st step in accurate diagnosis is determining when amenorrhea 
is actually pathologic. A work-up for absent menses should be done 
for adolescents who show no signs of secondary sexual maturation by 
age 13, no menses with other sexual characteristics by age 15, or if more 
than 3 months pass between menstrual cycles. Starting with a thorough 
history to identify any risk factors such as known renal anomalies, 
childhood exposure to chemotherapy or radiation, exercise and nutri- 
tion imbalance, galactorrhea, or family history of early menopause is 
important. A physical examination, including assessment of height, 
body mass index, acne and hirsutism, Tanner staging of breast and 
pubic hair development, and confirmation of a patent vagina if appro- 
priate can help to further narrow the diagnostic possibilities. Ultra- 
sound evaluation is a reasonable early test if the patient is not amenable 
to an examination, particularly if there is high risk of an anatomic 
abnormality. Laboratory assessment should include a pregnancy test, 
and serum thyroid-stimulating hormone, FSH, and prolactin. 

If the thyroid or pregnancy testing is abnormal, the diagnosis is 
clear. If the prolactin level is elevated and there is no evidence of hypo- 
thyroidism, magnetic resonance imaging of the anterior pituitary is 
warranted. Over 50% of the time, an elevated prolactin level is second- 
ary to an anterior pituitary tumor. Other CNS lesions that irritate 
the pituitary stalk are also associated with elevated prolactin levels. A 
thorough medication review should also be conducted in the case of 
hyperprolactinemia as this is a common side effect of antipsychotic 
medications that competitively bind to dopamine receptors, effectively 


TABLE 22.5 Characteristics of the Causes of Amenorrhea 


FSH Karyotype 


Turner syndrome Elevated 45X 


XY gonadal dysgenesis Elevated 


Hypothalamic amenorrhea Low or normal 


Imperforate hymen Normal 


PCOS Normal 


Mullerian anomalies Normal 


AIS Normal 


Premature ovarian Elevated 


insufficiency 


Kallman syndrome Low or normal 


AIS, androgen insensitivity syndrome; PCOS, polycystic ovary syndrome. 


Family History 
Fragile X syndrome 


Possible 


Classic Unique Findings 


Short stature 

Webbed neck 

Lymphedema of hands and feet 
Low neck hairline 

No secondary sexual development 
Low body mass index 

Poor dentition 

Pain 

Bulging hymen 

Acne 

Hirsutism 

Central obesity 

Normal breast development 
Absent vagina 

Normal breast development 
Scant or no body hair 

Absent vagina 


Variable presence of secondary sexual characteristics 


Inability to smell 
Absent secondary sexual characteristics 
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lowering dopamine activity leading to an elevation of prolactin 
secondary to the inhibitory relationship between dopamine and 
prolactin. 

An elevated FSH is associated with complex diagnoses such as 
premature ovarian insufficiency and gonadal dysgenesis. Immediate 
karyotype evaluation should be performed with the intent of making 
an early diagnosis of Turner syndrome or gonadal dysgenesis involv- 
ing an XY karyotype. Both of these conditions are associated with 
significant morbidity if early treatment is not initiated. XY karyotype 
is associated with malignancy requiring gonadectomy; Turner syn- 
drome is associated with left-sided cardiac abnormalities (bicuspid 
aortic valve, coarctation of aorta) in 50% of patients. Certainly emo- 
tional support, with both individual and family therapy, and referral 
to a support group should be considered in patients with the elevated 
FSH, as natural fertility is compromised and to support any gender 
identity concerns that might be raised. 

In many cases of amenorrhea, the hormone evaluation and physical 
examination will be largely normal. Functional hypothalamic amenor- 
rhea, most likely caused by immaturity of the HPO axis, is a diagnosis 
of exclusion and presents with either normal or low FSH levels. Iden- 
tification of excessive stress related to either the social environment or 
a medical condition, sports or exercise activity not supported with 
sufficient calories, physical examination findings confirming poor 
nutrition based on low body mass index percentile, or poor dentition 
from frequent vomiting are important to identify. Amenorrhea and 
anosmia is suspicious for Kallmann syndrome, which is associated with 
GnRH deficiency. In the case of functional hypothalamic amenorrhea, 
magnetic resonance imaging of the central nervous system should be 
considered when the history interview does not produce any suspicion 
for stress or nutrition abnormalities, and particularly when symptoms 
such as nausea, headaches, and vision changes are present. 


ENDOMETRIAL CAUSES 


Infection and inflammation of the endometrium can lead to an abnor- 
mal uterine bleeding pattern. The bleeding pattern can range from 
light, intermenstrual bleeding to prolonged menstrual bleeding. Infec- 
tion of the upper genital tract, pelvic inflammatory disease (PID), is a 
common diagnosis in adolescents and is directly linked to the high 
prevalence of gonorrhea and chlamydia infections in this population. 
Treating gonorrhea and chlamydia infections of the lower genital tract 
has been shown to reduce the risk of PID, which has clinical implica- 
tions much more severe than abnormal bleeding. Testing for gonor- 
rhea and chlamydia infections is recommended at least annually in 
sexually active women 25 years of age or younger, regardless of symp- 
toms. Nucleic acid amplification test (NAAT) is the most sensitive and 
clinically useful as testing can be done on urine specimens and vaginal 
swabs as well as endocervical specimens. An infectious source of bleed- 
ing should be considered when evaluating a sexually active teenager. 


IATROGENIC CAUSES 


The most common group of medications that lead to abnormal uterine 
bleeding prescribed to adolescents is hormonal contraceptives. This 
bleeding is referred to as breakthrough bleeding and is typically 
described as prolonged or intermenstrual and is rarely heavy. Combi- 
nation contraceptives (pills, transvaginal ring, and transdermal patch) 
are designed to provide 21 days of hormones for the purpose of block- 
ing ovulation, and 7 days of placebo triggering the endometrium to 
shed, leading to a menstrual cycle. If pills are missed, or if the trans- 
dermal patch or ring are left in place longer than prescribed, or 
removed too early, endometrial bleeding will be triggered. In some 


cases, breakthrough bleeding may occur even if the contraceptive 
method is being used correctly. Some follicular development has been 
described particularly with the very low dosage ethinyl estradiol con- 
traceptive pills. While this is not associated with lower contraceptive 
efficacy, it may be associated with more ovarian cyst development and 
irregular bleeding. All progestin-only contraceptive methods are par- 
ticularly troublesome for the breakthrough bleeding side effect. The 
majority of women using progesterone-only contraception report 
abnormal bleeding pattern after 1 year of use; however, the longer these 
methods are used, the more acceptable the bleeding pattern becomes. 
The actual mechanism causing breakthrough bleeding when using 
progesterone-only contraception is not clear; endometrial evaluation 
shows abnormal, enlarged, thin-walled fragile blood vessels. The intra- 
uterine device (IUD), both the progestin-releasing and the nonhor- 
monal device, can be associated with an abnormal bleeding pattern 
after initial insertion; the abnormal bleeding pattern will improve over 
time. The majority of hormonal IUD users ultimately experience a 
decrease in monthly menstrual bleeding, while the majority of non- 
hormonal IUD users report no change from their preinsertion men- 
strual pattern after 1 year of use. 

Abnormal bleeding in adolescents can be associated with nonhor- 
monal medications as well. Anticoagulation medications can lead to a 
heavy and prolonged bleeding pattern, especially when supra- 
therapeutic anticoagulation occurs. In some cases, the bleeding associ- 
ated with anticoagulation is quite heavy and requires acute, aggressive 
therapy to prevent significant anemia. A strategy to avoid heavy men- 
strual bleeding from anticoagulation is to start a safe hormonal con- 
traceptive method with the purpose of limiting menses altogether. 


NOT YET CLASSIFIED 


Persistent abnormal bleeding sometimes requires multiple evaluations 
over time to identify the cause. In many cases, the initial evaluation, 
even when complete, may not identify the abnormality. PCOS is a 
good example of a condition that evolves over time and sometimes 
requires multiple evaluations to confirm. If the bleeding pattern is 
causing anemia or significant quality-of-life disruption, treatment 
should not be withheld simply because a clear diagnosis has not been 


established. 


STRUCTURAL CAUSES: PALM 


The structural causes of abnormal bleeding are much less common in 
the adolescent population. Gynecologic malignancy and hyperplasia 
in adolescence are rare conditions. In the case of the rare vaginal or 
cervical malignancy, the abnormal bleeding is typically prolonged or 
intermenstrual; endometrial malignancies and uterine sarcomas, also 
exceedingly rare, typically present with heavier bleeding. Ovarian 
germ cell tumors are the most common gynecologic malignancy 
during adolescence, most commonly presenting in the 15-19 year age 
group. Abnormal uterine bleeding is not a common presenting 
symptom of germ cell tumors; however, malignant stromal cell tumors 
of the ovary, specifically juvenile granulosa cell tumors, classically 
present with heavy and prolonged uterine bleeding. Ultrasound evalu- 
ation should be immediately performed if an adolescent presents with 
abnormal uterine bleeding and an abdominal mass. 

In addition to malignancy, ultrasound evaluation is effective in 
diagnosing leiomyomas (fibroids) and polyps. Both represent a benign 
overgrowth of uterine tissue, and, again, are extremely uncommon in 
the adolescent population. A leiomyoma is a smooth muscle tumor of 
the myometrium that loses growth regulation and often presents 
with heavy and prolonged uterine bleeding. A polyp is typically an 


overgrowth of the endometrium or the endocervix and classically pre- 
sents as intermenstrual bleeding. This structural abnormality is not 
well reported in the adolescent population. Adenomyosis is another 
abnormality where islands of endometrial tissue are embedded in the 
myometrium of the uterus. While this condition is rare in the adoles- 
cent population, it typically presents with heavy and prolonged bleed- 
ing, similar to a leiomyoma. Adenomyosis is also a benign condition, 
but unlike leiomyoma, the sensitivity of ultrasound diagnosis is low; 
magnetic resonance imaging is more sensitive and reliable for 
diagnosis. 


CONGENITAL ANOMALIES 


Miillerian anomalies are another important structural cause of 
abnormal bleeding. The miillerian ducts, embryonically called the 
paramesonephric ducts, appear 37 days post fertilization and undergo 
a process of invagination, elongation, fusion, and resorption with 
canalization to become the fallopian tubes, uterus, cervix and upper 
vagina. Miillerian anomalies result from agenesis, failed resorption, or 
failed lateral fusion. Absent menstrual bleeding is the most common 
abnormal bleeding pattern associated with miillerian anomalies, 
although most anomalies, such as bicornuate, didelphys, and septate 
uterus do not result in abnormal bleeding. Anomalies presenting with 
amenorrhea are associated with an absence of the vagina, uterus and/ 
or cervix, or a complete obstruction such as a transverse vaginal 
septum. 

Anomalies involving a transverse vaginal septum are actually quite 
rare and may present with prolonged irregular bleeding as well as with 
amenorrhea. If spontaneous perforation of the vaginal septum occurs, 
a prolonged, irregular bleeding pattern is produced. Similarly, an 
obstructed hemivagina that spontaneously ruptures leads to a similar 
bleeding pattern. This miillerian anomaly describes uterine didelphys 
and bicollis, with a partial vaginal septum obstructing the outflow of 
one of the miillerian tracts. If an abnormality of the upper genital 
tract is suspected, magnetic resonance imaging is indicated for 
confirmation. 

A simple external genital examination should always be done 
during the evaluation of amenorrhea as imperforate hymen, a struc- 
tural anomaly much more common than miillerian anomalies, is easily 
diagnosed by inspection. An imperforate hymen is the complete 
obstruction by the hymenal membrane at the level of the vaginal 
introitus preventing the passage of menstrual bleeding. Pain is a key 
complaint. Diagnosis by examination is reliable as the hymenal tissue 
is often bulging from the pressure resulting from the hematocolpos. In 
this case, a simple surgical procedure to remove the redundant hymen 
can be done to achieve normal anatomy. 

Mayer-Rokitansky-Kuster-Hauser (MRKH) syndrome and an- 
drogen insensitivity syndrome (AIS) are 2 other diagnostic possibili- 
ties that present with absent vagina and amenorrhea. In both of these 
conditions, the miillerian structures are absent, and both external geni- 
talia and breast development are consistent with a female phenotype. 
Karyotype and testosterone level differentiates the 2 disorders, as 
MRKH individuals are 46,XX with serum testosterone in the female 
range whereas AIS individuals are 46,XY with testosterone levels in the 
male range. In AIS, the absent androgen activity leads to female exter- 
nal genitalia development and limited body hair, as well as no wolffian 
structure development. Peripheral conversion of androgens to estro- 
gens leads to estrogenization, specifically breast development, during 
puberty. The gonads are at risk for malignancy and removal after 
achievement of adult height is recommended. After gonadectomy, es- 
trogen replacement is needed until natural age of menopause is reached 
for optimal health. AIS is significantly less common than MRKH (2- 
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5/100,000 vs 4/1500) and is associated with an X-linked recessive in- 
heritance pattern, whereas MRKH appears to be more sporadic. 


TREATMENT 


Progestins alone, or in combination with estradiol, are the most effec- 
tive medical therapy to treat abnormal bleeding in adolescents. Hor- 
mones should be considered Ist-line therapy even when managing 
adolescents with bleeding dyscrasias or structural abnormalities such 
as adenomyosis or leiomyomas. When given cyclically, especially in the 
combination contraceptive formulation, bleeding becomes regular and 
light. If progestin-only therapy is given continuously, menstrual bleed- 
ing will theoretically be suppressed, although breakthrough bleeding, 
as described previously, can occur. 

Selecting the best method for abnormal bleeding management 
should first focus on safety considerations, particularly if an estrogen- 
containing treatment is selected. Contraindications to estrogen therapy 
are listed in Table 22.6. After a determination of safety is made, a 
detailed discussion should be held to determine any potential compli- 
ance concerns as improper use of hormone therapy can lead to irregu- 
lar bleeding and ultimately treatment failure. 

Antifibrinolytics, specifically tranexamic acid, are effective nonhor- 
monal medications that can be considered for those adolescents who 
are not comfortable taking hormonal medications or who have signifi- 
cant contraindications or side effects to hormone therapy. These medi- 
cations can also be used adjunctively with hormone therapy if bleeding 
control is suboptimal, but the risk for venous thromboembolism 
should be discussed with the patient. A platelet transfusion, factor 
replacement, desmopressin, intravenous immune globulin, or oral cor- 
ticosteroids may be appropriate adjunctive therapy depending on the 
etiology. Hormone therapy is effective in controlling bleeding second- 
ary to all of these conditions and should be concurrently administered. 
In the rare case of a malignancy, polyp, or a resectable partial anatomic 
blockage, surgical management is required. 

If abnormal uterine bleeding is profound, producing significant 
anemia, hormonal therapy remains the mainstay of medical treatment, 
but with different dosing regimens (see Table 22.7). Both estrogens and 
progestins alone or in combination are effective. High-dose progestin 
therapy leads to endometrial atrophy. High-dose estradiol therapy is 
effective by inducing endometrial vascular vasospasm, regenerating 
denuded epithelium, and increasing clotting factors. Both intravenous 
and oral high-dose estradiol preparations are available and the intra- 
venous route may be preferable in patients who are unable to tolerate 


TABLE 22.6 Contraindications to 
Estrogen Therapy 


Poorly controlled hypertension, or coexisting vascular disease 

Current/history of ischemic heart disease 

Liver dysfunction: severe cirrhosis, adenoma, hepatocellular carcinoma 

History of venous thromboembolism/known thrombophilia 

Complicated valvular heart disease 

Migraine with aura 

Active cancer or within 6 mo of treatment 

<6 mo since diagnosis of peripartum cardiomyopathy 

Diabetes with vascular complication 

Major surgery with prolonged immobilization 

Moderate to severe impairment of cardiac function 

Solid organ transplant complicated by graft failure, rejection, cardiac 
allograft vasculopathy 
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TABLE 22.7 Hormone Treatment 
Regimens for Acute Heavy Bleeding 


Combination Oral 
Contraceptives 
30-50 ug of ethinyl 
estradiol-containing 
tablets every 4-8 hr Or 
Taper dosage over norethindrone 5-10 mg 
several days when orally bid 
bleeding subsides 


IV Estrogen 
Conjugated estrogen 
25 mg every 4-6 hr 


Oral Progesterone 
Medroxyprogesterone 
20 mg orally bid to tid 


oral medication secondary to nausea. Regardless of which high-dose 
hormone regimen is used, once cessation of bleeding has been achieved, 
transitioning to a progestin-dominant therapy is imperative. If this is 
not done, sudden stoppage of the high dosage of hormone therapy will 
lead to withdrawal bleeding. Specific factor replacement, particularly 
factor VII replacement, may also be effective in controlling profound 
heavy bleeding, regardless of the cause. 

GnRH agonist therapy is another option to acutely control heavy 
uterine bleeding. The mechanism of action involves decreased expres- 
sion of GnRH receptors of the anterior pituitary secondary to receptor 
saturation, which leads to decreasing sex hormone production from 
the ovaries. This medication should be used with caution as a flare in 
bleeding may initially occur. Traditional dosing involves an intramus- 
cular injection of either 11.25 mg given at 3-month intervals, or 
monthly dosing of 3.75 mg. GnRH agonist therapy is limited to 12 
months of use secondary to the significant lowering of bone mineral 
density as a result of decreased circulating ovarian estrogens. Vasomo- 
tor symptoms are also a common side effect of decreased estrogens; 
treatment low-dose progestins or estradiol is typically effective in 
relieving symptoms. 

Management of acute bleeding may require surgical therapy. Place- 
ment of a Foley balloon into the endometrium filled with 30 mL of 
saline is effective by tamponading the bleeding endometrium and 
reducing the blood supply to the uterus by partially compressing the 
uterine arteries. The balloon is deflated gradually over 2-3 days while 
hormone therapy is ongoing. A dilation and curettage is often per- 
formed with Foley balloon placement. This procedure leads to endo- 
metrial thinning and can be effective in controlling heavy bleeding on 
its own. Again, hormone therapy should be ongoing. The final 2 surgi- 
cal options impair fertility and should be reserved as a last resort: 
uterine artery embolization and hysterectomy. Hysterectomy is the last 
resort when all other conservative management fails. 


MENSTRUAL PAIN IN ADOLESCENTS 


Dysmenorrhea, defined as pain during the menstrual cycle, is the most 
common reason adolescent patients seek gynecologic care. Pain is most 
commonly in the pelvis secondary to uterine cramping, but can also 
be reported in the back and upper thighs. Sixty to seventy percent of 
adolescents report pain during menses, and 15% report significant 
quality-of-life dysfunction leading to a disruption of normal activities. 
Dysmenorrhea is associated with ovulatory cycles; therefore, this 
symptom typically presents in the later adolescent years. Dysmenor- 
rhea, unlike chronic pelvic pain, presents with cyclic pain beginning 
within 48 hours of the Ist day of the menstrual cycle, and resolves by 
menstrual cycle day 2 or 3. Primary dysmenorrhea is significantly more 
common in adolescents. In this condition, high levels of prostaglandin 
E, and F,,, produced by the endometrium, cause painful uterine 


cramping. Secondary dysmenorrhea is the result of an anatomic 
abnormality causing uterine cramping. About 10% of adolescents with 
menstrual pain have secondary dysmenorrhea. 

If the physical examination is normal, and there are no factors in 
the medical history raising suspicion for an anatomic abnormality, 
empirical treatment without laboratory or radiologic evaluation is a 
reasonable approach. Nonsteroidal antiinflammatory drugs (NSAIDs) 
are effective therapy as prostaglandin production is directly reduced. 
This therapy is most effective when started 24-48 hours prior to the 
onset of pain. Contraceptive agents that block ovulation and limit the 
growth of the endometrial lining lead to a decreased in prostaglandin 
production and, therefore, are also effective in treating dysmenorrhea. 
Although NSAIDs are traditionally considered 1st-line therapy for 
primary dysmenorrhea, starting a contraceptive agent without an 
NSAID trial is acceptable given the inherent administration difficulty 
associated with proper NSAID use. Nontraditional therapies such as 
vitamin E, magnesium supplementation, acupuncture, transcutaneous 
electrical nerve stimulation, and dietary supplements are not well 
studied. 

If menses are reported to be painful, and if there is some persistence 
of pain between cycles, or if empirical therapy for primary dysmenor- 
rhea is unsuccessful after 3-6 months of treatment, a diagnosis of 
secondary dysmenorrhea should be considered. Uterine leiomyomas, 
adenomyosis, and outflow tract abnormalities that block the egress of 
menstrual blood can cause significant pain during menses and discom- 
fort between menstrual cycles. The most common cause of secondary 
dysmenorrhea during adolescence is endometriosis. The prevalence 
of endometriosis in the adolescent population has not been estab- 
lished, but 60% of adult women with endometriosis report symptoms 
prior to age 20, and 45-70% of adolescents undergoing laparoscopy for 
pain are found to have endometriosis. Confirmation of endometriosis 
is challenging as no blood test or imaging study is diagnostic. Laparo- 
scopic surgical evaluation of the pelvis can be helpful, but the lesions 
are often subtle and heterogeneous in appearance and consequently 
can be missed. The hormonal therapies effective in treating primary 
dysmenorrhea are also effective in the treatment of secondary dysmen- 
orrhea, with the exception of outflow tract obstruction abnormalities, 
which always require surgical management. The levonorgestrel intra- 
uterine device has been particularly effective in controlling symptoms 
of endometriosis and leiomyomas. 

While dysmenorrhea is a common premenstrual symptom, it is a 
different entity than premenstrual syndrome (PMS). The basic diag- 
nostic strategy for PMS involves confirming the presence of at least 1 
somatic complaint (breast tenderness, abdominal bloating, headache, 
or swelling of extremities) and 1 affective complaint (depression, angry 
outbursts, irritability, anxiety, confusion, or social withdrawal) during 
the 5 days preceding menses for 3 consecutive menstrual cycles. The 
symptoms must be resolved by the 4th day of the menses, and should 
not recur until at least 13 days have passed from cycle day 1 of the last 
menses. For diagnostic purposes, these symptoms should also nega- 
tively impact social or school participation. 

Premenstrual dysphoric disorder (PMDD) is often grouped with 
PMS but the diagnostic criteria differ. The American Psychiatric Asso- 
ciation requires at least 5 of the following symptoms: marked depressed 
mood, marked anxiety, marked emotional lability, persistent and 
marked anger, decreased interest in usual activities, difficulty concen- 
trating, lethargy, marked change in appetite, sleep disturbance, loss of 
control sensation, and physical symptoms of breast tenderness, swell- 
ing, headaches, joint pain, muscle pain, bloating, or weight gain. For 
diagnosis, the symptoms must interfere with activities and relation- 
ships, and the symptoms cannot be an exacerbation of a mood or 
personality disorder. These criteria must be confirmed by daily 


prospective ratings over 2 consecutive cycles. The pathophysiology of 
PMS and PMDD have been linked to the fluctuation of ovarian sex 
steroid hormones after ovulation. While no difference in hormonal 
levels have been confirmed in women with PMS/PMDD compared to 
those that do not have these conditions, there may be a different sero- 
tonin activity or y-aminobutyric receptor activity response to the 
hormone fluctuations during the luteal phase. 

Treatment options include hormonal suppression of ovulation to 
prevent the luteal phase fluctuation of hormones. Hormonal agents 
containing the 4th-generation progestin drospirenone have been effec- 
tive in controlling affective and somatic symptoms. The possible small 
increased risk of venothromboembolic events associated with this par- 
ticular progestin preparation warrants a careful risk-benefit analysis. 
NSAIDS and spironolactone have been shown to be helpful in the 
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alleviation of the physical symptoms. Selective serotonin reuptake 
inhibitors (SSRIs) have been put forth as a Ist-line treatment option 
in adult women with severe PMS and PMDD as improvement in both 
somatic and affective symptoms have been documented. However, the 
efficacy of these medications in adolescents with PMS/PMDD is 
unclear, and the association of these medications with increased sui- 
cidality has blunted widespread use. Nonpharmacologic therapies that 
have been utilized include exercise, stress management, cognitive- 
behavioral therapy, education about the syndrome, supplementation 
with calcium, magnesium, vitamin B,, and vitamin E, and chasteberry, 
ginkgo biloba, and St. John’s wort herbal remedies. Data supporting 
these therapies are promising, but limited for conclusions of efficacy. 
Red flags include a mass, extragenital bleeding, anemia, a positive 
family history, and the possibility of an abnormal pregnancy. 


Menstrual concerns and abnormal bleeding are common complaints 
in childhood and adolescence with a wide range of diagnostic possibili- 
ties. At first, the work-up may appear overwhelming. However, a thor- 
ough history and physical examination helps to quickly identify the 
more likely underlying causes, narrowing the laboratory and imaging 
evaluation that may be needed to efficiently make an accurate diagno- 
ses. Red flags in the evaluation include prolonged bleeding, anemia, or 
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fevers. For the vast majority of adolescents presenting with menstrual 
concerns, treatment can be initiated with limited evaluation secondary 
to the likelihood of the underlying cause being a benign, transient 
process. Abnormal bleeding in childhood typically warrants more of a 
diagnostic work-up, although most often, the underlying cause is also 
benign. 
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Disorders of Sex Develooment 


Patricia A. Donohoue 


The term disorders of sex development (DSD) replaces the former terms 
intersex and hermaphroditism (Table 23.1). The most common present- 
ing symptom of DSD is atypical (ambiguous) genitalia at birth. Other 
presenting signs and symptoms include lack of some or all aspects of 
pubertal development, postnatal virilization of a phenotypic female, 
or infertility. The classification of DSD is based on broad categories 
related to blood sex chromosome composition and gonadal structure. 
These categories include 46,XX DSD, 46,XY DSD, ovotesticular DSD, 
and sex chromosome DSD (Table 23.2). 

The terms atypical, or ambiguous genitalia, in a broad sense, refer 
to any case in which the external genitalia do not appear completely 
male or completely female. Although there are standards for genital 
size dimensions, variations in size of these structures do not always 
constitute ambiguity. 

Development of the external genitalia begins with the potential to 
be either male or female (Fig. 23.1 and Table 23.3). Virilization of a 
female, the most common form of DSD, results in varying phenotypes 
(Fig. 23.2) that develop from the basic bipotential genital appearances 
of the embryo (see Fig. 23.1). Degrees of virilization at birth are often 
classified using the Prader stages (Fig. 23.3). 


OVERVIEW OF SEX DIFFERENTIATION 


In typical differentiation from the sexually undifferentiated early fetus, 
the final phenotype of the external and internal genitalia is consistent 
with a normal sex chromosome complement (either XX or XY). The 
process of sex differentiation and development follows a consistent 
timeline (Fig. 23.4). The control of sex development is vast in its 
complexity and timing. A 46,XX complement of chromosomes as well 
as genetic factors, including DAX1, the signaling molecule WNT-4, 
CTNNBI1 and R-spondin 1, are among the many factors needed for 
the development of normal ovaries and miillerian (paramesonephric) 
ducts (uterus, fallopian tubes, and upper vagina). Development of the 
male phenotype requires the product of a Y chromosome gene called 
SRY (Sex-determining Region on the Y chromosome), which, in concert 
with products of other genes such as SOX9, SFI, WT1, FGF9 and 
others, directs the undifferentiated gonad to become a testis. SRY acts 
as a transcriptional regulator to increase cellular proliferation, attract 
interstitial cells from adjacent mesonephros into the genital ridge, and 
stimulate testicular Sertoli cell differentiation. Sertoli cells act as an 
organizer of steroidogenic and germ cell lines and produce antimiil- 
lerian hormone (AMH) that causes the female (paramesonephric) 
duct system to regress. Aberrant genetic recombinations may result in 
X chromosomes carrying SRY, resulting in XX males (46,XX testicular 
DSD), or Y chromosomes that have lost SRY, resulting in XY females 
(46,XY DSD due to gonadal dysgenesis). Epigenetic causes of abnormal 
sex differentiation have been shown in plants, invertebrates, and ver- 
tebrates and will likely be shown to contribute to human DSD as well. 


348 


Antimiillerian hormone (AMH) from the ipsilateral fetal testis 
causes the miillerian (paramesonephric) ducts to regress. In its absence, 
they persist as the uterus, fallopian tubes, cervix, and upper vagina. By 
about 8 weeks of gestation, the Leydig cells of the testis begin to 
produce testosterone. During this critical period of male differentia- 
tion, testosterone secretion is stimulated by placental human chorionic 
gonadotropin (hCG), which peaks at 8-12 weeks. In the latter half of 
pregnancy, lower levels of testosterone are maintained by luteinizing 
hormone (LH) secreted by the fetal pituitary. Testosterone produced 
locally initiates development of the ipsilateral wolffian (mesonephric) 
duct into the epididymis, vas deferens, and seminal vesicle. Develop- 
ment of the external genitalia also requires dihydrotestosterone 
(DHT), the more active metabolite of testosterone. DHT is produced 
largely from circulating testosterone and is necessary for fusion of the 
genital folds to form the penis and scrotum. DHT is also produced via 
an alternative biosynthetic pathway from androstanediol, and this 
pathway must also be intact for normal and complete prenatal viriliza- 
tion to occur. A functional androgen receptor, produced by an 
X-linked gene, is required for testosterone and DHT to produce the 
androgen effects. 

In the XX fetus with normal long and short arms of the X chromo- 
somes, the bipotential gonad develops into an ovary by about the 10th- 
11th week. This occurs only in the absence of SRY, testosterone, and 
AMH and requires a normal gene in the DSS (Dosage Sensitive Sex 
reversal) locus of DAX1 (DSS Adrenal hypoplasia congenital region on 
X, also known as NROB1), the WNT-4 molecule, and R-spondin 1. A 
female external phenotype will develop even in the absence of fetal 
gonads. Unlike development of the male external phenotype, which 
requires androgen production and its action, estrogen is unnecessary 
for normal female prenatal sex differentiation. This is demonstrated by 
46,XX patients who lack estrogen due to a deficiency of aromatase, the 
enzyme required for conversion of androgen to estrogen. Development 
of the ovary was once thought to be a passive process in the absence of 
SRY. Although the morphologic changes in the developing ovary are less 
marked than in the testis, there are a number of sequentially expressed 
genes and pathways that are required for complete ovarian development 
as well as maintenance of ovarian integrity postnatally. One of these 
genes is R-spondin 1 which, if mutated, can result in testicular or ovo- 
testicular development in 46,XX individuals. Once developed, the ovary 
requires FAX12 to preserve its differentiation and stability. 

Several genes important to the pathoetiology of DSD are listed in 
Table 23.4. 


OVERVIEW OF GONADAL FUNCTION 


Testes 


Levels of placental hCG peak at 8-12 weeks of gestation and in males 
hCG stimulates the fetal Leydig cells to secrete testosterone, the main 
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Revised Nomenclature 


TABLE 23.1 


Previous Currently Accepted 


Intersex Disorders of sex development (DSD) 
46,XY DSD 

46,XY DSD 

46,XY DSD 

46,XY DSD 

46,XX DSD 

46,XX DSD 

46,XX DSD 

46,XX DSD 

Ovotesticular DSD 

Ovotesticular DSD 

46,XX testicular DSD 

46,XY complete gonadal dysgenesis 


Male pseudohermaphrodite 
Undervirilization of an XY male 
Undermasculinization of an XY male 
46,XY intersex 

Female pseudohermaphrodite 
Overvirilization of an XX female 
Masculinization of an XX female 
46,XX intersex 

True hermaphrodite 

Gonadal intersex 

XX male or XX sex reversal 

XY sex reversal 


From Lee PA, Houk CP, Ahmed SF, et al. Consensus statement on 
management of intersex disorders. Pediatrics. 2006;118:e488-e500. 


hormonal product of the testis. In the classical androgen biosynthetic 
pathway (Fig. 23.5), testosterone is then converted by the enzyme 
501-reductase to its more potent metabolite, DHT. This early period is 
critical for virilization of the XY fetus including fusion of the midline 
to form the scrotum and extension of the urethral meatus to distal 
penile opening (see Fig. 23.1). Defects in this process lead to various 
deviations from typical male development. After virilization, fetal 
levels of testosterone decrease but are maintained at lower levels in the 
latter half of pregnancy by luteinizing hormone (LH) secreted by the 
fetal pituitary. This LH-mediated testosterone secretion is required for 
continued penile growth and to some degree, for testicular descent. 

As part of the normal transition from intrauterine to extrauterine 
life, perhaps related to the sudden withdrawal of maternal and placen- 
tal hormones, newborns and young infants experience a transient 
surge of gonadotropins and sex steroids. This is the so-called 
minipuberty. 

In males, LH and testosterone peak at 1-2 months of age and then 
decline to reach prepubertal levels by 4-6 months of age. Follicle- 
stimulating hormone (FSH), along with inhibin B, peaks at 3 months 
and declines to prepubertal levels by 9 and 15 months, respectively. 
The LH rise is more dominant than that of FSH. 


TABLE 23.2 Etitologic Classification of Disorders of Sex Development 


46,XX Disorders of Sex Development (DSD) 
Androgen Exposure 
Fetal/Fetoplacental Source 
Congenital Adrenal Hyperplasia 
21-Hydroxylase (CYP21A2) deficiency 
11B-Hydroxylase (CYP11B1) deficiency 
3B-Hydroxysteroid dehydrogenase Il (HSD3B2) deficiency 
Cytochrome P450 oxidoreductase (POR) 
Aromatase (CYP19) deficiency 
Glucocorticoid receptor gene mutation 
Maternal Source 
Virilizing ovarian tumor 
Virilizing adrenal tumor 
Androgenic drugs 


Disorders of Ovarian Development 
XX gonadal dysgenesis 
Testicular DSD 


Undetermined Origin/Associated with Genitourinary and 
Gastrointestinal Tract Defects 

Cloacal exstrophy 

MURCS association 

Mayer-Rokitansky—Ktister-Hauser syndrome 


46,XY DSD 
Defects in Testicular Development 
WT-1 Defects 
Denys—Drash syndrome 
Fraser syndrome 
WAGR syndrome 
Campomelic syndrome and SOX9 mutation 
SF1 mutation 
Mutation in SRY-gene (XY pure gonadal dysgenesis, Swyer syndrome) 
XY gonadal agenesis (Embryonic testicular regression syndrome) 


Deficiency of Testicular Hormone Production 
Leydig cell aplasia/hypoplasia 
Mutation in LH receptor 
Congenital adrenal hyperplasia 
Lipoid adrenal hyperplasia (CYP11A1) deficiency; mutation in StAR 
(steroidogenic acute regulatory protein) 
3B-Hydroxysteroid dehydrogenase type II (HSD3B2) deficiency 
17-Hydroxylase/17,20-lyase (CYP17A1) deficiency 
17B-Hydroxysteroid dehydrogenase (17B-HSD) or 17-ketosteroid 
reductase deficiency 
Smith-Lemli-Opitz syndrome (defect in conversion of 
7-dehydrocholesterol to cholesterol [DHCR7]) 


Persistent Mullerian Duct Syndrome Due to Antimullerian 
Hormone Gene Mutations, or Receptor Defects for 
Antimullerian Hormone 
Defect in Androgen Action 
Dihydrotestosterone (DHT) deficiency 

5o-Reductase II (SDR5A2) mutations 

3a-Reductase (AKR1C2/AKR1C4) mutations 
Androgen receptor defects 

Complete androgen insensitivity syndrome (CAIS) 

Partial androgen insensitivity syndrome (PAIS) 


Undetermined Causes, Including Those Associated with 
Other Congenital Defects 

Ovotesticular DSD 

XX 

XY 

XX/XY chimeras 


Sex Chromosome DSD 

45,X (Turner syndrome and variants) 

47,XXY (Klinefelter syndrome and variants) 

45,X/46,XY (mixed gonadal dysgenesis, sometimes a cause of ovotesticular DSD) 
46,XX/46,XY (chimeric, sometimes a cause of ovotesticular DSD) 


From Lee PA, Houk CP, Ahmed SF, et al. Consensus statement on management of intersex disorders. Pediatrics. 2006;118:e48-e500. 


SECTION4 Genitourinary Disorders 


Sexual appearance of fetus at second to third month of pregnancy 


Genital tubercle 


Urethrolabial fold 


Anus 


Genital 
tubercle 
(penis) 


Urethral fold 


Urethral groove 


Scrotal swelling 
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Male 


Female 
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Inner labial fold 
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FIGURE 23.1 Schematic illustration of differentiation of normal male and female genitalia during embryo- 
genesis. (From Zitelli BJ, Davis HW. Atlas of Pediatric Physical Diagnosis. 4th ed. St Louis: Mosby; 2002:328.) 


TABLE 23.3 Embryologic Origins of 
Female and Male Reproductive Structures 


Male 
Testis 


Precursor 


Undifferentiated 
bipotential gonad 


Female 
Ovary 


Internal ducts 
Wolffian 
(mesonephric) 
Mullerian 
(paramesonephric) 


Epididymis, vas deferens, 
seminal vesicles 
Involution, prostatic utricle 


Involution 


Fallopian tubes, 
uterus, Cervix, 
upper vagina 


Urethra 


Urogenital sinus 


Lower vagina, 
urethra 


External genitalia 
Genital tubercle 
Labioscrotal folds 
Labiourethral folds 


Clitoris 
Labia majora 
Labia minora 


Penile corpora cavernosa 
scrotum 
Penile urethra 


The neonatal surge may be important for postnatal maturation of 
the gonads, stabilization of male external genitalia, and perhaps also 
for gender identity and sexual behaviors. The postnatal surge in LH 
and testosterone is absent or blunted in infants with hypopituitarism, 
cryptorchidism, and complete androgen insensitivity syndrome 
(CAIS). The development of nocturnal pulsatile secretion of LH marks 
the advent of puberty. 

Antimiillerian hormone (AMH), inhibin, and activin are members 
of the transforming growth factor-B (TGF-B) superfamily of growth 
factors. AMH is the earliest secreted product of the Sertoli cells of the 
fetal testis. The AMH receptor is expressed in Sertoli cells. In the female 
it is present in fetal miillerian duct cells, and in granulosa cells (fetal 
and postnatal). During sex differentiation in males, AMH causes invo- 
lution of the miillerian ducts. AMH is secreted in males by Sertoli cells 
during both fetal and postnatal life. In females, it is secreted by ovarian 
granulosa cells from 36 weeks of gestation to menopause, but at lower 
levels. The serum concentration of AMH in males is highest at birth, 
whereas in females it is highest at puberty. After puberty, both sexes 
have similar serum concentrations of AMH. Its role in postnatal life is 
not yet fully characterized. 
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FIGURE 23.2 Examples of atypical genitalia in 46,XX DSD due to CAH 
(21-OH deficiency) with varying degrees of virilization. A, 2-week-old 
infant; positive newborn screen: abnormal genitalia missed; serum 
17-OH progesterone = 30,690 ng/dL; electrolytes: Na = 133 mea/L, 
K= 7.1 med/L. B, 12-day-old “male with perineal hypospadias and crypt- 
orchidism”; newborn screen: 17-OH progesterone was normal; urology 
consultant suggested endocrine evaluation; high-dose steroids for 
respiratory problems on days of life 1-12; day 12: 17-OH progesterone = 
169 ng/dL, karyotype 46,XX; day 14: 17-OH progesterone = 37,400 ng/ 
dL. C, 3-week-old infant; discharged after circumcision as bilateral crypt- 
orchid male with follow-up appointment in urology clinic; presented 
near death with salt-losing crisis; karyotype 46,XX. (From Kim MS, 
Donohoue PA. Adrenal disorders. In: Kappy MS, Allen DB, Geffner ME, 
eds. Pediatric Practice Endocrinology. 2nd ed. New York: McGraw-Hill; 
2014.) 


Inhibin is another glycoprotein hormone secreted by testicular 
Sertoli cells and ovarian granulosa and theca cells. Inhibin A consists 
of an o subunit disulfide linked to the B-A subunit, whereas inhibin B 
consists of the same subunit linked to the B-B subunit. Activins are 
dimers of the B subunits, either homodimers (BA/BA, BB/BB) or het- 
erodimers (BA/BB). Inhibins selectively inhibit, whereas activins stim- 
ulate pituitary FSH secretion. Inhibin A is absent in males and is 
present mostly in the luteal phase in women. Inhibin B is the principal 
form of inhibin in males, and in females during the follicular phase. 
Inhibin B is useful as a marker of Sertoli cell function in males. FSH 
stimulates inhibin B secretion in females and males, but only in males 
is there also evidence for gonadotropin-independent regulation. Levels 
of inhibin B are currently being studied in children with various forms 
of gonadal and pubertal disorders. In males with delayed puberty, 
inhibin B may be a useful screening test to differentiate between con- 
stitutional delay of puberty and hypogonadotropic hypogonadism 
(HH). In HH the serum inhibin B level has been shown to be very low 
to undetectable. 

Like inhibin and activin, follistatin (a single-chain glycosylated 
protein) is produced by gonads and other tissues such as the hypo- 
thalamus, kidney, adrenal gland, and placenta. Follistatin inhibits FSH 
secretion principally by binding activins, thereby blocking the effects 
of activins at the level of both the ovary and pituitary. 

Many additional peptides act as mediators of the development 
and function of the testis. They include neurohormones such as 
growth hormone-releasing hormone, gonadotropin-releasing hor- 
mone, corticotropin-releasing hormone, oxytocin, arginine vasopres- 
sin, somatostatin, substance P, and neuropeptide Y; growth factors such 
as insulin-like growth factors (IGFs) and IGF-binding proteins, TGF-B, 
and fibroblast, platelet-derived, and nerve growth factors; vasoactive 
peptides; and immune-derived cytokines such as tumor necrosis factor 
and interleukins IL-1, IL-2, IL-4, and IL-6. 

Testicular development is marked by major maturational changes 
at puberty (see Chapter 42). Clinical patterns of pubertal changes vary 
widely. In 95% of boys, enlargement of the genitals, which is typically 
the first sign of puberty, begins between 9.5 and 13.5 years, reaching 
maturity at 13-17 years. In a minority of normal boys, puberty begins 
after 15 years of age. In some boys, pubertal development is completed 
in less than 2 years, but in others it may take longer than 4.5 years. 
Pubertal development and the adolescent growth spurt occur at an 
older age in boys than in girls. 

The median age of sperm production (spermarche) is 14 years. This 
event occurs in mid-puberty as judged by pubic hair, testis size, evi- 
dence of growth spurt, and testosterone levels. Nighttime levels of FSH 
are in the adult male range at the time of spermarche; the first con- 
scious ejaculation occurs at about the same time. 


Ovaries 


In the normal female, the undifferentiated gonad can be identified 
histologically as an ovary by 10-11 weeks of gestation (see Fig. 
23.4), after the upregulation of R-spondin 1. Oocytes are present 
from the 4th month of gestation and reach a peak of 7 million 
by 5 months of gestation. For normal maintenance, oocytes need 
granulosa cells to form primordial follicles. Functional FSH (but 
not LH) receptors are present in oocytes of primary follicles during 
follicular development. Two normal X chromosomes are needed 
for maintenance of oocytes. In contrast to somatic cells, in which 
only one X chromosome is active, both Xs are active in germ 
cells. At birth, the ovaries contain about 1 million active follicles, 
which decrease to 0.5 million by menarche. Thereafter, they decrease 
at a rate of 1000/mo, and at an even higher rate after the age of 
35 years. 
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FIGURE 23.3 Method of staging the degree of virilization of the external genitalia of females as proposed 
by Prader (1958). In type I, the only abnormality is a slight enlargement of the clitoris. In type V, there is a 
markedly enlarged phallus with a penile urethra. (Redrawn from Prader A. Vollkommen männliche äussere 
gentialentwicklung und salzverlustsyndrom bei madchen mit kongenitalem adrenogenitalem syndrom. Helv 


Paediat Acta. 1958;13:5.) 
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FIGURE 23.4 Timing of Development of External and Internal 
Genitalia. The solid dot shows the age at onset of the various devel- 
opmental changes. Male differentiation is shown above each line, with 
female differentiation below. (From White PC, Speiser PW. Congenital 


adrenal hyperplasia due to 21-hydroxylase deficiency. Endocr Rev. 
2000;21:245-291.) 


The hormones of the fetal ovary are provided mostly by the feto- 
placental unit. As in males, peak gonadotropin secretion occurs in fetal 
life and then again at 2-3 months of life, with the lowest levels at about 
6 years of age. In contrast to males, the FSH surge predominates over 


LH in females. FSH peaks around 3-6 months of age, declines by 12 
months, but remains detectable for 24 months. Under LH influence, 
estradiol peaks at 2-6 months of age. The inhibin B response is variable, 
peaking at between 2-12 months and remaining above prepubertal 
levels until 24 months. In both infancy and childhood, gonadotropin 
levels are higher in females than in males. 

The most important estrogens produced by the ovary are estradiol- 
17B (E2) and estrone (E1); estriol is a metabolic product of both, and 
all 3 estrogens may be found in the urine of mature females. Estrogens 
arise from androgens produced by the adrenal glands, the ovaries, or 
the testes (see Fig. 23.5). This conversion explains why in certain types 
of 46,XY DSD, feminization occurs at puberty. In HSD17B3 deficiency 
(see later), for example, the enzymatic block results in markedly 
increased secretion of androstenedione, which is converted in the 
peripheral tissues to estradiol and estrone. These estrogens, in addition 
to those directly secreted by the testis, result in breast development. 
Estradiol produced from testosterone in the complete androgen 
insensitivity syndrome causes complete feminization in these XY 
individuals. 

Plasma levels of estradiol increase slowly but steadily with advanc- 
ing sexual maturation and correlate well with clinical progression of 
pubertal development, skeletal age, and rising levels of FSH. Levels of 
LH do not rise measurably until secondary sexual characteristics are 
present. Estrogens, like androgens, inhibit secretion of both LH and 
FSH (negative feedback). In females, estrogens also provoke the surge 
of LH secretion that occurs in the mid-menstrual cycle and results in 
ovulation. The capacity for this positive feedback is another matura- 
tional milestone of puberty. 

The average age at menarche in Caucasian American girls is about 
12.5-13 years, but the range of “normal” is wide, and 1-2% of normal 
girls have not menstruated by 16 years of age (see Chapter 42). The 
age at onset of pubertal signs is about 2 years before menarche. This 
age varies, with some studies suggesting earlier ages than previously 
thought, especially in the U.S. African-American population. Men- 
arche generally correlates closely with skeletal age. Maturation and 
closure of the epiphyses is partially estrogen dependent, as demon- 
strated by a very tall 28-year-old normally-masculinized male with 
continued growth due to incomplete closure of the epiphyses, who 
proved to have complete estrogen insensitivity due to an estrogen- 
receptor defect. 


TABLE 23.4 Genes Mutated in Disorders of Sex Development 


Mullerian 
Structures 


Gene Protein OMIM# Locus 


46,XY DSD 
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Inheritance Gonad 


Disorders of Gonadal (Testicular) Development: Single Gene Disorders 


WII TE 607102 11p13 

SF1 (NR5A1) Nuclear receptor 184757 9q33 
TF 

SAY IF 480000 Pii 

S0X9 [r 608160 17q24- 

25 

DHH Signaling 605423 Zalo 
molecule 

ATRX Helicase 300032 Xq13.3 
(?chromatin 
remodeling) 

ARX TE 300382 Xp21.13 


AD Testicular 
dysgenesis 


AD/AR Testicular 
dysgenesis 


Y Testicular 
dysgenesis 
or 
ovotestis 

AD Testicular 
dysgenesis 
or 
ovotestis 

AR Testicular 
dysgenesis 


X Testicular 
dysgenesis 


X Testicular 
dysgenesis 


ue 


[Kr 


h 


h 


External 
Genitalia 


Female or 
ambiguous 


Female or 
ambiguous 


Female or 
ambiguous 


Female or 
ambiguous 


Female 


Female, 
ambiguous 
or male 


Ambiguous 


Associated Features/ 
Variant Phenotypes 


Wilms tumor, renal 
abnormalities, gonadal 
tumors (WAGR, 
Denys-Drash, and Frasier 
syndromes) 


More severe phenotypes 
include primary adrenal 
failure; milder phenotypes 
have isolated partial 
gonadal dysgenesis; 
mothers who carry SF1 
mutation have premature 
ovarian insufficiency 


Campomelic dysplasia 
(17q24 rearrangements; 
milder phenotype than 
point mutations) 


The severe phenotype of 1 
patient included 
minifascicular 
neuropathy; other 
patients have isolated 
gonadal dysgenesis 


a- Thalassemia, 
developmental delay 


X-linked lissencephaly, 
epilepsy, temperature 
instability 


Disorders of Gonadal (Testicular) Development: Chromosomal Changes Involving Key Candidate Genes 


DMRT1 TF 602424 9024.3 

DAX1 (NROB1) Nuclear receptor 300018 Xp21.3 
IE 

WNT4 Signaling 603490 1p35 
molecule 


Disorders in Hormone Synthesis or Action 


LHGCR G-protein 152790 2p21 
receptor 
DHCR7 Enzyme 602858 11q12- 


ik 


Monosomic Testicular 
deletion dysgenesis 
dupXp21 Testicular 
dysgenesis 
or ovary 
dup1p35 Testicular 
dysgenesis 
AR Testis 
AR Testis 


I+ 


Female or 
ambiguous 

Female or 
ambiguous 


Ambiguous 


Female, 
ambiguous 
or 
micropenis 

Variable 


Developmental delay 


Developmental delay 


Leydig cell hypoplasia 


smith-Lemli-Opitz syndrome: 
coarse facies, 2nd-3rd toe 
syndactyly, failure to thrive, 
developmental delay, 
cardiac and visceral 
abnormalities 


Continued 
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TABLE 23.4 Genes Mlutated in Disorders of Sex Development—cont'd 


Gene 
StAR 


CYP11A1 


HSD3B2 


ONIN 


POR (P450 
oxidoreductase) 


HSD17B3 


SRD5A2 


AKR1C4 


AKR1C2 


AMH 


AMH receptor 


Androgen 
receptor 


Protein 
Mitochondrial 
membrane 

protein 


Enzyme 


Enzyme 


Enzyme 


CYP enzyme 
electron donor 


Enzyme 


Enzyme 


Enzyme 


Enzyme 


Signaling 
molecule 

Serine—threonine 
kinase 
transmembrane 
receptor 


Nuclear receptor 
i: 


OMIM # 
600617 


118485 


201810 


202110 


124015 


605573 


607306 


600451 


600450 


600957 


600956 


313700 


Locus 
8p11.2 


15q23- 


24 


1p13.1 


10q24.3 


7q11.2 


9q22 


2p23 


10p15.1 


10p15.1 


19p13.3- 


13.2 
12q13 


Xq12 


Inheritance Gonad 


AR 


AR 


AR 


AR 


AR 


AR 


AR 


Unclear 


Unclear 


AR 


AR 


Testis 


Testis 


Testis 


Testis 


Testis 


Testis 


Testis 


Testis 


Testis 


Testis 


Testis 


Testis 


Mullerian 
Structures 


External 
Genitalia 
Female 


Female or 
ambiguous 


Ambiguous 


Female 
ambiguous 
Or 
micropenis 


Male or 
ambiguous 


Female or 
ambiguous 


Ambiguous 
Or 
micropenis 

Ambiguous 
Or 
micropenis 


Ambiguous or 
micropenis 


Normal male 


Normal male 


Female, 
ambiguous, 
micropenis, 
or normal 
male 


Associated Features/ 

Variant Phenotypes 

Congenital lipoid adrenal 
hyperplasia (primary 
adrenal failure), pubertal 
failure 


Congenital adrenal 
hyperplasia (primary 
adrenal failure), pubertal 
failure 


CAH, primary adrenal 
failure, partial 
androgenization due to T 
DHEA 


CAH, hypertension due to T 
corticosterone and 
11-deoxycorticosterone 
(except in isolated 
17,20-lyase deficiency) 


Mixed features of 
21-hydroxylase deficiency, 
17a-hydroxylase/17,20- 
lyase deficiency and 
aromatase deficiency; 
sometimes associated 
with Antley-Bixler 
skeletal dysplasia 


Partial androgenization 
at puberty, T 
androstenedione : 
testosterone ratio 


Partial androgenization at 
puberty, T testosterone : 
DHT ratio 


DHT deficiency in patients 
once thought to have 
17,20-lyase deficiency; 
dose effect with AKR1C2 
mutation Is possible 


DHT deficiency in patients 
once thought to have 
17,20-lyase deficiency; 
dose effect with AKR1C2 
mutation Is possible 


Persistent mullerian duct 
syndrome (PMDS); male 


External genitalia, bilateral 
cryptorchidism 


Phenotypic spectrum from 
complete androgen 
insensitivity syndrome 
(female external 
genitalia) and partial 
androgen insensitivity 
(ambiguous) to normal 
male genitalia/infertility 
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TABLE 23.4 Genes Mutated in Disorders of Sex Development—cont'd 


Mullerian External Associated Features/ 
Gene Protein OMIM# Locus Inheritance Gonad Structures Genitalia Variant Phenotypes 
46,XX DSD 
Disorders of Gonadal (Ovarian) Development 
SRY IF 480000 PITI Translocation Testis or _ Male or 
ovotestis ambiguous 

SOXY TF 608160 17q24 dup17q24 ND _ Male or 

ambiguous 
R-spondin 1 Th 610644 1p34.3 AR Ovotestis +/— Male or Palmoplantar 

ambiguous hyperkeratosis and 


certain malignancies 


Androgen Excess 

HSD3B2 Enzyme 201810 1p13 AR Ovary + Clitoromegaly CAH, primary adrenal 
failure, partial 
androgenization due to T 
DHEA 


CYP2ZIA2 Enzyme 201910 6p21-23 AR Ovary + Ambiguous CAH, phenotypic spectrum 
from severe salt-losing 
forms associated with 
adrenal failure to 
simple virilizing forms 
with compensated 
adrenal function, T 
17-hydroxyprogesterone 


(r tet Enzyme 20210 8q21-22 AR Ovary + Ambiguous CAH, hypertension due to T 
11-deoxycortisol and 
11-deoxycorticosterone 


POR (P450 CYP enzyme 124015 Voie? AR Ovary + Ambiguous Mixed features of 
oxidoreductase) electron donor 21-hydroxylase deficiency, 

17a-hydroxylase/17,20- 
lyase deficiency and 
aromatase deficiency; 
associated with 
Antley-Bixler skeletal 
dysplasia 

Cg Enzyme 107910 15q21 AR Ovary + Ambiguous Maternal virilization during 
pregnancy, absent breast 
development at puberty, 
except in partial cases 


Glucocorticoid Nuclear receptor 138040 5q31 AR Ovary + Ambiguous T ACTH, 
receptor We 17-hydroxyprogesterone 
and cortisol; failure of 
dexamethasone 


Suppression (patient 
heterozygous for a 
mutation in CYP21) 


OMIM #, Online Mendelian Inheritance in Man number; ACTH, adrenocorticotropin; AD, autosomal dominant (often de novo mutation); AR, 
autosomal recessive; CAH, congenital adrenal hyperplasia; DSD, disorders of sex development; ND, not determined; TF, transcription factor; 
WAGR, Wilms, aniridia, genital anomalies, and retardation; X, X-chromosomal; Y, Y-chromosomal. Chromosomal rearrangements likely to include 
key genes are included. 

Data from Lee PA, Houk CP, Ahmed SF, et al. International Consensus Conference on Intersex organized by the Lawson Wilkins Pediatric 
Endocrine Society and the European Society for Paediatric Endocrinology. Consensus statement on management of intersex disorders. 
International Consensus Conference on Intersex. Pediatrics. 2006;118:e488-e500; Baxter RM, Arboleda VA, Lee H, et al. Exome sequencing for 
the diagnosis of 46,XY disorders of sex development. J Clin Endocrinol Metab. 2015;100:e333-e344. 
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FIGURE 23.5 Steroidogenic Pathways. CYP11A1: cholesterol side chain cleavage. Enzyme activities 
Include 20-hydroxylase, 22-hydroxylase, and 20,22-lyase; CYP17A1: activities include 17a-hydroxylase and 
17,20-lyase; HSD3B2: activities include 3B-hydroxysteroid dehydrogenase type || and D5D4-isomerase; 
CYP21A2: activity is 21-hydroxylase; CYP11B1: activity is 11B-hydroxylase; CYP11B2: activities include 
18-hydroxylase (CMOl) and 18-dehydrogenase (CMOIlI); SRD5A1: activity is bo-reductase type |; SRD5A2: 
activity is 5o-reductase type ll; HSD17B2: activity is 17B-hydroxysteroid dehydrogenase type ll; HSD17B3: 
activity is 17B-hydroxysteroid dehydrogenase type Ill; AKR1C2/4 (blue): activities are 3a-reductase types | 
and Ill; AKR1C2/TODH 9ox): activities are 3a-reductase and 3-hydroxyepimerase. ARO, aromatase; DHEA, 
dehydroepiandrosterone; DHT, dihydrotestosterone; 5aDHP, 5a-dihydroprogesterone; DOC, deoxycortico- 
sterone; POR, P450 oxidoreductase. (Data from Kim MS, Donohoue PA. Adrenal disorders. In: Kappy MS, 
Allen DB, Geffner ME, eds. Pediatric Practice Endocrinology. 2nd ed. New York: McGraw-Hill; 2014; and 
Fluck CE, et al. Why boys will be boys: two pathways of fetal testicular androgen biosynthesis are needed 
for male sexual differentiation. Am J Hum Genet. 2011;89:201-218.) 


DIAGNOSTIC APPROACH TO THE PATIENT WITH 
ATYPICAL OR AMBIGUOUS GENITALIA 


Infants with ambiguous or atypical genitalia should be evaluated and 
treated at a center with multidisciplinary experience in DSD. The 
appearance of the external genitalia is rarely diagnostic of a particular 
disorder, and thus does not often allow distinction among the various 
forms of DSD. The most common causes of 46,XX DSD are virilizing 
forms of congenital adrenal hyperplasia (CAH). It is important to 
note that in 46,XY DSD, the specific diagnosis is not found in up to 
50% of cases. At 1 experienced center, the etiologies of DSD in 250 
patients over 25 years were compiled. The 6 most common diagnoses 
accounted for 50% of the cases. These included virilizing CAH (14%), 
androgen insensitivity syndrome (10%), mixed gonadal dysgenesis 
(8%), clitoral/labial anomalies (7%), hypogonadotropic hypogonad- 
ism (6%), and 46,XY small-for-gestational age males with hypospadias 
(6%). The etiology in cases of 46,XY DSD without a known diagnosis 
can be further delineated using exome sequencing technologies. 

The relative lack of established diagnoses in 46,XY DSD and the 
resulting lack of specific management emphasizes the need for thor- 
ough diagnostic evaluations. These include biochemical characteriza- 
tion of possible steroidogenic enzymatic defects, imaging studies to 


characterize internal genitalia, and determination of genetic sex as well 
as other genetic studies as determined by each individual patient with 
atypical genitalia. The parents need counseling about the potentially 
complex nature of the baby’s condition, and guidance as to how to deal 
with the curiosity of their well-meaning friends and family members. 
The evaluation and management should be carried out by a multidis- 
ciplinary team of experts that include practitioners in pediatric endo- 
crinology, pediatric surgery/urology, pediatric radiology, newborn 
medicine/neonatology, genetics, and psychology. On occasion, the sex 
of rearing will need to be uncommitted until the diagnostic evaluation is 
completed. Once the sex of rearing has been agreed on by the family 
and team, treatment can be organized. Genetic counseling should be 
offered when the specific diagnosis is established. 

After a complete history and physical exam, the common diagnostic 
approach includes multiple steps as described in the following outline. 
These steps are usually performed simultaneously rather than waiting 
for results of 1 test prior to performing another, in order to expedite 
the diagnosis. Careful attention to the presence of physical features 
other than the genitalia is crucial to determine if a diagnosis of a par- 
ticular multisystem syndrome is possible (Table 23.5 and Fig. 23.6). A 
summary of many features of commonly encountered causes of DSD 
is provided in Table 23.6. 
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(See Nelson Textbook of Pediatrics, p. 2752.) 
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TABLE 23.5 Potential Investigations for Disorders of Sex Development 


Approach 
Genetics 


Endocrine 


Imaging 


Surgical 


Test 

FISH* (X- and Y-specific probes) 
qfPCR* 

Karyotype* 


Array CGH or SNP microarray* 


Multiple ligation probe-dependent 
amplification 
Single-gene analysis 


Targeted panel sequencing 
Whole exome sequencing 


Routine serum biochemistry”: 
urinalysis™ 

17-Hydroxyprogesterone, * 
11-deoxycortisol, 
17-hydroxypregnenolone 


Renin, ACTH 
Testosterone,* androstenedione, DHT 


Gonadotropins 


AMH, inhibin B 


Urinary steroids by GC-MS 


Dynamic tests: ACTH stimulation 


hCG stimulation 


FSH stimulation test 


Abdominopelvic and renal 
ultrasound * 


MRI 

Cystourethroscopy, sinogram 
Laparoscopy 

Gonadal biopsies 


Uses 

Rapid analysis of sex chromosome complement on cells 

Rapid analysis of sex chromosome signal in DNA 

Analysis of sex chromosomes and autosomes in cells with ability to look for mosaicism by screening 
multiple cells, as well as detection of major deletions, duplications, and balanced translocations 

Analysis of chromosome signal across the genome, with ability to detect smaller copy number variants 
but not balanced translocations, using DNA 

Analysis of the loss of gain of specific exons or whole genes on a predefined panel of probes, such as 
for DSD genes, using DNA 

Sanger sequencing and analysis of individual genes that are highly likely to be the cause of DSD based 
on incidence and clinical and biochemical features (e.g., CYP21A2 ) 

Analysis of large numbers of known DSD-causing genes using high throughput sequencing of DNA 

Analysis of all the coding exons in the DNA, which may show changes in known, putative, or novel 
DSD-associated genes, using high-throughput sequencing 

May reveal a salt-losing crisis or associated renal disorder (e.g., WT1) 


May help to diagnose CAH or reveal a specific block in an adrenal pathway relevant to DSD 


May show a Salt-losing state or primary adrenal insufficiency 


Indicates the degree of androgen production and ratios of androgens in the basal state or following hCG 
stimulation and may help to diagnose a block in androgen production consistent with a specific 
diagnosis (e.g., 17B-HSD or 5a-reductase deficiencies); can also reveal androgen production in 
ovotesticular DSD 


May indicate an underlying block in steroidogenesis or androgen insensitivity (LH), or impaired Sertoli 
cell function (FSH) 


Can be useful markers of testicular integrity: AMH is detectable throughout childhood and is reduced in 
testicular dysgenesis or absent if streak gonads or anorchia occur; AMH may be high in AIS or reduced 
androgen production due to steroidogenic defects; AMH may help to reveal the presence of testicular 
tissue in 46,XX ovotesticular DSD 


Can be used to diagnose specific steroidogenic defects in the newborn period (e.g., 21-hydroxylase 
deficiency, 11B-hydroxylase deficiency, 3B-hydroxysteroid dehydrogenase deficiency, P450 
oxidoreductase deficiency, 17a-hydroxylase deficiency); can reveal 5or-reductase deficiency only after 
3-6 mo of life 

Used to assess the adrenal gland stress response (quantitative) and can be coupled with measurement 
of steroid metabolites or poststimulation urine steroid analysis to study ratios of metabolites 
(diagnostic) 

Used in short (3 days) or prolonged (3 wk) formats to assess androgen production (quantitative) and 
androgen biosynthesis pathways (diagnostic); can also be used to assess for the presence of testicular 
tissue (e.g., anorchia, ovotestis), although AMH is now more often used initially 

Rarely used to investigate the presence of ovarian tissue by measuring inhibin A and estradiol response 

Can reveal the size, position, and structure of gonads (especially testes), the presence of miillerian 
structures, and associated changes (such as renal size or anomalies) 

sometimes used to assess internal structures, especially in adolescence 

Can reveal the structure of the bladder, vagina, and common channel 

Can reveal internal structures by direct visualization, such as gonads and millerian structures 

Can be used to determine the nature of gonads, especially if testicular dysgenesis or ovotestes are 
suspected 


*Indicates first-line investigations for which results are available within days. For images of G-banded karyotypes and FISH analysis, see 


Fig. 23.6. 


ACTH, adrenocorticotropic hormone; AIS, androgen insensitivity syndrome; AMH, antimullerian hormone; CAH, congenital adrenal hyperplasia; 
CGH, comparative genomic hybridization; DHT, dihydrotestosterone; DSD, disorders of sex development; FISH, fluorescent in situ hybridization; 
FSH, follicle-stimulating hormone; GC-MS, gas chromatography—mass spectrometry; hCG, human chorionic gonadotropin; LH, luteinizing 
hormone; MRI, magnetic resonance imaging; gfPCR, quantitative fluorescent polymerase chain reaction; SNP, single-nucleotide polymorphism. 
From Achermann JC, Hughes IA. Pediatric disorders of sex development. In: Melmed S, Polonsky KS, Larsen PR, et al., eds. Williams Textbook 
of Endocrinology. 13th ed. Philadelphia: Elsevier; 2016:949. 
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Initial karyotype 
(FISH, qfPCR) 


46, XX/46, XY (very rare) 
Individualized approach; 
consider early EUA/ 
laparoscopy if uncertainty 
about assignment 


45, X/46, XY 
AMH , inhibin B, testosterone, 
LH/FSH; consider hCG 
stimulation test, or early 
EUA/laparoscopy if uncertainty 
about assignment; ECHO, TFTs, 
renal USS, Turner syndrome 
screening, audiology, etc. 


FIGURE 23.6 Overview of potential investigations for a newborn with 
atypical genitalia or disorders of sex development (DSD) once the initial 
karyotype or assessment of sex chromosome complement has 
been made. A4, androstenedione; ACTH, adrenocorticotropic hormone; 
AMH, antimullerian hormone; CAH, congenital adrenal hyperplasia; 
DHEAS, dehydroepiandrosterone sulfate; ECHO, echocardiogram; 
EUA, examination under anesthetic; FISH, fluorescent in situ hybridiza- 
tion; FSH, follicle-stimulating hormone; hCG, human chorionic gonado- 
tropin; LH, luteinizing hormone; 17-OHP, 17-hydroxyprogesterone; 
PRA, plasma renin activity; qgfPCR, quantitative fluorescent polymerase 
chain reaction; TFT, thyroid function test; USP, urine steroid profiling; 
USS, ultrasound screening. (From Achermann JC, Hughes IA. Pediatric 
disorders of sex development. In: Melmed S, Polonsky KS, Larsen PR, 
et al., eds. Willams Textbook of Endocrinology. 13th ed. Philadelphia: 
Elsevier; 2016:948.) 


Diagnostic tests include the following: 

1. Blood karyotype, with rapid determination of sex chromosomes (in 

many centers this is available within 24-48 hours) (see Fig. 23.6). 

2. Other blood tests (see Table 23.5) 

a. Screen for congenital adrenal hyperplasia: cortisol biosynthetic 
precursors and adrenal androgens, particularly serum levels of 
17-hydroxyprogesterone and androstenedione for 21-hydroxy- 
lase deficiency, the most common form. In the United States, all 
50 states have a newborn screen for 21-hydroxylase deficiency. 

b. Screen for androgen biosynthetic defects with serum levels of 
androgens and their precursors. 

c. Assess for gonadal responsiveness to gonadotropin to screen for 
testicular gonadal tissue: measure serum levels of testosterone 
and dihydrotestosterone before and after intramuscular injec- 
tions of hCG. 

d. Molecular genetic analyses for SRY (sex-determining region of 
the Y chromosome), other Y-specific loci, and when needed, 
other single-gene defects associated with DSD (see Table 23.4). 


e. Gonadotropin levels (LH and FSH). 
f. AMH and inhibin B levels. 
3. The internal anatomy of patients with ambiguous genitalia can be 
defined with 1 or more of the following studies: 
Voiding cystourethrogram (VCUG). 
Endoscopic examination of the genitourinary tract. 
Pelvic ultrasound; renal and adrenal ultrasound. 
Pelvic MRI. 
Exploratory laparoscopy to locate and characterize/biopsy the 
gonads. 
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BASIC APPROACHES TO THE DIAGNOSIS 
AND MANAGEMENT OF DISORDERS 
OF SEX DEVELOPMENT 


In the neonate, the presence of atypical genitalia requires immediate 
attention to determine the etiology and then if necessary, decide on 
the sex of rearing. In some cases, DSD is associated with other abnor- 
malities that adversely impact the child’s health, particularly the salt- 
losing forms of CAH, adrenal insufficiency related to SF1 defects, and 
renal abnormalities associated with WT-1 defects. 

The family of the infant needs to be informed of the child’s condi- 
tion as early, completely, compassionately, and honestly as possible. 
Caution must be used to avoid feelings of guilt, shame, and confusion. 
Guidance needs to be provided to alleviate both short-term and long- 
term concerns and to allow the child to grow up in a completely 
supportive environment. The initial care is best provided by the afore- 
mentioned team of professionals who remain focused foremost on the 
needs of the child. Management of the potential emotional and psy- 
chologic effects that these disorders can generate in the child and the 
family is of paramount importance and requires the involvement of 
physicians, psychologists, and other health care professionals with sen- 
sitivity, training, and experience in this field. 

While awaiting the results of blood tests, imaging with pelvic ultra- 
sonography and/or MRI is used to determine the presence of a uterus 
and ovaries. Presence of a uterus and absence of external palpable 
gonads often suggest a virilized XX female. A search for the source of 
virilization includes studies of adrenal hormones to rule out varieties 
of CAH, and studies of androgens and estrogens may be necessary to 
rule out aromatase deficiency. Virilized XX females with CAH are 
generally (but not always) reared as females even when Prader 4 or 5 
(see Fig. 23.3). 

The absence of a uterus, with or without palpable external gonads, 
may indicate an undervirilized XY male. Measurements of blood levels 
of gonadotropins, testosterone, AMH, and DHT are necessary to deter- 
mine whether testicular production of androgen is present and is 
normal. Undervirilized males who are totally feminized may be reared 
as females. Certain significantly undervirilized infants, such as those 
with 50-reductase deficiency, may be reared as males because these 
children virilize normally at puberty. Sixty percent of individuals with 
5a-reductase deficiency assigned as female in infancy will identify as 
males as adults. An infant with a comparable degree of underviriliza- 
tion resulting from an androgen receptor defect, such as androgen 
insensitivity syndrome (AIS), may be successfully reared as a female, 
depending on androgen responsiveness. 

In some mammals, the female exposed to androgens prenatally or 
in early postnatal life exhibits nontraditional sexual behavior in adult 
life. Most, but not all, girls who have undergone fetal masculinization 
from CAH have female sexual identity, although during childhood they 
may appear to prefer male typical play activities over female typical 
play activities. 
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TABLE 23.6 Atypical/Ambiguous Genitalia: Features Associated with the Most 
Common Diagnoses 


Testicular Ovo- 
Dysgenesis with 


Y Chromosome DSD 


21-OH* 
Deficiency 


Clinical Feature 
Palpable gonad(s) +/— +/= 
Uterus present' Usually 


Increased skin — 
pigmentation 


Sick baby 
Dysmorphic 
features 


Diagnostic Test Results 
Serum 17-OHP Elevated 


Electrolytes 


Normal Normal 
Normal 


46,XX 


Normal 
45 X/46,XY or others 
Positive 


Possibly abnormal 
46,XX 


Testosterone NA 
response to hCG 


Karyotype 


Gonadal biopsy NA Dysgenic gonad 


*21-Hydroxylase. 
"As determined by ultrasound or rectal examination. 
‘Androgen receptor. 


Testicular 


Normal or 
reduced 


Ovotestis 


Block in 
Testosterone 
(T) Synthesis 


Partial 
Androgen 
insensitivity 


Dihydrotestosterone 
(DHT) Deficiency 


Te 


Normal Normal Normal 
Normal 
46,XY 


Positive 


Normal 
46,XY 
Positive 


Possibly abnormal 
46,XY 
Reduced or absent 


Normal testis with Normal testis Normal testis 
+/— Leydig cell 
hyperplasia 

DNA screening for 
AR: or post- 
receptor mutations precursors 
positive in many elevated 
cases Testosterone 


level low 


Elevated IT: DHT ratio Levels of 


testosterone 


hCG, human chorionic gonadotropin; NA, not applicable; 21-OH, 21-hydroxylase; 17-OHP, 17-hydroxyprogesterone. 


In the past it was thought that surgical treatment of ambiguous 
genitalia to create a female appearance, particularly when a vagina was 
present, was more successful than construction of male genitalia. Con- 
siderable controversy has developed regarding these decisions. Sexual 
functioning is to a large extent more dependent on neurohormonal 
and behavioral factors than the physical appearance and functional 
ability of the genitalia. Similarly, controversy exists regarding the 
timing of the performance of invasive and definitive procedures, such 
as surgery. Whenever possible, without endangering the physical or 
psychologic health of the child, an expert multidisciplinary team 
should consider deferring elective surgical procedures and gonadecto- 
mies until the child can participate in the informed consent for the 
procedure. One study of 59 boys and 18 girls with gender dysphoria 
but without DSD or documentation of genomic or enzymologic 
abnormalities indicated that most of these children no longer have 
gender dysphoria after completion of puberty. Among those who do, 
homosexuality and bisexuality are the most frequent diagnoses. 

For patients with DSD who have Y-chromosome material and 
intraabdominal gonads, gonadectomy is generally recommended due 
to the risk of gonadal tumors developing with increasing age, many of 
which are malignant. 

The pediatrician, pediatric endocrinologist, and psychologist, along 
with the appropriate additional specialists, should provide ongoing 
compassionate, supportive care to the patient and the patient’s family 
throughout childhood, adolescence, and adulthood. Active support 


groups are available for families and patients with many of the condi- 
tions discussed. 


SPECIFIC TYPES OF DISORDERS 
OF SEX DEVELOPMENT 


46,XX Disorders of Sex Development 


In 46,XX DSD, the sex chromosomes are XX, but the external genitalia 
are virilized. If the gonads are ovaries, there is no significant AMH 
production. Thus the uterus, fallopian tubes, cervix, and upper vagina 
will develop. The varieties and causes of this condition are relatively 
few. Most cases result from exposure of the female fetus to excessive 
exogenous or endogenous androgens during early intrauterine life (see 
Fig. 23.4 and Table 23.2). The changes consist principally of virilization 
of the external genitalia (clitoral hypertrophy and labioscrotal fusion). 


Androgen Exposure/Fetoplacental Source 


Congenital adrenal hyperplasia. CAH is the most common cause 
of genital ambiguity and of 46,XX DSD. CAH is caused by an enzy- 
matic defect in the biosynthesis of cortisol. This results in compensa- 
tory ACTH excess, which stimulates hyperplasia of the adrenal cortex 
in an attempt to normalize cortisol secretion. There is overproduction 
of adrenal androgen precursors in the forms of CAH that cause genital 
ambiguity in 46,XX infants. Females with 21-hydroxylase and 
11-hydroxylase deficiency are the most highly virilized (see Fig. 23.2). 
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Minimal virilization also occurs with the type II 3B-hydroxysteroid 
dehydrogenase (HSD3B2) defect (see Fig. 23.5 for enzymatic path- 
ways). The androgen precursors are converted in extra-adrenal tissues 
into testosterone and DHT, the potent androgens that bind to the 
androgen receptor (AR). The treatment for all forms of CAH is cortisol 
replacement therapy, which reduces ACTH secretion and reverses the 
androgen excess. Mineralocorticoid replacement may be needed in 
21-hydroxylase and HSD3B2 deficiency. The surgical treatment of vir- 
ilized genitalia in affected females is usually recommended during 
infancy. However, this remains a controversial topic. Surgical outcomes 
have improved in the past decades. 

CAH due to 21-hydroxylase deficiency (mutations in the CYP21A2 
gene) is one of the most common inherited diseases associated with 
DSD. It accounts for more than 95% of cases of adrenal steroidogenic 
defects and is estimated to occur in about 1 in 14,000 live births. In 
some genetically isolated populations such as Yupik Eskimos, the inci- 
dence is much higher. CYP21A2 deficiency usually presents as 1 of 2 
clinical syndromes in neonates or very young infants, both of which 
are associated with glucocorticoid deficiency. If not diagnosed in the 
Ist couple of weeks, the salt-wasting form is associated with dehydra- 
tion, hyponatremia, hyperkalemia, acidosis, and hypotension with 
elevated plasma renin activity (PRA) due to mineralocorticoid defi- 
ciency. Symptoms of this renal salt loss include lethargy, vomiting, and 
poor feeding. Adrenal androgen excess results in ambiguous genitalia 
in affected females. The simple virilizing form also causes prenatal 
virilization in females but without postnatal salt wasting. In some 
infants, the distinction between the 2 forms is not clear due to early 
detection by newborn screening. Female patients with salt-losing CAH 
tend to have more virilization than do non-salt-losing female patients. 
Masculinization may be so intense that a complete penile urethra 
results, and the patient may appear to be a male with bilateral crypt- 
orchidism. Affected males have normal genitalia. Late-onset forms of 
CYP21A2 deficiency present with early pubarche in both sexes, or with 
hirsutism and menstrual irregularities in older females. These late- 
onset forms are not causes of DSD. 

CAH due to 11f-hydroxylase deficiency (mutations in the 
CYP11B1 gene) is the second most common cause of CAH, and 
accounts for less than 5% of CAH cases. As with other causes of CAH, 
cortisol synthesis is reduced; however, there is excessive mineralocor- 
ticoid (deoxycorticosterone [DOC]) secretion accompanying adrenal 
androgen overproduction. As a result, patients become hypertensive 
after infancy because of increased sodium retention. 

CAH due to 3B-hydroxysteroid dehydrogenase type II deficiency 
(mutations in the HSD3B2 gene) is a rare form of CAH in which 
synthesis of all steroid hormones is impaired (see Fig. 23.5). Thus, 
there are deficiencies of glucocorticoids, mineralocorticoids, and 
potent androgens. Most patients present as neonates or in early 
infancy. Clinical manifestations are because of both cortisol and aldo- 
sterone deficiency as seen in 21-hydroxylase deficiency, including 
feeding difficulties, vomiting, volume depletion, and subsequent hypo- 
natremia, hyperkalemia, and high PRA. Affected females have mild 
virilization (an indirect effect of oversecretion of dehydroepiandros- 
terone [DHEA]). This form of CAH may also cause 46,XY DSD. 

P450 oxidoreductase (POR) deficiency is also known as apparent 
combined CYP21A2 and CYP17A1 deficiency. The underlying defect 
is a mutation in the POR gene that encodes cytochrome P450 oxido- 
reductase, a mitochondrial cofactor that transfers electrons to CYP21A2 
and CYP17A1 during steroidogenesis. This results in a partial defi- 
ciency of the enzymes 21-hydroxylase and 17-hydroxylase. Affected 
girls are born with ambiguous genitalia, suggesting intrauterine andro- 
gen excess; however, as opposed to classic CAH, after birth serum 
androgen concentrations are low, and virilization does not progress. 
Boys may have undervirilization. Mothers may have virilization during 


pregnancy with an affected fetus. Bone malformations affecting pri- 
marily the head and limbs (Antley-Bixler syndrome) may be seen in 
both boys and girls with POR deficiency. 

Aromatase deficiency. In 46,XX females, the rare condition of 
aromatase deficiency during fetal life leads to 46,XX DSD and results 
in hypergonadotropic hypogonadism at puberty because of ovarian 
failure to synthesize estrogen from androgen. Examples of this condi- 
tion include 2 46,XX infants who had enlargement of the clitoris and 
posterior labial fusion at birth. In 1 instance, maternal serum and 
urinary levels of estrogen were very low and serum levels of androgens 
were high. Cord serum levels of estrogen were also extremely low, and 
those of androgen were elevated. The 2nd case also had virilization of 
unknown cause since birth, but the aromatase deficiency was not diag- 
nosed until 14 years of age, when she had further virilization and failed 
to go into female puberty. At that time, she had elevated levels of 
gonadotropins and androgens but low estrogen levels, and ultrasonog- 
raphy revealed large ovarian cysts bilaterally. Two siblings with aroma- 
tase deficiency have also been described. The 28-year-old XX proband 
was 177.6 cm tall (+2.5 SD) after having received estrogen replacement 
therapy. Her 24-year-old brother was 204 cm tall (+3.7 SD), and had 
a delayed bone age of only 14 years due to failure of epiphyseal fusion, 
which is estrogen-mediated. 

Cortisol resistance due to glucocorticoid receptor gene muta- 
tion. A 9-year-old girl with 46,XX DSD and a history of ambiguous 
genitalia, thought to be due to 21-hydroxylase deficiency CAH, had 
elevated cortisol levels both at baseline and after dexamethasone, along 
with hypertension and hypokalemia, suggestive of the diagnosis of 
generalized glucocorticoid resistance. A novel homozygous mutation 
in exon 5 of the glucocorticoid receptor was demonstrated. Virilization 
occurs due to excess ACTH stimulation of adrenal steroid production, 
as the glucocorticoid receptor defect is also present in the pituitary 
gland, which senses inadequate cortisol effect to provide negative 


feedback. 


Androgen Exposure: Maternal Source 


Virilizing maternal tumors. Rarely, a female fetus can be virilized 
by a maternal androgen-producing tumor. In a minority of cases, the 
lesion is a benign adrenal adenoma, but the majority are ovarian 
tumors, particularly androblastomas, luteomas, and Krukenberg 
tumors. Maternal virilization may be manifested by enlargement of the 
clitoris, acne, deepening of the voice, decreased lactation, hirsutism, 
and elevated levels of androgens. In the infant, there is enlargement of 
the clitoris of varying degrees, often with labial fusion if the tumor 
produced excess androgen during the 1st trimester. Mothers of chil- 
dren with unexplained 46,XX DSD should undergo physical examina- 
tion and measurements of their own levels of plasma testosterone, 
dehydroepiandrosterone sulfate (DHEAS), and androstenedione. 

Administration of androgenic drugs to women during preg- 
nancy. Testosterone and 17-methyltestosterone have been reported to 
cause 46,XX DSD in some instances. The greatest number of cases has 
resulted from the use of certain progestational compounds for the 
treatment of threatened abortion. These progestins have been replaced 
by nonvirilizing ones. 


Disorders of Ovarian Development 


46,XX testicular DSD. In this condition, also called XX male, the 
gonads are testicular, and virilization is typically incomplete. Infertility 
and/or gonadal failure may develop after childhood. Many cases are 
due to translocation of SRY sequences onto one of the X chromo- 
somes, often paired with duplication of SOX9. The appropriate sex of 
rearing may be difficult to determine. 

46,XX gonadal dysgenesis. These girls typically present at 
puberty with lack of breast development and hypergonadotropic 
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hypogonadism. Normal müllerian structures are present, but ovaries 
are absent or streaks. 

Undetermined/unknown. Rarely, 46,XX DSD can be associated 
with other congenital anomalies, especially those of the genitourinary 
or gastroenteric tract, and are thus multifactorial in origin. These 
include cloacal exstrophy and MURCS association (miillerian hypo- 
plasia, renal agenesis, and cervicothoracic somite abnormalities). 
Isolated deficiency of miillerian development is known as Mayer- 
Rokitansky-Ktister-Hauser syndrome. 


46,XY Disorders of Sex Development 


In 46,XY DSD, the genotype is XY, and the external genitalia are either 
not completely virilized, ambiguous (atypical), or completely female. 
When gonads are found, they typically contain testicular elements; 
their development ranges from rudimentary to normal. Because the 
process of normal virilization in the fetus is so complex, it is not sur- 
prising that there are many varieties and causes of 46,XY DSD. The 
etiology of 46,XY DSD is not identified in up to 50% of cases. 


Defects in Testicular Development 


The first step in male differentiation is development of the bipotential 
gonad into a testis. In the XY fetus, if there is a deletion of the 
short arm of the Y chromosome or mutation of the SRY gene, male 
gonadal differentiation does not occur. The phenotype is female; 
miillerian (paramesonephric) ducts are well developed because of 
the absence of AMH, and gonads consist of undifferentiated streaks. 
By contrast, even extreme deletions of the long arm of the Y chro- 
mosome (Yq-) have been found in normally developed males, most 
of whom have short stature and azoospermia. This indicates that 
the long arm of the Y chromosome normally has genes that prevent 
these manifestations. In many syndromes in which the testes fail to 
differentiate, Y chromosomes appear morphologically normal on 
karyotyping. 

Wilms tumor suppressor gene (WT1) mutations: Denys-Drash, 
Fraser and WAGR syndromes. The constellation of nephropathy with 
atypical genitalia and bilateral Wilms tumor typify Denys-Drash syn- 
drome. Miillerian ducts are often present, indicating deficiency of mul- 
tiple fetal testicular functions. Affected patients with a 46,XX karyotype 
have normal external genitalia. There is onset of proteinuria in infancy 
that progresses to nephrotic syndrome and end-stage renal failure by 
3 years of age, with focal or diffuse mesangial sclerosis being the most 
consistent histopathologic finding. Wilms tumor usually develops in 
children younger than 2 years of age and is frequently bilateral. Gonad- 
oblastomas have also been reported. 

A variety of mutations of WT1 have been found in Denys-Drash 
syndrome. WTI functions as a tumor suppressor gene and a transcrip- 
tion factor, and is expressed in the genital ridge and fetal gonads. One 
report found a zinc finger domain mutation in the WT alleles of a 
patient with no genitourinary abnormalities, suggesting that some 
cases of sporadic Wilms tumor may carry the WT mutation. Different 
mutations of the WTI gene, heterozygous mutations at intron 9, have 
been described in Fraser syndrome, a condition of nonspecific focal 
and segmental glomerulosclerosis, 46,XY gonadal dysgenesis, and fre- 
quent gonadoblastoma, but without Wilms tumor. 

WAGER syndrome is a contiguous gene deletion syndrome causing 
Wilms tumor, aniridia, genitourinary malformations, and retardation. 
These children have a deletion of 1 copy of chromosome 11p13, 
which may be visible on karyotype analysis. The deleted region 
encompasses the aniridia gene (PAX6) and WTI. Only the 46,XY 
males have genital abnormalities, ranging from cryptorchidism to 
severe undervirilization. Gonadoblastomas have developed in the 
dysgenic gonads. Wilms tumor usually occurs by 2 years of age. Some 
cases also had unexplained obesity, raising the question of an 


obesity-associated gene in this region of chromosome 11 and naming 
the syndrome WAGRO. 

Campomelic syndrome. This form of short-limbed skeletal dyspla- 
sia is characterized by anterior bowing of the femur and tibia; small, 
bladeless scapulae; small thoracic cavities and 11 pairs of ribs, along 
with malformations of other organs. It is usually lethal in early infancy. 
About 75% of reported 46,XY patients exhibit a completely female 
phenotype with the external and internal genitalia both being female. 
Some 46,XY patients have atypical genitalia. The gonads appear to be 
ovaries but histologically may contain elements of both ovaries and 
testes. 

The gene responsible for the condition is SOX9 (SRY-related 
HMG-box gene). This gene is structurally related to SRY and also 
directly regulates type II collagen gene (COL2A1) development. The 
same mutations may result in different gonadal phenotypes. Gonado- 
blastoma was reported in a patient with this condition. The inheritance 
is autosomal dominant. 


Steroidogenic Factor 1 (SF7) Gene Mutations 


Adrenal insufficiency and 46,XY DSD have been described in patients 
with mutations of the SF1 gene. In some patients, SF] mutations occur 
without causing adrenal insufficiency. In a number of these families, if 
the mother shares the SFI mutation she has premature ovarian 
insufficiency. 


Other Known Genetic Causes of 46,XY DSD 


46,XY DSD has been described in patients with other single gene muta- 
tions, as well as deletions of parts of autosomal loci on chromosomes 
2q, 9p, and 10q. Examples of a number of these genetic conditions are 
shown in Table 23.4. The use of exome sequencing of targeted genes 
has enhanced the detection of specific genetic defects in patients with 
46,XY DSD. 

XY pure gonadal dysgenesis (Swyer syndrome). The designation 
pure distinguishes this condition from forms of gonadal dysgenesis 
that are of chromosomal origin and associated with somatic anomalies 
such as 45,X Turner syndrome and 47,XXY Klinefelter syndrome. 
Affected patients have normal stature as adults and a completely female 
phenotype at birth, including vagina, uterus, and fallopian tubes. At 
pubertal age, breast development and menarche fail to occur, and 
hypergonadotropic hypogonadism is present. None of the other phe- 
notypic features associated with 45,X are present. Familial cases suggest 
an X-linked or a sex-limited dominant autosomal transmission. Most 
of the patients with a known genetic cause have had mutations of the 
SRY gene. The gonads consist of almost totally undifferentiated streaks 
despite the presence of a cytogenetically normal Y chromosome. The 
primitive gonad cannot accomplish any testicular function, including 
suppression of miillerian ducts. There may be hilar cells in the gonad 
capable of producing some androgens; accordingly, some virilization, 
such as clitoral enlargement, may occur at the age of puberty. The 
streak gonads may undergo neoplastic changes, such as gonadoblas- 
tomas and dysgerminomas, and should be removed as soon as the 
diagnosis is established, regardless of the age of the patient. 

XY gonadal agenesis syndrome (embryonic testicular regression 
syndrome). In this rare syndrome, the external genitalia are slightly 
atypical but more nearly female. Hypoplasia of the labia; some degree 
of labioscrotal fusion; a small, clitoris-like phallus; and a perineal ure- 
thral opening are present. No uterus, no gonadal tissue, and usually no 
vagina can be found. At the age of puberty, no sexual development 
occurs and gonadotropin levels are elevated. Most children have been 
reared as females. In several patients with XY gonadal agenesis in 
whom no gonads could be found on exploration, significant rises in 
testosterone followed stimulation with hCG, indicating Leydig cell 
function somewhere. Siblings with the disorder are known. 
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It is presumed that testicular tissue was active long enough during 
fetal life for AMH to inhibit development of miillerian ducts but not 
long enough for testosterone production to result in virilization. Tes- 
ticular degeneration seems to occur between the 8th and the 12th fetal 
week. Regression of the testes before the 8th week of gestation results 
in Swyer syndrome; between the 14th and the 20th week of gestation, 
it results in the rudimentary testis syndrome; and after the 20th week, 
it results in anorchia with otherwise normal external genitalia. 

In bilateral anorchia, sometimes referred to as vanishing testes syn- 
drome, testes are absent, but the male phenotype is complete; it is 
presumed that fetal testicular function was active during the critical 
period of genital differentiation but that sometime later it was damaged. 
Bilateral anorchia in identical twins and unilateral anorchia in identical 
twins and in siblings suggest a genetic predisposition. Coexistence of 
anorchia and the gonadal agenesis syndrome in a sibship is evidence 
for a relationship between the disorders. 


Deficiency of Testicular Hormone Production 


Genetic defects have been delineated in the enzymatic steps required 
for the synthesis of testosterone by the fetal testicular Leydig cells, and 
a defect in Leydig cell differentiation has also been described. These 
defects produce 46,XY males with incomplete masculinization. Because 
levels of testosterone are normally low before puberty except during 
the period of “minipuberty” at 1-2 months of age, an hCG stimulation 
test may be needed in children to assess the ability of the testes to 
synthesize testosterone. 

Leydig cell aplasia. Patients with aplasia or hypoplasia of the 
Leydig cells usually have a female phenotype, but there may be mild 
virilization. Testes, epididymis, and vas deferens are present; the uterus 
and fallopian tubes are absent due to normal production of miillerian- 
inhibiting substance. There are no secondary sexual changes at puberty, 
but pubic hair may be normal. Plasma levels of testosterone are low 
and do increase with hCG stimulation; luteinizing hormone (LH) 
levels are elevated. The Leydig cells of the testes are absent or markedly 
deficient. The defect may involve a lack of receptors for LH. In children, 
hCG stimulation is necessary to differentiate the condition from the 
androgen insensitivity syndromes (AISs), as older children with AIS 
have low testosterone levels when prepubertal. There is male-limited 
autosomal recessive inheritance. The human LH receptor is a member 
of the G protein-coupled superfamily of receptors that contains 7 
transmembrane domains. Several inactivating mutations of the LH 
receptor have been described in males with hypogonadism suspected 
of having Leydig cell hypoplasia or aplasia. 

Congenital adrenal hyperplasia (CAH). CAH due to lipoid adrenal 
hyperplasia: This is the most severe form of congenital adrenal hyper- 
plasia and it derives its name from the appearance of the enlarged 
adrenal glands resulting from accumulation of cholesterol and choles- 
terol esters. The rate-limiting process in steroidogenesis is the trans- 
port of free cholesterol through the cytosol to the inner mitochondrial 
membrane, where the P450 side-chain cleavage enzyme (CYP11A1) 
acts. Cholesterol transport into mitochondria is mediated by the ste- 
roidogenic acute regulatory protein (StAR) (see Fig. 23.5). Most 
patients with lipoid CAH have genetic mutations of StAR. A minority 
have mutations in CYP11A1. 

All serum steroid levels are low or undetectable, and ACTH and 
PRA levels are very elevated. The phenotype is female in both genetic 
females and males. Genetic males have no miillerian structures because 
the testes can produce normal AMH but no steroid hormones. These 
children present with acute adrenal crisis and salt wasting in infancy. 
Most patients are 46,XY. In 46,XX patients with StAR defects, ovarian 
steroidogenesis can occur at puberty, as ovarian estrogen production 
does not require StAR. These 46,XX patients do not have DSD. All 


patients have a lifelong requirement for glucocorticoid and mineralo- 
corticoid replacement therapy. Some patients will need estrogen 
replacement therapy, such as all 46,XX individuals with CYP11A1 
mutations, as well as all 46,XY lipoid CAH patients. Intraabdominal 
testes should be removed. 

CAH due to 3B-hydroxysteroid dehydrogenase type II (HSD3B2) 
deficiency. 46,XY infants with this form of CAH have various degrees 
of hypospadias, with or without bifid scrotum and cryptorchidism 
and, rarely, a complete female phenotype. Affected infants usually 
develop salt-losing manifestations shortly after birth due to an inability 
to synthesize biologically potent steroid hormones (see Fig. 23.5). 
Incomplete defects, occasionally seen in infants without salt loss and 
in boys with premature pubarche, as well as late-onset nonclassic 
forms have been reported, but these forms do not cause DSD. As 
described earlier, patients with HSD3B2 deficiency have point muta- 
tions of the gene encoding type II 3B-hydroxysteroid enzyme, resulting 
in impairment of steroidogenesis in the adrenals and gonads. The 
impairment may be unequal between adrenals and gonads. Normal 
pubertal changes in some boys could be explained by the normally 
present type I 3B-hydroxysteroid dehydrogenase present in many 
peripheral tissues. Infertility is frequent. There is no correlation 
between degree of salt wasting and degree of phenotypic abnormality. 
Replacement therapy with adrenal steroids is required from infancy 
on, and with sex steroids at puberty. In 46,XY patients with intra- 
abdominal testes who are being raised as females, gonadectomy is 
recommended. 

CAH due to deficiency of 17-hydroxylase/17,20-lyase. A single 
enzyme (CYP17A1) encoded by a single gene has both 17-hydroxylase 
and 17,20-lyase activities in adrenal and gonadal tissues (see Fig. 23.5). 
Genetic males with CYP17A1 deficiency usually have a complete 
female phenotype or, less often, various degrees of undervirilization 
from labioscrotal fusion to perineal hypospadias and cryptorchidism. 
Pubertal development fails to occur in both genetic sexes. 

In the classic disorder, there is decreased synthesis of cortisol by the 
adrenals and of sex steroids by the adrenals and gonads. Levels of the 
mineralocorticoid DOC and corticosterone are markedly increased 
and lead to the hypertension and hypokalemia characteristic of this 
form of 46,XY DSD. Although levels of cortisol are low, the elevated 
ACTH and corticosterone levels prevent symptomatic cortisol defi- 
ciency. The renin-aldosterone axis is suppressed because of the strong 
mineralocorticoid effect of elevated DOC. Virilization does not occur 
at puberty; levels of testosterone are low, and those of gonadotropins 
are increased. Because fetal production of AMH is normal, no miille- 
rian duct remnants are present. In 46,XY phenotypic females, removal 
of intraabdominal testes and replacement therapy with hydrocortisone 
and estrogenic sex steroids are indicated. 

CYP17A1 deficiency has autosomal recessive inheritance. Affected 
46,XX females are usually not detected until young adult life, when 
they fail to experience normal pubertal changes and are found to have 
hypertension and hypokalemia. This condition should be suspected in 
patients presenting with primary amenorrhea and hypertension whose 
chromosomal complement is either 46,XX or 46,XY. 

Deficiency of 17-ketosteroid reductase. This enzyme, also called 
17B-hydroxysteroid dehydrogenase (17B-HSD), catalyzes the final step 
in testosterone biosynthesis. It is necessary to convert androstenedione 
to testosterone and also DHEA to androstenediol, and estrone to estra- 
diol (see Fig. 23.5). Enzymatic defects in the fetal testis give rise to 
males with complete or near-complete female phenotype in 46,XY 
patients. Miillerian ducts are absent, and a shallow vagina is present. 
The diagnosis is based on the ratio of androstenedione to testosterone; 
in prepubertal children; an hCG stimulation test may be necessary to 
make the diagnosis. 


The inheritance is autosomal recessive. At least 4 different types of 
17B-HSD are recognized, each encoded by different genes on different 
chromosomes. Type HI (HSD17B3) is the enzyme defect that is espe- 
cially common in a highly inbred Arab population in Gaza. The gene 
for the disorder is expressed only in the testes, where it converts andro- 
stenedione to testosterone. Most patients are diagnosed at puberty 
because of virilization and the failure to menstruate. Testosterone 
levels at puberty may approach normal, presumably as a result of 
peripheral conversion of androstenedione to testosterone. Some 
patients spontaneously adopt a male gender role at puberty. 

Type I 17B-HSD converts estrone to estradiol and is found in pla- 
centa, ovary, testis, liver, prostate, adipose tissue, and endometrium. 
Type II, whose gene is on chromosome 16q24, reverses the reactions 
of types I and III (convert testosterone to androstenedione and estrone 
to estradiol, respectively). Type IV is similar in action to type II. A 
late-onset form of 17B-HSD deficiency presents as gynecomastia in 
young adult males. 

Persistent mullerian duct syndrome. In this disorder, there is per- 
sistence of müllerian duct derivatives in otherwise completely virilized 
males. Cases have been reported in siblings and identical twins. Crypt- 
orchidism is present in 80% of affected males; during surgery for this 
or inguinal hernia, the condition is uncovered when a fallopian tube 
and uterus are found. The degree of miillerian development is variable 
and may be asymmetric. Testicular function is normal in most, but 
testicular degeneration has been reported. Some affected males acquire 
testicular tumors after puberty. In a study of 38 families, 16 families 
had defects in the AMH gene. They had low blood AMH levels. In 16 
families with high AMH levels, the defect was in the AMH type II 
receptor gene, with 10 of 16 having identical deletions. 

Treatment consists of removal of as many of the miillerian struc- 
tures as possible without causing damage to the testis, epididymis, or 
vas deferens. 

Smith-Lemli-Opitz syndrome. Smith-Lemli-Opitz syndrome is an 
autosomal recessive disorder caused by mutations in the sterol A7- 
reductase gene. This prevents normal androgen synthesis. It is charac- 
terized by prenatal and postnatal growth retardation, microcephaly, 
ptosis, anteverted nares, broad alveolar ridges, syndactyly of the 
2nd-3rd toes, and severe mental retardation. Its incidence is 1/20,000- 
1/60,000; 70% are male. 46,XY patients usually have genital ambiguity 
or completely female external genitals. Müllerian duct derivatives are 
usually absent. Affected 46,XX patients have normal genitalia. Patients 
with Smith-Lemli-Opitz syndrome may also develop adrenal insuffi- 
ciency due to inability to produce sufficient steroid hormones. 


Defects in Androgen Action 


In the following group of disorders, fetal synthesis of testosterone is 
normal and defective virilization results from inherited abnormalities 
in androgen action. 

Dihydrotestosterone deficiency. Deficiency of steroid 5a- 
reductase type II (SRD5A2): SRD5A2 deficiency prevents the conver- 
sion of testosterone to dihydrotestosterone (DHT) in androgen target 
tissues. Decreased production of DHT in utero results in marked ambi- 
guity of external genitalia of affected 46,XY infants because of the 
absolute requirement for DHT in completion of prenatal virilization. 
Biosynthesis and peripheral actions of testosterone are normal. 

The phenotype most commonly associated with this condition in 
boys consists of a small phallus, bifid scrotum, urogenital sinus with 
perineal hypospadias, and a blind vaginal pouch (Fig. 23.7). Testes are 
in the inguinal canals or labioscrotal folds and are normal histologi- 
cally. There are no miillerian structures. Wolffian (mesonephric) struc- 
tures (ie. the vas deferens, epididymis, and seminal vesicles) are 
present. Most affected patients have been assigned the female sex of 
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FIGURE 23.7 5oa-Reductase deficiency. (From Wales JKH, Wit JM, 
Rogol AD. Pediatric Endocrinology and Growth. 2nd ed. Philadelphia: 
Elsevier; 2003:165.) 
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rearing. At puberty, virilization occurs; the phallus enlarges, the testes 
descend and grow normally, and spermatogenesis occurs, as DHT is 
not required for normal virilization at puberty. There is no gyneco- 
mastia. Beard growth is scanty, acne is absent, the prostate is small, and 
recession of the temporal hairline fails to occur. The prenatal viriliza- 
tion of the wolffian ducts is caused by the action of locally produced 
testosterone itself, although masculinization of the urogenital sinus 
and external genitals depends on the action of DHT during the critical 
period of fetal masculinization. Growth of facial hair and of the pros- 
tate postnatally also appears to be DHT dependent. 

Several different gene defects of SRD5A2 have been identified in 
patients from throughout the world. Familial clusters have been 
reported from the Dominican Republic, Turkey, Papua New Guinea, 
Brazil, Mexico, and the Middle East. There is no reliable correlation 
between genotype and phenotype. 

The disorder is inherited as an autosomal recessive trait but expres- 
sion is limited to males. Normal homozygous females with normal 
fertility indicate that in females DHT has no significant role in sex 
differentiation or in ovarian function later in life. The clinical diagnosis 
should be made as early as possible in infancy. It is important to dis- 
tinguish this from partial androgen insensitivity syndrome (PAIS), as 
patients with PAIS are far less sensitive to androgen treatment than are 
patients with SRD5A2 deficiency. The biochemical diagnosis of 
SRD5A2 deficiency is based on finding normal serum testosterone 
levels, and normal or low DHT levels with markedly increased basal 
and especially hCG-stimulated testosterone:DHT ratios (>17). 

It is important to note that most but not all children with SRD5A2 
deficiency reared as females in childhood have changed to identify as 
male around the time of puberty. It appears that exposures to testos- 
terone in utero, early postnatally, and at puberty have variable 
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contributions to the formation of their male gender identity. Much 
more needs to be learned about the influences of hormones such as 
androgens as well as the influences of cultural, social, psychologic, 
genetic, and other biologic factors in gender identity and behavior. 
Infants with this condition should be reared as boys whenever practi- 
cal. Treatment of male infants with DHT results in phallic enlargement. 
At this time, DHT is not commercially available in the United States, 
but can be obtained from European suppliers. 

Deficiency of 3a-reductase (AKRC): Another cause of DHT defi- 
ciency is a block in an alternative pathway of DHT synthesis (see Fig. 
23.5). Patients previously thought to have 46,XY DSD due to isolated 
deficiency of the 17,20-lyase activity of CYP17A1 have subsequently 
been characterized as having mutations in the AKRIC2 gene 
(3a-reductase type III) or both the AKR1C2and AKR1C4 (3a-reductase 
type IV) genes. These findings show that both the classical and alterna- 
tive pathways to DHT production must be intact for normal prenatal 
virilization. 

Androgen receptor defects: androgen insensitivity syndromes 
(AlSs). The AISs are the most common forms of 46,XY DSD, occur- 
ring with an estimated frequency of 1/20,000 genetic males. This group 
of heterogeneous X-linked recessive disorders can result from 1 of 
more than 150 different mutations described in the androgen receptor 
gene, located on Xq11-12: single point mutations resulting in amino 
acid substitutions or premature stop codons, frameshift and premature 
terminations, gene deletions, and splice site mutations. Post-receptor 
defects have also been described. 

The clinical spectrum seen in patients with AIS, all of whom have 
a 46,XY chromosomal complement, range from phenotypic females 
(complete AIS or CAIS) to males with various forms of atypical geni- 
talia and undervirilization (partial AIS or PAIS, as well as clinical 
syndromes such as Reifenstein syndrome) (Fig. 23.8) to phenotypically 
normal-appearing males with infertility. In addition to normal 46,XY 


chromosomes, the presence of testes and normal or elevated testoster- 
one and LH levels are common to all such patients. 

In CAIS, an extreme form of failure of virilization, genetic males 
appear female at birth and are invariably reared accordingly as their 
condition often goes undetected until childhood or adolescence. The 
external genitalia are female. The vagina ends blindly in a pouch, and 
the uterus is absent due to the normal production and effect of AMH 
by the testes. In about one third of patients, unilateral or bilateral fal- 
lopian tube remnants are found. The testes are usually intraabdominal 
but may descend into the inguinal canal; they consist largely of semi- 
niferous tubules. At puberty, there is normal development of breasts, 
and the habitus is female, but menstruation does not occur and sexual 
hair is absent. Adult heights of these women are commensurate with 
those of normal males despite profound congenital deficiency of 
androgenic effects. 

The testes of affected adult patients produce normal to elevated 
male levels of testosterone that are converted to normal levels of DHT. 
Failure of normal male external genitalia differentiation during fetal 
life reflects a defective response to androgens including DHT starting 
very early in gestation. 

Prepubertal girls with this disorder are often detected when ingui- 
nal masses prove to be testes or when a testis is unexpectedly found 
during inguinal herniorrhaphy. About 1-2% of girls with an inguinal 
hernia prove to have this disorder. In infants, elevated LH levels should 
suggest the diagnosis. In older girls and adults, amenorrhea is the usual 
presenting symptom. In prepubertal children, the condition must be 
differentiated from other types of 46,XY undervirilized males in which 
there is complete feminization. These include 46,XY gonadal dysgen- 
esis (Swyer syndrome), true agonadism, Leydig cell aplasia including 
LH receptor defects, and 17-ketosteroid reductase deficiency; all these 
conditions, unlike complete AIS, are characterized by low levels of 
testosterone as neonates and during adult life and by failure to respond 


FIGURE 23.8 A, Partial androgen insensitivity with descended testes in bifid labioscrotal folds. B, Less 
severe partial androgen insensitivity with severe hypospadias and maldescent of testes. (From Wales JKH, 
Wit JM, Rogol AD. Pediatric Endocrinolgy and Growth. 2nd ed. Philadelphia: Elsevier; 2003:165.) 
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to hCG during the prepubertal years. Although patients with complete 
AIS have unambiguously female external genitals at birth, those with 
partial AIS have a wide variety of phenotypic presentations ranging 
from perineoscrotal hypospadias, bifid scrotum, and cryptorchidism 
to extreme undervirilization appearing as clitoromegaly and labial 
fusion. Some forms of partial AIS have been known as specific syn- 
dromes. Patients with Reifenstein syndrome have incomplete viril- 
ization characterized by hypogonadism, severe hypospadias, and 
gynecomastia (Fig. 23.9). Gilbert-Dreyfus and Lubs are additional syn- 
dromes classified as partial AIS. In all cases, abnormalities in the andro- 
gen receptor gene or post-receptor defects have been identified. 

The diagnosis of patients with partial AIS may be particularly dif- 
ficult in infancy. The postnatal surge in testosterone and LH is dimin- 
ished in those with complete AIS (CAIS) but not in those with partial 
AIS (PAIS). In some, especially those sufficiently virilized in infancy, 
the diagnosis is not suspected until puberty when there is inadequate 
virilization with lack of facial hair or voice change and the appearance 
of unusually prominent gynecomastia. Azoospermia and infertility are 
common. Increasingly, androgen receptor defects are being recognized 
in adults who have a small phallus and testes and infertility. A single 
amino acid substitution in the androgen receptor was reported in a 
large Chinese family in whom some affected members were fertile 
while others had gynecomastia and/or hypospadias. 

In girls or young women with CAIS, the historical recommendation 
has been that testes should be removed prior to adult life, or as soon 
as they are discovered. In one third of patients, malignant tumors, 
usually seminomas, develop by 50 years of age. Several teenage girls have 
acquired seminomas. Replacement therapy with estrogens is indicated 


FIGURE 23.9 Partial androgen insensitivity syndrome at adolescence, 
male sex of rearing. Note gynecomastia from peripheral aromatase 
conversion of testosterone to estradiol. Abundant pubic hair implies 
only partial resistance. (From Wales JKH, Wit JM, Rogol AD. Pediatric 
Endocrinology and Growth. 2nd ed. Philadelphia: Elsevier; 2003:165.) 


at the age of puberty if the gonads were removed prior to this age. 
Some patients prefer to retain their gonads until after puberty has 
completed in order to mimic a more natural pubertal progression 
based on their own body’s timing of gonadotropins. 

Normal breasts develop in affected girls who have not had their 
testes removed by the age of puberty. In these individuals, production 
of estradiol results from aromatase activity on testicular testosterone. 
The absence of androgenic activity also contributes to the feminization 
of these women. 

The psychosexual and surgical management of patients with partial 
AIS is extremely complex and depends in large part on the presenting 
phenotype. Osteopenia is recognized as a late feature of AIS. 

Molecular analyses have suggested that phenotype may depend in 
part on somatic mosaicism of the androgen receptor gene. This was 
based on the case of a 46,XY patient who had a premature stop codon 
in exon 1 of the AR gene but who also had evidence of virilization 
(pubic hair and clitoral enlargement) explained by the discovery of the 
wild-type alleles on careful examination of the sequencing data. The 
presence of mosaicism shifts the phenotype to a higher degree of vir- 
ilization than expected from the genotype of the mutant allele alone. 
Genetic counseling is thus challenging in families with androgen 
receptor gene mutations. In addition to lack of genotype-phenotype 
correlations, there is a high rate (27%) of de novo mutations in 
families. 

The degree of sex hormone-binding globulin reduction after exog- 
enous androgen administration (stanozolol) has been shown to cor- 
relate with the severity of the receptor defect and may become a useful 
clinical tool. Successful therapy with supplemental androgens has been 
reported in patients with partial AIS and various mutations of the 
androgen receptor in the DNA-binding domain and the ligand-binding 
domain. 

Mutant androgen receptors are also reported in patients with spinal 
and bulbar muscular atrophy in whom clinical manifestations includ- 
ing testicular atrophy, infertility, gynecomastia, and elevated LH, FSH, 
and estradiol levels usually manifest between the 3rd and 5th decades 
of life. Androgen receptor mutations have also been described in 
patients with prostate cancer. 


Undetermined Causes of 46,XY Disorders of Sex Development 


Other 46,XY undervirilized males display great variability of the exter- 
nal and internal genitalia and various degrees of phallic and miillerian 
development. Testes may be histologically normal or rudimentary, or 
there may only be 1 testis. Other complex genetic syndromes, many 
resulting from single-gene mutations, are associated with varying 
degrees of ambiguity of the genitalia, particularly in the male. These 
entities must be identified on the basis of the associated extragenital 
malformations. Examples include bladder exstrophy and Eagle- 
Barrett syndrome (formerly known as prune-belly syndrome). 
Another such complex syndrome is termed ATRX or X-linked 
o.-thalessemia with mental retardation and genital abnormalities. 


Ovotesticular Disorders of Sex Development 


In ovotesticular DSD, both ovarian and testicular tissues are present, 
either in the same or in opposite gonads. Affected patients have ambig- 
uous genitalia, varying from normal female with only slight enlarge- 
ment of the clitoris to almost normal male external genitalia. 

About 70% of all patients have a 46,XX karyotype. Ninety-seven 
percent of affected patients of African descent are 46,XX. Fewer 
than 10% of persons with ovotesticular DSD are 46,XY. About 20% 
have 46,XX/46,XY mosaicism. Half of these are derived from more 
than 1 zygote and are chimeras (chi 46,XX/46,XY). The presence 
of both paternal and maternal alleles for some blood groups are 
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demonstrated. An ovotesticular DSD chimera, 46,XX/46,XY, was 
reported as resulting from embryo amalgamation after in vitro fer- 
tilization. Each embryo was derived from an independent, separately 
fertilized ovum. 

Examination of 46,XX ovotesticular DSD patients with Y-specific 
probes has detected fewer than 10% with a portion of the Y chromo- 
some including the SRY gene. Ovotesticular DSD is usually sporadic, 
but a number of siblings have been reported. The cause of most cases 
of ovotesticular DSD is unknown. 

The most frequently encountered gonad in ovotesticular DSD is an 
ovotestis, which may be bilateral. If unilateral, the contralateral gonad 
is usually an ovary but may be a testis. The ovarian tissue is often 
normal, but the testicular tissue is usually dysgenic. The presence and 
function of testicular tissue can be determined by measuring basal and 
hCG-stimulated testosterone levels as well as AMH levels. Patients who 
are highly virilized and have had adequate testicular function with no 
uterus are usually reared as males. If a uterus exists, virilization is often 
mild and testicular function minimal; assignment of female sex may 
be indicated. Selective removal of gonadal tissue inconsistent with sex 
of rearing may be possible. In a few families, 46,XY ovotesticular DSD 
subjects and 46,XX males have been described in the same sibship. 


Defects in the ovarian developmental protein R-spondin 1, encoded 
by the RSPOI gene, have also been described in 46,XX ovotesti- 
cular DSD. 

Pregnancies with living offspring have been reported in 46,XX ovo- 
testicular DSD individuals reared as females, but very few males with 
ovotesticular DSD have fathered children. About 5% of patients will 
develop gonadoblastomas, dysgerminomas, or seminomas. 


Sex Chromosome Disorders of Sex Development 


Some ambiguity of the genitalia is associated with a wide variety of 
chromosomal aberrations (see Table 23.2), which must always be con- 
sidered in the differential diagnosis, the most common being the 
45,X/46,XY syndrome. It may be necessary to karyotype several tissues 
to establish mosaicism. The phenotype in 45,X/46,XY individuals may 
vary from completely female to completely male, and it is reported that 
there are probably a large number of patients who are never detected 
and are raised as normal males. 

Other conditions included in the broad category of sex chromo- 
some DSD include 45,X Turner syndrome, and 47,XXY Klinefelter 
syndrome, due to their associated gonadal failure. However, patients 
with these conditions have normal external genitalia at birth. 


Danger signs include manifestations of adrenal insufficiency, in addi- 
tion to a male phenotype without a palpable testis in the scrotum, 
hyperpigmentation (increased ACTH production), and hypertension. 
Although normal at birth, male patients with CAH experience an 
adrenal crisis once circulating placental-maternal steroid hormones 
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are catabolized and excreted. This phenomenon often occurs between 
the 3rd and 10th days of life. The initial diagnosis in the boy with salt- 
losing CAH may be sepsis, pyloric stenosis, meningitis, or other more 
common neonatal conditions. 
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Intellectual and Developmental Disability 


DEFINITIONS 


Intellectual disability (ID) has replaced the older term mental retarda- 
tion (MR), reflecting a more enlightened and progressive attitude 
toward individuals with disabilities. ID is characterized by significant 
limitations in intellectual functioning and in adaptive behavior that 
begin before age 18 years, and are expressed in conceptual, social, and 
practical adaptive skills. The impairments of ID extend beyond what 
is measured on a standardized test of intelligence, and must take into 
account the context of an individual’s typical environment and their 
cultural and linguistic backgrounds. Adaptive functioning includes 3 
broad domains: conceptual, social, and practical. The conceptual 
domain involves academic competence, the acquisition of practical 
knowledge, and judgment in novel situations. The social domain 
involves awareness of others’ thoughts and feelings, empathy, friend- 
ships, and social judgment. The practical domain involves the ability 
to manage one’s own affairs, including school and work responsibili- 
ties, money management, and recreation (Table 24.1). Although ID is 
a lifelong condition, it is recognized that “with appropriate personal- 
ized supports over a sustained period, the life functioning of the person 
with intellectual disability generally will improve.” In a long-term study 
comparing ID and non-ID siblings, those with mild ID (intelligence 
quotient [IQ] between 64 and 75) were just as likely to find stable 
employment, to have similar total family incomes, to have stable mar- 
riages, and to raise children as their siblings. However, they reported 
higher rates of psychologic distress and lower rates of participation in 
formal organizations. Table 24.2 provides descriptions of typical adult 
functioning in individuals with varying degrees of ID. 

The term developmental disability includes a diverse group of 
lifelong physical and mental impairments that negatively affect an 
individual’s ability to function as well as their peers. These conditions 
begin during childhood (before 22 years of age), and interfere with 
mobility, acquisition of self-care ability, communication skills, social 
skills, general learning ability, and independent living. The specific 
types of conditions and categories of disabilities vary widely. The 
National Institute for Child Health and Development (NICHD) 
includes the following conditions: neurologic disorders: cerebral palsy, 
muscular dystrophy, epilepsy, genetic syndromes, autism, and degen- 
erative disorders; sensory disorders: blindness and deafness; metabolic 
disorders: phenylketonuria (PKU); and cognitive disorders: intellectual 
impairment, learning disabilities, and attention-deficit/hyperactivity 
disorder (ADHD). Developmental disabilities may be isolated, as in a 
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child with impaired vision, or may be multiple, as in a child with delays 
in motor, cognitive, language, and social functioning. There may be 
considerable overlap in specific disorders in terms of the affected func- 
tions (Fig. 24.1). In young children, developmental delays may result 
from a wide range of causes, including early environmental under- 
stimulation, chronic physical illness, neuromuscular disorders, central 
nervous system (CNS) abnormalities, genetic syndromes, etc. Some 
etiologies are fully or partly amenable to early educational and medical 
interventions, while others may lead to permanent intellectual impair- 
ment or progressive deterioration of functioning. Therefore, until a 
young child has had the benefit of early intervention services and he 
or she has matured to the point where formal cognitive, language, and 
adaptive measures are stable and predictive of future functioning, the 
descriptive term global developmental delay (GDD) is preferred. 


EPIDEMIOLOGY 
Intellectual Disability 


The overall prevalence of ID varies from 1-3%, depending on the 
criteria used and the age of the individual at the time of evaluation. 
For example, standardized tests of intelligence have a mean of 100 and 
standard deviation of 15 points. Statistically, 2.5% of individuals 
should have an IQ score below 2 standard deviations (70 points) and 
fit the cognitive criterion for ID. However, because the standard error 
of measurement is approximately 5 points, extending the IQ score 
upward to 75 points would almost double the prevalence of ID. This 
might be countered by secondary criteria involving deficits in adaptive 
behaviors, since many children with IQ scores in the mildly low range 
(55-70) will not qualify for a diagnosis of ID because they have 
adequate adaptive functioning. 

Many studies have documented a higher rate of mild ID in eco- 
nomically disadvantaged children that stems from a few highly signifi- 
cant sociodemographic factors. In 1 study, approximately half of the 
excess prevalence of mild ID among African-American 10-year-old 
children in the mid-1980s was related to the mother’s level of educa- 
tion and her age at the time of delivery, birth order, sex of the child, 
and family’s income level. 


Developmental Disability 


Developmental disabilities affect approximately 1 in 6 children in the 
United States (13.8%). The prevalence rates vary by specific condition: 
Learning disabilities (7.66%) and ADHD (6.69%) are the most 
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common, while ID, epilepsy, autism, deafness, cerebral palsy, and 
blindness each affect less than 1%. Boys have more than twice the 
prevalence of any developmental disability, and children insured by 
Medicaid have a nearly 2-fold higher prevalence of disability compared 
with those with private Insurance. The overall prevalence of disability 
increased by 17% between 1997 and 2008, mostly due to a nearly 4-fold 
change in autism (from 0.19% to 0.74%). In addition, the prevalence 
of Down syndrome increased by 31% (from 0.09% to 0.12%). Table 
24.3 lists the prevalences of selected conditions. 


DIAGNOSIS 


Identification of a specific cause for delayed development in a child is 
important and may provide insight into prognosis, recurrence risk, 


TABLE 24.1 Diagnosis of 
Intellectual Disability 


Diagnostic Criteria 

All 3 Criteria Must Be Met 

A. Deficits in intellectual function, such as reasoning, problem solving, 
planning, abstract thinking, judgment, academic learning, and learning 
from experience, confirmed by both clinical assessment and 
individualized standardized testing. 

. Deficits in adaptive functioning that result in failure to meet 
developmental and sociocultural standards for personal independence 
and social responsibility. Without ongoing support, the adaptive deficits 
limit functioning in 1 or more activities of daily life, such as 
communication, social participation, and independent living, across 
multiple environments, such as home, school, work, and community. 

. Onset of intellectual and adaptive deficits during the developmental 
period. 


Assumptions 

1. Assessments performed on the child are sensitive to differences in 
culture, language, communication, and behavior. 

2. The demands and constraints of the child’s environment (home, 
neighborhood, school) must be considered. 

3. Even children with limitations have strengths that should be considered. 


Data from American Psychiatric Association. Diagnostic and Statistical 
Manual of Mental Disorders (DSM-V). 5th ed. Arlington, VA: American 
Psychiatric Association; 2013. 
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therapies, counseling, and linkage with a supportive group. From a 
community perspective, having a specific diagnosis for an affected 
individual helps in the development of treatment and prevention strat- 
egies. Identification of the child’s functional abilities, strengths and 
weaknesses, overall physical health, and environmental factors is criti- 
cal for optimizing the child’s health, development, and functioning. In 
addition, the origin of developmental disability is not apparent in 
many children, or there may be multiple possible causal factors or 
multiple disabilities present. For example, 23% of children with devel- 
opmental disabilities have 2 disabilities, and 6% have 3 or more. Even 
if a specific diagnosis cannot be made, early identification of develop- 
mental delay can lead to a program of early intervention or remedia- 
tion that may improve the child’s ultimate functioning. To identify 
those disorders, which are amenable to intervention, an international 
consortium has developed both a web-based tool and a mobile applica- 
tion (app) to assist expert clinicians and general practitioners alike 
in the evaluation and management of children with ID (http:// 
www.treatable-id.org/). 


IDENTIFICATION 


Children who experience significant complications in the perinatal 
period or who are born with obvious congenital anomalies are at risk 
for developmental disabilities. In addition, newborn screening pro- 
grams may identify children with rare but significant problems who 
require early treatments and interventions. Children with no apparent 
risk factors or obvious physical or neurologic symptoms may be 


Mental 
retardation 


Language disorder 


FIGURE 24.1 Relationship of autism, language disorders, and intel- 
lectual disability. (Modified from Simms MD, Schum RL. Preschool 
children who have atypical patterns of development. Pediatr Rev. 
2000;21:147-158.) 


TABLE 24.2 Severity of Intellectual Disability and Adult Age Functioning 


Level Mental Age as an Adult* 
Mild 9-11 yr 


Adult Adaptation 


Reads at 4th-5th grade level; simple multiplication/division; writes simple letters, lists; completes job 


applications; basic independent job skills (arrive on time, stay at task, interact with coworkers); uses public 
transportation, may qualify for driver's license; keeps house, cooks using recipes 


Moderate 6-8 yr 


Sight-word reading; copies information, e.g., address from card to job application; matches written number to 


number of items; recognizes time on clock; communicates; some independence in self-care; housekeeping 
with supervision or cue cards; meal preparation, can follow picture recipe cards; job skills learned with much 
repetition; uses public transportation with some supervision 


severe 3-5 yr 


Profound <3 yr 


Needs continuous support and supervision; may communicate wants and needs, sometimes with augmentative 
communication techniques 


Limitations of self-care, continence, communication, and mobility; may need complete custodial or nursing care 


* International Statistical Classification of Diseases and Related Health Problems. 10th revision. World Health Organization; 2010. 
From Schum RL. Grand Rounds Presentation at Children’s Hospital of Wisconsin; 2003. 
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TABLE 24.3 Prevalence of Select Conditions Associated with Developmental Delay 


Condition 

Cerebral palsy 
Significant hearing loss 
Down syndrome 
Fragile X syndrome 
Meningomyelocele 
Klinefelter syndrome 
Fetal alcohol syndrome 
Congenital HIV infection 
Blindness 

Infantile hydrocephalus 
Neurofibromatosis 
Trisomy 18 

Trisomy 13 

Turner syndrome 
Prader-Willi syndrome 
Galactosemia 
Phenylketonuria 
Anophthalmia 

Rett syndrome 
Histidinemia 


Prevalence/100,000 
250-270 
150 
98-125 
ly 
60-100 
100 
60-800 
5-50 
41-88 
64 

33 

30 


Comments 

Represents many causes 

In neonatal period 

Prevalence at birth 
Predominantly in boys 
Prevalence at birth 

15% have intelligence quotient (10) <80 
Present at birth 

Preventable with maternal and neonatal therapy 
At 10 yr of age 

Prevalence at birth 

5% have intellectual disability 
Prevalence at birth 

Prevalence at birth 

IQ may be normal 

In childhood 

In infancy 

In infancy 

Consider other anomalies 

In girls 2-18 yr of age 

At birth 


Acrocephalosyndactylia (Apert syndrome) 


identified through a process of surveillance and screening during 
routine child health care visits. 


Developmental Risk Factors 


Young children’s development may be adversely affected by biologic 
and/or sociocultural risk factors (Table 24.4). Many risk factors can be 
graded according to severity (e.g., degree of prematurity, intracranial 
hemorrhage, intrauterine growth restriction), but it is often the cumu- 
lative effect of multiple factors that ultimately determines a child’s 
developmental outcome, even when 1 or more “severe” risks are 
present. For example, it has been shown that low 5-minute Apgar 
scores, in the absence of other symptoms of neonatal encephalopathy, 
correlate poorly with long-term neurologic dysfunction. Sociocultural 
risks also can have profound effects on development and may interact 
with biologic risk factors to create a greater effect than any single factor 
alone (so-called “double jeopardy”). 


Developmental Protective Factors 


During the process of developmental surveillance, the clinician should 
identify and acknowledge the influence of protective and supportive 
factors that may contribute to positive outcomes. For example, barring 
catastrophic circumstances, child-rearing conditions that support and 
enrich early development may compensate for biologic deficits. Socio- 
cultural factors, such as small family size, higher level of parental 
education, and fewer changes in residence have a more powerful 
positive effect than many biologic risks and seem to be important 
predictors of developmental functioning beyond infancy. The brains 
of infants and young children are remarkably resilient and normal 
cognitive and language outcomes are often seen, even in the face 
of perinatal stroke or similar focal brain injuries. Neural plasticity 
also extends to situations of extreme environmental deprivation, 


Present at birth 


TABLE 24.4 Risk Factors for 


Developmental Disabilities 


Biologic 

Male sex 

Maternal age above 30 yr old 
Multiple pregnancies 

High birth order 

Preterm birth 

Low birthweight (<750 g) 
Intrauterine growth restriction 
small head circumference 
Brain malformations 
Holoprosencephaly 
schizencephaly 
Lissencephaly 

Neonatal complications 
Neonatal encephalopathy 
Intracranial hemorrhage 
symptomatic hypoglycemia 
severe hyperbilirubinemia 
Congenital infections 


Acquired central nervous system infections 


lron and iodine deficiencies 
Brain injury 
Malnutrition 


Sociocultural 
Low parental education 
Maternal depression 
Maternal substance abuse 
Low socioeconomic status 
Lack of prenatal care 
Inadequate environmental 
stimulation 


TABLE 24.5 Developmental 
Protective Factors 


Sociocultural 

omall family size 

Higher level of parental education 
Few changes in residence 
Parental support system 


Biologic 

Neural plasticity 

Comprehensive and supportive 
health care 

Early intervention services 


providing interventions occur early enough. In addition, preschool 
early intervention programs that are designed to mitigate the factors 
that place children at risk for poor outcomes have been shown to 
have significant short- and long-term educational, behavioral, and 
economic benefits (Table 24.5). 


SCREENING FOR SPECIFIC ABNORMALITIES 


Deficits in vision, hearing, and language can have devastating effects 
on development; early intervention to ameliorate these problems can 
improve outcomes. All children should be screened on a regular basis 
for these conditions. 


Visual Deficits 


Children at high risk for development of deficits in vision (see Chapter 
32) include those with strabismus (especially after 4 months of age), 
hydrocephalus, congenital infection, neonatal encephalopathy, con- 
genital anomaly of the CNS, prematurity with overexposure to oxygen, 
and family history of a childhood onset of visual impairment. All 
neonates should routinely undergo an evaluation of their fundi for the 
presence of a red reflex, which can be obscured by cataract or tumor, 
as well as inspection of the globe, which may be affected by congenital 
glaucoma. Infants with nystagmus who do not follow visually by 3 
months of age, who have dissociation between visual behavior and 
motor behavior, or whose parents express concern about their vision 
should undergo a formal ophthalmologic evaluation. 

Preschool children should undergo periodic evaluations of extra- 
ocular movements to rule out strabismus and amblyopia; the evalua- 
tion should include visual inspection of the child’s eyes, the Hirschberg 
light test, and the cover-uncover test. As early in the child’s develop- 
ment as possible, specific tests of monocular and binocular vision such 
as Allen cards (3-5 years), the Snellen chart (>5 years), or the Titmus 
test (>4 years) should be performed. 


Loss of Hearing 


Early detection of hearing loss is critical for optimizing the language 
development of these children. Universal newborn hearing screening 
programs (UNHSP) have been in place since the 1990s to detect infants 
born with moderate, severe, or profound bilateral hearing impairment. 
More than 95% of all children born in the United States are screened 
for hearing loss shortly after birth. Although the prevalence of con- 
genital deafness is low in the general population (1-3/1,000 infants), it 
is higher in infants who require neonatal intensive care services 
(2-4/100 infants). More than half of babies with permanent congenital 
hearing impairment do not have prospectively identifiable risk factors 
and would be missed without UNHSP. They would not receive hearing 
intervention within the Ist 6 months of life, a period that is critical for 
speech, language, and later learning development. Hearing loss can be 
acquired during infancy or childhood from infection (cytomegalovirus 
[CMV], meningitis), trauma (particularly basal skull and temporal 
bone fractures), ototoxic drugs (aminoglycosides, furosemide), or 
damaging noise levels. A number of genetic syndromes are associated 
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TABLE 24.6 Risk Indicators Associated 
with Permanent Congenital, Delayed-Onset, 
and/or Progressive Hearing Loss in Children 


. Caregiver concern* regarding hearing, speech, language, or 
developmental delay. 

. Family history” of permanent childhood hearing loss. 

. Neonatal intensive care of >5 days or any of the following, 
regardless of length of stay: ECMO,* assisted ventilation, exposure to 
ototoxic medications (gentamicin and tobramycin) or loop diuretics 
(furosemide/Lasix), and hyperbilirubinemia that requires exchange 
transfusion. 

. In utero infections such as CMV,* herpes, rubella, syphilis, and 
toxoplasmosis. 

. Craniofacial anomalies, including those that involve the pinna, ear 
canal, ear tags, ear pits, and temporal bone anomalies. 

. Physical findings, such as a white forelock, that are associated with a 
syndrome known to include sensorineural or permanent conductive 
hearing loss. 

. syndromes associated with hearing loss or progressive or late-onset 
hearing loss,” such as neurofibromatosis, osteopetrosis, and Usher 
syndrome; other frequently identified syndromes include Waardenburg, 
Alport, Pendred, and Jervell and Lange-Nielsen. 

. Neurodegenerative disorders* such as Hunter syndrome or sensory 
motor neuropathies such as Friedreich ataxia and Charcot-Marie-Tooth 
syndrome. 

. Culture-positive postnatal infections associated with sensorineural 
hearing loss,* including confirmed bacterial and viral (especially herpes 
viruses and varicella) meningitis. 

. Head trauma, especially basal skull/temporal bone fracture* that 
requires hospitalization. 

. Chemotherapy. * 

. Recurrent or persistent otitis media for at least 3 mo. 


*Risk indicators that are of greater concern for delayed-onset 
hearing loss. 

ECMO, extracorporeal membrane oxygenation; CMV, 
cytomegalovirus. 

From American Academy of Pediatrics, Joint Committee on Infant 
Hearing. Pediatrics. 2007;120(4):898-921. 


with deafness (Waardenburg, Alport, Pendred, and Jervell and Lange- 
Nielsen) and progressive or late-onset hearing loss can occur in neu- 
rofibromatosis, Usher syndrome, Hunter syndrome, Friedreich ataxia, 
or Charcot-Marie-Tooth syndrome (Table 24.6). The American 
Academy of Pediatrics (AAP) recommends that children with 1 or 
more “risk factors” should have hearing screening again at 24-30 
months, even if they passed the newborn screening test. In addition, 
parental concern about hearing loss has a sensitivity of approximately 
44%. If parents express concern about their child’s ability to hear and 
if the child has had recurrent episodes of otitis media, mastoiditis, or 
1 of the perinatal or familial risk factors, a formal audiometric screen- 
ing should be performed. Table 24.7 lists the latest acceptable age 
(“limit ages”) for the appearance of skills related to hearing; absence 
of these milestones may indicate a disorder of hearing. Deaf infants 
may smile, coo, and babble; however, their vocalizations usually cease 
after 8 months of age. 


Speech and Language Disorders 

Disorders of speech and language development, prevalent in 3-20% of 
preschool children, are the most common reason for referral to early 
intervention programs and are correlated with subsequent learning 
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TABLE 24.7 Latest Acceptable Age for 
Skills Related to Hearing 


Age (mo)' 


Activity 

Not startling to loud sounds 

Not smiling to voice; not vocalizing 

Does not localize speech or other sounds 
Not babbling multiple sounds and syllables 
No words 

<50% of speech understandable 


*A child who does not demonstrate the activity by the stated age 
should have formal audiometry performed. 

‘Corrected for gestational age. 

Modified from the Arizona Speech, Language, Hearing Association. 


TABLE 24.8 Speech-Language Screening 
for Pediatricians 


Refer for a Speech-Language Evaluation if: 
At Age Receptive Expressive 
15 mo Does not look/point at Not using 3 words 
5-10 objects/people 
named by a parent 
Does not follow simple 
directions 
(“Get your shoes”) 


Not using Mamma, Dadda, or 
other names 


Does not point to 
pictures or body parts 
when they are named 


Not using 25 words 


Does not verbally 
respond or nod/shake 
head to questions 


Not using unique 2-word 
phrases, including 
noun-verb combinations 


Does not understand 
prepositions or action 
words; does not follow 
2-step directions 


Vocabulary <200 words; does 
not ask for things by name; 
echolalia to questions; 
regression of language after 
acquiring 2-word phrases 


From Schum RL. Language screening in the pediatric office setting. 
Pediatr Clin North Am. 2007;54:425-436. 


problems. Speech refers to the mechanics of oral communication 
(sound production); language includes the understanding, processing, 
and production of communication (words). Speech problems may 
include articulation (pronunciation) deficits (phonologic or apraxic 
speech disorders), fluency disorders (stuttering), or unusual voice 
quality. Language delays may be confined to expression with normal 
receptive abilities, or may involve both expressive and receptive abili- 
ties. Language delays may be a feature of GDD/ID, autism spectrum 
disorders (ASDs), hearing impairment, or may be the result of an 
isolated disorder (specific language impairment). 

Children with speech and language delays often experience emo- 
tional and social adjustment difficulties related to their inability to 
communicate effectively with parents and peers. In general, children 
with normal comprehension of language and normal nonverbal cogni- 
tive abilities have an excellent prognosis, while those with receptive 
delays are at risk for language-based learning disabilities (reading com- 
prehension and writing disorders) (Table 24.8). 
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OTHER CONDITIONS 


Prenatal and Newborn Screening Programs 


Prenatal Screening 

Prenatal screening has undergone significant changes with the advent 
of “next generation sequencing” (NGS) technologies. The traditional 
screening takes the form of biochemical and ultrasound tests, which 
may detect fetuses at high risk for chromosome anomalies and neural 
tube defects. In the Ist trimester (11-14 weeks’ gestation), measurement 
of maternal serum levels of human chorionic gonadotropin (hCG) and 
pregnancy-associated plasma protein A (PAPP-A), and a sonogram 
measurement of the fluid underneath the skin along the back of the 
fetus’ neck (nuchal translucency) may identify Down syndrome, trisomy 
13, or trisomy 18. In the 2nd trimester (15-22 weeks’ gestation), a quad 
screen (-fetoprotein, hCG, estriol, and inhibin A levels) may identify 
Down syndrome and neural tube defects (spina bifida, encephalocele). 
An abnormal result on these screenings is typically followed by high- 
resolution ultrasonography, chorionic villus sampling or amniocente- 
sis, genetic testing (chomosome analysis or microarray), and genetic 
counseling. NGS technologies allow for noninvasive prenatal testing 
(NIPT) on maternal blood samples, also called cell-free fetal DNA 
prenatal testing. These technologies identify possible chromosomal and 
microdeletion disorders through maternal blood screening. If an abnor- 
mality is detected, a confirmatory test is still required through more 
invasive techniques such as amniocentesis. In addition, prenatal genetic 
carrier screening can be performed for a large number of disorders; at 
present, these are the only standard of care for individuals at high risk 
for certain genetic conditions (e.g., Tay-Sachs). 


Newborn Screening 


Uniform newborn screening has been highly successful in identifying 
children with rare but serious conditions who can benefit from early 
intervention. All 50 states, U.S. territories, and the U.S. military rou- 
tinely test for inborn errors of metabolism (IEM), congenital hypothy- 
roidism, congenital adrenal hyperplasia, severe T-cellimmunodeficiency 
(SCID), cystic fibrosis, and hemoglobinopathies. Test samples should 
be collected between 24-48 hours of age, but results may be influenced 
by a variety of maternal and infant factors. For example, tests for con- 
genital adrenal hyperplasia are sensitive to the weight of the infant and 
the use of steroids. Screening for hypothyroidism (thyroid-stimulating 
hormone [TSH]) may be falsely low in premature or low-birthweight 
infants. In addition, use of antibiotics and total parenteral nutrition 
(TPN) may interfere with interpretation of newborn metabolic screen- 
ing tests. While all states screen for a “core panel” of 29 conditions, they 
vary in testing for other conditions. An additional 26 conditions have 
been recommended for inclusion in the U.S. Health and Human Ser- 
vices Recommended Uniform Screening Panel. Normal newborn 
screening test results do not eliminate the possibility that a clinically 
symptomatic child could have 1 of the disorders in the state’s panel. 
Clinicians should familiarize themselves with the specific tests that are 
routinely performed in each state. 


IDENTIFICATION OF CHILDREN WITH 
DEVELOPMENTAL DISABILITIES IN PRIMARY 
HEALTH CARE SETTINGS 


Not all developmentally disabling conditions can be identified at or 
shortly after birth through newborn screening programs. Many disor- 
ders may not manifest until children are preschool or school age, 
and some infrequent disorders cause regression or deterioration of 
function beginning at different ages. Therefore, identification of 


children with developmental disabilities is a continuous process that 
should take place throughout childhood. 

Parents, caretakers, or teachers who have concerns about the child’s 
behavior or his or her failure to meet age-appropriate developmental 
expectations often identify children with developmental disabilities. In 
] study, 14% of parents waiting for well child visits had a concern about 
their child'slearning or cognition. Multiple studies have found parental 
concern to identify correctly 74-80% of preschool age children (0-6 
years old) with cognitive delays, speech and language delays, and learn- 
ing disabilities. Conversely, the absence of parental concern correctly 
identified 70-80% of children without a significant disability. Thus, 
reliance on parental concern alone as a means of identification (sensi- 
tivity and specificity) matches acceptable standards for more formal 
developmental screening tests. However, sole reliance on parental con- 
cerns will miss a substantial number of children with developmental 
concerns, especially those with more subtle disabilities, for a variety of 
reasons. Parents may be unaware of their child’s delays, they may lack 
the confidence to raise their concerns to the health care provider, or 
the provider may dismiss these concerns and not pursue further inves- 
tigation. In particular, children without obvious physical impairments 
may not be identified until they enter a formal school program. Com- 
plicating matters further, children with developmental disabilities may 
experience significant behavioral or emotional difficulties that “mask” 
(or distract from) their underlying developmental difficulties. 


Developmental Screening 


Developmental screening involves the routine application of a brief 
standardized tool when there is no obvious concern. Developmental 
screening tests for use by health care providers have been available for 
several decades, but they are rarely administered by pediatricians, and 
generally lack sufficient sensitivity to identify subtle disorders while 
falsely identifying a significant number of nonaffected children. 
Instead, physicians are more likely to rely on their own clinical judg- 
ment, which detects fewer than 30% of children with significant devel- 
opmental disabilities, or on informal and nonstandardized lists of 
developmental milestones. A more practical and widely accepted alter- 
native is the use of parent-completed developmental questionnaires, 
such as the Ages and Stages Questionnaire (ASQ) or the Parents’ Evalu- 
ations of Developmental Status (PEDS) that can be scored by nonphy- 
sician staff and interpreted by the health care provider. 


Developmental Surveillance 


Developmental surveillance is a “flexible, continuous process whereby 
knowledgeable professionals perform skilled observations of children 
throughout all encounters during child health care.” The goal of devel- 
opmental surveillance is to identify children who may benefit from 
further diagnostic evaluations and early intervention services. To be 
effective, surveillance requires clinicians to be knowledgeable about 
child development and to recognize both variations of and deviations 
from normal patterns. Identification of children in need of further 
evaluation is believed to be improved by incorporating into the process 
developmental risk factors based on the child’s medical history, family 
history, as well as social and environmental circumstances. Addition- 
ally, clinicians are encouraged to include the observations and impres- 
sions of preschool teachers, public health nurses, and other professionals 
involved in the child’s care. 

The AAP recommends a combination of both developmental sur- 
veillance at every well child visit and standardized developmental 
screening at the 9-, 18-, and 30-month visits (Fig. 24.2). At any point 
in this process, children who elicit concern about their development 
should be referred for further diagnostic evaluations and for early 
intervention and educational programs. 
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COMPREHENSIVE DEVELOPMENTAL ASSESSMENT 


Children identified with developmental delays should receive a com- 
prehensive, multidisciplinary evaluation including assessments of neu- 
rodevelopmental, cognitive, and communication functioning. These 
assessments should focus on both the child’s strengths and functional 
abilities as well as on weaknesses and disabilities. Based on the findings 
from these evaluations, further subspecialty consultations (e.g., neu- 
rology, genetics, physical medicine and rehabilitation, ophthalmology, 
occupational and physical therapy, speech therapy) can be arranged, 
and a plan for specific laboratory investigations developed. The goals 
of the evaluations are to identify a specific etiologic diagnosis, prog- 
nosis, recurrence risk, and interventions to promote the child’s optimal 
development. Parents may also benefit from associating with a disease- 
specific support group. 


Neurodevelopmental Pediatric Assessment 

History 

Pediatric evaluation of a child with GDD or ID consists of a complete 
history and physical examination. Schedule the evaluation as a separate 
visit with sufficient uninterrupted time (at least 45-60 minutes) to 
focus on issues related to the child’s behavior and development. Unless 
the child’s and family’s histories are well known to the provider, parents 
can be asked to complete detailed history questionnaires, developmen- 
tal and behavioral rating scales, and to provide any additional informa- 
tion from outside sources (e.g., prior medical records, consultation 
reports, educational evaluations, etc.) prior to this visit that will con- 
tribute to assembling a complete record of the child’s care. Previsit 
preparation may help parents to refresh their memory regarding their 
child’s development and to focus their questions and concerns during 
the evaluation. 

Many disabilities have their origin in the prenatal period, so the 
pregnancy and birth history are reviewed carefully for possible devel- 
opmental risk factors (Table 24.9). Difficulty in conception or history 
of recurrent pregnancy loss may suggest the presence of an inherited 
chromosome anomaly. Maternal illnesses (toxoplasmosis, other [syph- 
ilis, varicella-zoster, parvovirus B19], rubella, CMV, and herpes 
[TORCH] infections; HIV infection) preceding or continuing through 
pregnancy, or exposure to potentially harmful or teratogenic sub- 
stances (tobacco, alcohol, illicit drugs, radiation exposure, or medica- 
tions) should be noted. Other pregnancy complications such as 
intrauterine growth restriction (which may reflect chronic placental 
insufficiency, uterine anatomic abnormality, or fetal genetic anomaly); 
bleeding (especially in the 3rd trimester), which can be caused by 
placenta previa; placental abruption; or hemolysis, elevated liver 
enzymes, and low platelets (HELLP) syndrome; hypertension (espe- 
cially leading to eclampsia); complications of maternal diabetes; or 
limited prenatal care may be associated with poor fetal outcomes. 
In the perinatal period, signs of fetal distress during labor (heart 
rate and movement abnormalities associated with uterine contrac- 
tions), low Apgar scores, neonatal seizures, or the need for extensive 
neonatal resuscitation may be the result of acute fetal CNS injury 
or preexisting congenital abnormalities that first manifest at the time 
of birth. The method of delivery and the reason(s) for nonvaginal 
delivery may reflect on fetal status at the time of birth. Neonatal 
physical measurements (weight, length, and head circumference) when 
compared with gestational age are helpful in determining whether 
the child experienced intrauterine growth restriction. Severe medical 
complications in the neonatal period such as the presence of neonatal 
encephalopathy syndrome including seizures and multiorgan com- 
promise, intraventricular hemorrhage, neonatal infections, prolonged 
requirement for mechanical ventilation, need for extracorporeal 
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FIGURE 24.2 Developmental surveillance and screening algorithm within a pediatric preventive care visit. 
Numbers refer to steps in the algorithm. (From Council on Children with Disabilities, et al. Identifying infants 
and young children with developmental disorders in the medical home: an algorithm for developmental 


surveillance and screening. Pediatrics. 2006;118:407.) 


membrane oxygenation (ECMO), the presence of complex cardiac 
anomalies, and necrotizing enterocolitis may be associated with 
increased risk of developmental disabilities (Table 24.10). Conversely, 
an infant who did not require care in a neonatal intensive care unit 
(NICU) or prolonged stay in the hospital following birth likely expe- 
rienced no significant perinatal developmental risk factors. When 
available, reviewing medical records from the neonatal period may 
be helpful in clarifying what actually transpired at the time of the 
infant’s birth. 

The social and economic circumstances of the family may reveal 
factors that place the infant at risk for developmental disabilities. The 
clinician should ask about the highest educational levels achieved by 
both parents, marital status or stability of the parents’ relationship, 
parental mental health concerns, history of “high-risk behaviors” 
(illicit drug use), housing status, and presence of a parental support 


system (close friends and extended family members) to help with care 
of the infant. 

The 1st weeks and months of life are a “transition period” for both 
the infant and the family. Children with developmental disabilities may 
begin to manifest symptoms in this period with difficulties nursing, 
excessive colic, poor weight gain, onset of seizures, or delayed achieve- 
ment of motor milestones. Review of prior growth records may help 
differentiate between a congenital or acquired disorder. A history of 
recurrent illness, family/social or environmental stress, trauma (espe- 
cially to the CNS), or epilepsy may be associated with poor develop- 
ment. True regression, the loss of previously acquired skills, should be 
distinguished from failure of development. Newly emerging skills may 
fluctuate until they are firmly established. In cases of true regression, 
multiple areas of functioning are affected and do not reemerge 
over time. 
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TABLE 24.9 Information to Obtain About a Child with Suspected Developmental Disabilities 


Item 
Parental Concerns 


Current Levels of Developmental Functioning 


Temperament 


Prenatal History 
Alcohol ingestion 


Illegal drug, toxin, medication exposure 
Radiation exposure 

Nutrition 

Prenatal care 

Injuries, hyperthermia 

Smoking 

HIV exposure 

Maternal PKU 

Maternal illness 


Perinatal History 
Gestational age, birthweight 


Labor and delivery 


Apgar scores 
specific perinatal adverse events; see Table 24.10 


Neonatal History 


Illness: seizures, respiratory distress, hyperbilirubinemia, 


metabolic disorder; see also Table 24.10. 
Malformations 


Family History 
Consanguinity 


Mental functioning 

Illnesses (e.g., metabolic disease) 

Family member died young or unexpectedly 
Family member requires special education 


Social History 
Resources available (e.g., financial, social support) 


Educational levels of parents 

Mental health problems 

High-risk behaviors (illicit drug use, sexual promiscuity) 
Other stressors (e.g., marital discord) 


Other History 
Sex of the child 


Developmental milestones 

Head injury 

Serious infections (e.g., meningitis) 

Toxic exposure [e.g., lead) 

Physical growth 

Recurrent otitis media 

Visual and auditory functioning 

Nutrition 

Chronic conditions such as renal or cyanotic cardiac 


Possible Significance 


Parents are quite accurate in identifying developmental problems 
Used to monitor child’s progress 
May interact with disability or be confused with developmental delay 


Fetal alcohol syndrome; an index of caretaking risk 

Developmental toxin (e.g., phenytoin); may be an index of caretaking risk 
Damage to the CNS 

Inadequate fetal nutrition 

Index of the social situation 

Damage to the CNS 

Possible CNS damage 

Congenital HIV infection 

Maternal PKU effect 

Toxoplasmosis, rubella, CMV, HIV, herpesvirus infections 


Biologic risk from prematurity and small for gestational age 
Hypoxia or index of abnormal prenatal development 


Hypoxia, cardiovascular impairment 
Increased risk for CNS damage 


Increased risk for CNS damage 


May represent syndrome associated with developmental delay 


Autosomal recessive condition more likely 

Increased hereditary and environmental risks 

Hereditary illness associated with developmental delay 
May suggest inborn errors of metabolism or storage disease 
Hereditary causes of developmental delay 


Necessary to maximize child's potential 

Family may need help to provide stimulation 

May exacerbate child's conditions 

Increased risk for congenital infection; index of caretaking risk 
May exacerbate child's conditions or compromise care 


Important for X-linked conditions 

Index of developmental delay, regression may indicate a progressive condition 

Even moderate trauma may be associated with developmental delay or learning disabilities 
May be associated with developmental delay 

May be associated with developmental delay 

May indicate malnutrition; obesity, growth failure caused by genetic disorder 

Associated with hearing loss and abnormal speech development 

Sensitive index of impairments in vision and hearing 

Malnutrition during infancy may lead to delayed development 

May be associated with delayed development 


CMV, cytomegalovirus; CNS, central nervous system; HIV, human immunodeficiency virus; PKU, phenylketonuria. 


TABLE 24.10 Findings that May Be Used 
to Identify Neonates at Increased Risk for 
Developmental Delay 


Item 

Apgar scores 
Abnormal EEG 
Neonatal seizures 


Intracranial 
Hydrocephalus 


Central nervous system 


Prematurity 
Small for gestational age 


Dysmorphic 
Chromosomal 
Ventilation required 
small head 
Meningitis/encephalitis 


Comment 
<3 at 5 min or <5 at 10 min, and HIE 


Hypoglycemia, hypoxia, intracranial 
hemorrhage, or infection confer high risk 


Grade Ill or higher; PVL hemorrhage 


Especially with other anomalies, thin cortical 
mantle, or parenchymal lesions 


seen on CT scan or ultrasonography system 
anomalies 


<32 wk 


<3rd percentile (intrauterine growth age 
retardation) 


3 or more minor or 1 or more major features 
Trisomies, fragile X, XO anomaly 

Longer than 2 wk 

<3rd percentile circumference 

Bacterial (group B streptococci, Escherichia 


CHAPTER 24 Intellectual and Developmental Disability 


coli) 
Viral (herpes simplex) 
Hypoglycemia symptomatic 
Congenital infection Cytomegalovirus, toxoplasmosis, syphilis, 


rubella, herpes simplex, varicella-zoster, HIV 
Hyperbilirubinemia Requiring exchange transfusions 


Associated medical 
problems 


Such as retinopathy of prematurity, heart 
disease, bronchopulmonary dysplasia, 
necrotizing enterocolitis 


EEG, electroencephalography; HIE, hypoxic-ischemic encephalopathy; 
PVL, periventricular leukomalacia. 


Ages of achievement of common milestones in motor, language, 
cognitive, and social development should be reviewed. Parents of 
infants and toddlers may have more accurate recollections of their 
child’s milestones than parents of older children. In some cases, parents 
may recall comparing their child’s milestones to another child’s 
(sibling, relative, neighbor), or may only recall their child’s “major” 
milestones, such as ages at which the child began walking indepen- 
dently, waving “bye-bye,” using 1st words, or talking in sentences. 

A 3-generation family pedigree should be reviewed to identify other 
individuals with conditions similar to the child’s, developmental/ 
learning disabilities, or early deaths. Consanguinity may increase the 
risk of a recessive disorder. A family’s ethnic ancestry may suggest 
potential etiology, since a number of conditions occur at increased 
frequency among certain ethnic groups (e.g., Tay-Sachs disease among 
Ashkenazi Jews). 

Social and environmental factors such as parental physical or 
mental illness (including substance abuse), death of a close family 
member, divorce, domestic abuse, parental incarceration, multiple 
changes of dwelling, placement in foster care, or having a sibling with 
a serious chronic illness may have significant adverse effects on a child’s 
development. 

It is important to know whether the child has received any type of 
educational or therapeutic interventions and the impact those pro- 
grams have had on his or her behavior and development. 


For young children, a description of their play interests, self-help 
skills, and social interactions with parents, peers, and caretakers/ 
teachers may provide valuable information about the child’s level of 
overall development. A review of common activities of daily living 
(ADL), including dressing, eating, toileting, and motor skills, often 
provides insight about the integrity of the child’s cognitive, communi- 
cation, and neuromotor development. School experiences, academic 
readiness skills, educational achievement, and behavior patterns at 
home and school often reflect the cognitive and language development 
of school-age children and adolescents. 


Physical Examination 


The physical examination should begin with observations of the 
general appearance of the child, including overall state of health, visual 
and auditory responsiveness to the surroundings, and interactions 
with parents. When the child is at rest, subtle abnormalities of body 
proportions and movement patterns may be observed. Careful atten- 
tion should also be paid to physical measurements (length/height, 
weight, and head circumference) with values plotted on standard refer- 
ence curves. Both poor growth and excessive growth may be associated 
with metabolic disorders or genetic syndromes. Head circumference 
measurements may be abnormal (greater or less than 2 standard devia- 
tions [SD] from the mean) or disproportionate for body size (head 
circumference should correlate with length/height of the child). 
Although large or small head size may be associated with significant 
pathology, a benign form of familial micro- and macrocephaly may be 
ruled out if 1 or both parents share the same trait. Dysmorphic fea- 
tures may suggest a recognizable pattern of deformation or malforma- 
tion (Table 24.11) (see Chapter 25). If the child has an unusual 
appearance, biologic family members should be examined either 
directly or from photographs to determine any resemblance. Addition- 
ally, examining serial photographs of a child at different ages can help 
to identify “coarsening” of facial features due to a storage disease 
(mucopolysaccharidosis). Abnormalities of skin pigmentation may 
suggest the presence of a neurocutaneous disorder (phakomatosis) 
associated with developmental disability (neurofibromatosis, tuberous 
sclerosis, Sturge-Weber syndrome) (see Chapter 30). A Wood’s lamp 
examination may be helpful if a depigmented lesion is identified (ash- 
leaf spots in tuberous sclerosis). Measurements of facial features, such 
as inner canthal distance, palpebral fissure length, auricular size and 
position, and development of the philtrum and upper lip, may be 
associated with structural anomalies of craniofacial development 
caused by genetic or teratogenic exposure (fetal alcohol syndrome). 
The oral structures should be examined for the presence of cleft 
palate (velocardiofacial syndrome, Stickler syndrome), macroglossia 
(Beckwith-Wiedemann syndrome), or recessed jaw (Pierre-Robin 
sequence). Anomalies of the neck may indicate vertebral abnormalities 
(Klippel-Feil syndrome) or genetic disorders (Turner syndrome, 
Noonan syndrome, Down syndrome). Cardiac anomalies are associ- 
ated with a large number of syndromes. The abdominal exam may 
reveal evidence of an enlarged liver (associated with glycogen storage 
diseases, sphingolipidoses, or mucopolysaccharidoses). Examination 
of the back should include the “forward bend test” for scoliosis, and 
the presence of dimpling or a hirsute area in the lower spine that could 
represent an occult form of spinal dysraphism (tethered cord or other 
spinal cord anomaly). Anomalies of the extremities (limb proportions, 
hands, feet, and nails) are associated with a wide range of birth defects 
and syndromes. The presence of multiple malformations may be an 
important key to identifying a specific developmental disorder or syn- 
drome. Although minor physical anomalies may be associated with 
developmental delay, most children with minor anomalies develop 
normally (Table 24.12). 


TABLE 24.11 


Item 
General appearance 


Stature 
Short stature 


Obesity 
Large stature 


Head 
Macrocephaly 


Microcephaly 


Face 

Coarse, triangular, round, 
or flat face; 
hypotelorism or 
hypertelorism, slanted 
or short palpebral 
fissure; unusual nose, 
maxilla, and mandible 


Eyes 
Prominent 


Cataract 


Cherry-red spot in macula 


Chorioretinitis 


Corneal cloudiness 


Ears 
Low-set or malformed 
pinnae 


Hearing 


Heart 
structural anomaly or 
hypertrophy 


Possible Significance 


May indicate significant delay in development or 
obvious syndrome 


Malnutrition, many genetic syndromes are 
associated with short stature (e.g., Turner and 
Noonan syndromes) 


Prader-Willi syndrome 
Sotos syndrome 


Alexander syndrome, Canavan disease, Sotos 
syndrome, gangliosidosis, hydrocephalus, 
mucopolysaccharidosis, subdural effusion 


Virtually any condition that can restrict brain 
growth (e.g., malnutrition, Angelman 
syndrome, de Lange syndrome, fetal 
alcohol effects) 


Specific measurements may provide clues to 
inherited, metabolic, or other diseases such as 
fetal alcohol syndrome, cri du chat (5p—) 
syndrome, or Williams syndrome 


Crouzon syndrome, Seckel syndrome, fragile X 
syndrome 

Galactosemia, Lowe syndrome, prenatal rubella, 
hypothyroidism 


Gangliosidosis (GM,), metachromatic 
leukodystrophy, mucolipidosis, Tay-Sachs 
disease, Niemann-Pick disease, Farber 
lipogranulomatosis, sialidosis type III 


Congenital infection with cytomegalovirus, 
toxoplasmosis, or rubella 


Mucopolysaccharidosis types | and Il, Lowe 
syndrome, congenital syphilis 


Trisomies such as Down syndrome, 
Rubinstein-Taybi syndrome, CHARGE 
syndrome, cerebrooculofacioskeletal 
syndrome, fetal phenytoin effects 


Loss of acuity in mucopolysaccharidosis; 
hyperacusis in many encephalopathies 


CHARGE syndrome, velocardiofacial syndrome, 
glycogenosis type Il, fetal alcohol effects, 
mucopolysaccharidosis type |; chromosomal 
anomalies such as Down syndrome; maternal 
PKU; chronic cyanosis may impair cognitive 
development 


Item 


Liver 
Hepatomegaly 


Genitalia 
Macro-orchidism 


Hypogenitalism 


Extremities 

Hands, feet, 
dermatoglyphics, and 
creases 

Joint contractures 


Skin 
Café-au-lait spots 


Seborrheic or eczematoid 
rash 


Hemangiomas and 
telangiectasia 


Hypopigmented macules, 
streaks, adenoma 
sebaceum 


Hair 
Hirsutism 


Neurologic 
Asymmetry of strength 
and tone 


Hypotonia 


Hypertonia 


Ataxia 


Physical Examination of a Child with Suspected Developmental Disabilities 


Possible Significance 


Fructose intolerance, galactosemia, glycogenosis 
types I-IV, mucopolysaccharidosis types | and 
II, Niemann-Pick disease, Tay-Sachs disease, 
Zellweger syndrome, Gaucher disease, ceroid 
lipofuscinosis, gangliosidosis 


Fragile X syndrome 


Prader-Willi syndrome, Klinefelter syndrome, 
CHARGE syndrome 


May indicate a specific entity such as 
Rubinstein-Taybi syndrome or be associated 
with chromosomal anomaly 

Signs of muscle imbalance around the joints; 
e.g., with meningomyelocele, cerebral palsy, 
arthrogryposis, muscular dystrophy; also occurs 
with cartilaginous problems such as 
mucopolysaccharidosis 


Neurofibromatosis 

Tuberous sclerosis 

Chromosomal aneuploidy 
McCune-Albright syndrome 

Fanconi anemia 

Silver-Russell syndrome 

Ataxia telangiectasia 

Bloom syndrome 

Basal cell nevus syndrome 

Gaucher disease 

Chediak-Higashi syndrome 

Hunter syndrome 

Multiple endocrine neoplasia type 2b 
Bannayan-Riley-Ruvalcaba syndrome 
Maffucci syndrome 


Phenylketonuria, histiocytosis 


Sturge-Weber syndrome, Bloom syndrome, 
ataxia-telangiectasia 


Tuberous sclerosis, hypomelanosis of Ito 


de Lange syndrome, mucopolysaccharidosis, fetal 
phenytoin effects, cerebrooculofacioskeletal 
syndrome, trisomy 18 


Focal lesion, hemiplegic cerebral palsy 


Prader-Willi syndrome, Down syndrome, Angelman 
syndrome, gangliosidosis, early cerebral palsy, 
muscle disorders (dystrophy or myopathy) 


Neurodegenerative conditions involving white 
matter, cerebral palsy, trisomy 18 

Ataxia-telangiectasia, metachromatic 
leukodystrophy, Angelman syndrome 


CHARGE, coloboma, heart defects, atresia choanae, retarded growth, genital anomalies, ear anomalies (deafness); CATCH-22, cardiac defects, 
abnormal face, thymic hypoplasia, cleft palate, hypocalcemia—defects on chromosome 22; PKU, phenylketonuria. 
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TABLE 24.12 Examples of Minor Anomalies and Associated Syndromes 


Head Flat occiput: Down syndrome, Zellweger syndrome; prominent occiput: trisomy 18 
Delayed closure of sutures: hypothyroidism, hydrocephalus 
Craniosynostosis: Crouzon syndrome, Pfeiffer syndrome 
Delayed fontanel closure: hypothyroidism, Down syndrome, hydrocephalus, skeletal dysplasias 


Face Midface hypoplasia: fetal alcohol syndrome, Down syndrome 
Triangular facies: Russell-Silver syndrome, Turner syndrome 
Coarse facies: mucopolysaccharidoses, Sotos syndrome 
Prominent nose and chin: fragile X syndrome 
Flat facies: Apert syndrome, Stickler syndrome 
Round facies: Prader-Willi syndrome 


Eyes Hypertelorism: fetal hydantoin syndrome, Waardenburg syndrome 
Hypotelorism: holoprosencephaly sequence, maternal phenylketonuria effect 
Inner canthal folds/Brushfield spots: Down syndrome; slanted palpebral fissures: trisomies 
Prominent eyes: Apert syndrome, Beckwith-Wiedemann syndrome 
Lisch nodules: neurofibromatosis 
Blue sclera: osteogenesis imperfecta, Turner syndrome, hereditary connective tissue disorders 


Ears Large pinnae/simple helices: fragile X syndrome 
Malformed pinnae/atretic canal: Treacher Collins syndrome, CHARGE syndrome 
Low-set ears: Treacher Collins syndrome, trisomies, multiple disorders 


Nose Anteverted nares/synophrys: de Lange syndrome; broad nasal bridge: fetal drug effects, fragile X syndrome 
Low nasal bridge: achondroplasia, Down syndrome 
Prominent nose: Coffin-Lowry syndrome, Smith-Lemli-Opitz syndrome 


Mouth Long philtrum/thin vermilion border: fetal alcohol effects 
Cleft lip and palate: isolated or part of a syndrome 
Micrognathia: Pierre-Robin sequence, trisomies, Stickler syndrome 
Macroglossia: hypothyroidism, Beckwith-Wiedemann syndrome 


Teeth Anodontia: ectodermal dysplasia 
Notched incisors: congenital syphilis 
Late dental eruption: Hunter syndrome, hypothyroidism 
Talon cusps: Rubinstein-Taybi syndrome 
Wide-spaced teeth: de Lange syndrome, Angelman syndrome 


Hair Hirsutism: Hurler syndrome 
Low hairline: Klippel-Feil sequence, Turner syndrome 
Sparse hair: Menkes disease, argininosuccinic acidemia 
Abnormal hair whorls/posterior whorl: chromosomal aneuploidy (e.g., Down syndrome) 
Abnormal eyebrow patterning: Cornelia de Lange syndrome 


Neck Webbed neck/low posterior hairline: Turner syndrome, Noonan syndrome 
Chest Shield-shaped chest: Turner syndrome 
Genitalia Macro-orchidism: fragile X syndrome 


Hypogonadism: Prader-Willi syndrome 


Extremities Short limbs: achondroplasia, rhizomelic chondrodysplasia 
small hands: Prader-Willi syndrome 
Clinodactyly: trisomies, including Down syndrome 
Polydactyly: trisomy 13, cillopathies 
Broad thumb: Rubinstein-Taybi syndrome 
syndactyly: de Lange syndrome 
Transverse palmar crease: Down syndrome 
Joint laxity: Down syndrome, fragile X syndrome, Ehlers-Danlos syndrome 
Phocomelia: de Lange syndrome 


spine Sacral dimple/hairy patch: spina bifida 


Skin Hypopigmented macules/adenoma sebaceum: tuberous sclerosis 
Café-au-lait spots and neurofibromas: neurofibromatosis 
Linear depigmented nevi: hypomelanosis of Ito 
Facial port-wine hemangioma: Sturge-Weber syndrome 
Nail hypoplasia or dysplasia: fetal alcohol syndrome, trisomies 


* Increased incidence of minor anomalies have been reported in cerebral palsy, intellectual disability, learning disabilities, and autism. 

'The presence of 3 or more minor anomalies implies a greater chance that the child has a major anomaly and a diagnosis of a specific syndrome. 
CHARGE, coloboma, heart defects, atresia choanae, retarded growth, genital anomalies, ear anomalies (deafness). 

Modified from Levy SE, Hyman SL. Pediatric assessment of the child with developmental delay. Pediatr Clin North Am. 1993;40:465-477. 


The neuromotor examination should include observation of muscle 
bulk and presence or absence of muscle atrophy associated with myop- 
athy. The assessment of cranial nerves includes evaluation for visual 
responsiveness, pupillary reactivity, presence of red reflexes, fullness 
of eye movements, and evidence of strabismus. Ptosis, asymmetry of 
facial expression, or abnormal tongue movement (deviation or fascicu- 
lation) suggests muscle weakness or partial paralysis. Muscle strength 
may be assessed by observing the child move about and manipulate 
objects. In the Ist year of life, motor milestones include the ability 
to sit independently, crawl, cruise, and walk. By 18 months, children 
should be able to squat and recover. The Gowers maneuver is helpful 
in assessing strength of the quadriceps muscles. Decreased muscle tone 
may be reflected in poor posture or hypermobile joints. Decreased 
stretch reflex responsiveness may be due to lower motor neuron disease 
or myopathy. In infants, the persistence of primitive reflexes or the 
absence of protective postural reflexes is suggestive of neuromotor dys- 
function. In older children, the presence of increased stretch reflexes, 
clonus, and positive Babinski reflexes are signs of upper motor neuron 
dysfunction associated with spasticity. Normal gait requires intact and 
coordinated motor and sensory ability. Unsteady gait or tremor may 
be a sign of muscle weakness or abnormal cerebellar function or basal 
ganglia disease. Asymmetry of gait may reflect hemiplegia. Observing 
the child reaching for objects, extending the arms outstretched, or 
performing the finger-to-nose test may reveal tremors or difficulty 
with eye-hand coordination. 


Neurodevelopmental Examination 


Many pediatricians and developmental specialists incorporate a number 
of “informal” age-appropriate tasks into their evaluation that provide 
an opportunity to examine the child’s development and behavior. This 
part of the examination may take 10-15 minutes. Parents should always 
be present while examining preschool children to provide comfort and 
reassurance. Older children (6 years and above) may respond better 
without their parents present for this part of the examination. It is 
important to recognize that a child’s responses on “informal mea- 
sures’ in the context of a pediatric developmental assessment are not 
an adequate substitute for formal psychologic and communication 
evaluations. However, the clinician may observe how the child interacts 
with the examiner and parents, the child’s ability to understand and 
communicate with the examiner and with the parents, and make some 
observations of the child’s attention span, persistence with tasks, and 
frustration tolerance. 


FORMAL NEURODEVELOPMENTAL ASSESSMENTS 
Psychologic Evaluation 


Evaluation by a child psychologist can provide an assessment of a 
child’s strengths and weaknesses across a broad range of cognitive 
areas. For infants and young children, global measures of develop- 
ment are the most valuable, since the structure of intelligence develops 
from relatively “general” and homogeneous ability to more complex 
and differentiated functions over time. Few tasks on measures used 
for preschool children reflect “pure” abilities in any particular skill. 
Rather, tasks for infants reflect the child’s ability to utilize a combina- 
tion of cognitive, language, and motor skills to respond. However, 
tests vary in their ability to separate these component functions. The 
Bayley Scales of Infant and Toddler Development-3rd Edition (Bayley 
III) is a widely used tool for assessing children 0-42 months of age. 
There are several normed measures of verbal and nonverbal abili- 
ties that can be used with children older than 2 years of age. Many 
factors can contribute to the child’s performance. Observing how the 
child responds to a task can be as informative as the accuracy of the 
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response. It is generally recognized that intelligence testing prior to 
age 6 years is not highly predictive of test results at older ages, but the 
evaluation provides a measure of the child’s abilities at that point in 
time. In addition, a psychologist is able to observe the child’s behav- 
ior, attention span, organizational skills, persistence, and frustration 
tolerance during the evaluation. These informal observations may 
help to determine the presence or absence of emotional or behavioral 
problems that stem from, or coexist with, the child’s developmental 
disabilities. 

Results of psychologic tests are not indicative of specific etiolo- 
gies (genetic or acquired biologic conditions) and cannot determine 
whether a child has suffered a “brain injury,’ even in the context of 
a potentially traumatic event. Serial cognitive measures, particu- 
larly when there is premorbid information that has changed over 
time, may suggest the effects of trauma or a progressive disease 
process. 


Speech-Language and Oral Motor Evaluation 


The ability to understand and communicate with others has a very 
strong influence on a child’s emotional, behavioral, and social func- 
tioning. Communication abilities may or may not reflect the child’s 
intellectual ability. A speech-language pathologist can evaluate a wide 
range of communication and oral motor skills in children. For example, 
even prior to the use of words, infants display “preverbal” communica- 
tion abilities (gestures), and may recognize a number of spoken words. 
Older children may suffer from delays in understanding of language 
(language disorders) or from disorders of speech sound production 
(apraxia, dysarthria). Many children with neurologic disabilities have 
oral motor coordination disorders (dysphagia) that interfere with 
chewing and swallowing and place them at risk for poor weight gain 
and/or pulmonary aspiration. Drooling management is also a problem 
for many children with oral motor coordination delays. While it is 
more common for receptive language ability to exceed expressive lan- 
guage ability, children with Williams syndrome and with spina bifida/ 
hydrocephalus may display conversational skills that exceed their cog- 
nitive deficits (“cocktail conversation”). In both conditions, “basic” 
language abilities (vocabulary and grammar) are relatively well devel- 
oped, while “higher-level” language functions (semantic knowledge 
and pragmatic aspects of communication) are deficient. 


DIAGNOSTIC STRATEGY 


Once a comprehensive profile of the child’s strengths and weaknesses 
has been identified through neurodevelopmental, psychologic, and 
speech-language evaluations, the next step is to establish a develop- 
mental diagnosis. 

Cognitive, language, and motor abilities typically develop in a coor- 
dinated fashion. Discrepancies in development between different areas 
of function may point to a specific area of concern or suggest possible 
clinical diagnoses (‘Table 24.13). Many disabilities can be identified by 
their characteristic pattern of development over time (e.g., hypotonia/ 
hyperphagia in Prader-Willi syndrome, regression/microcephaly/ 
hand-wringing behavior in Rett syndrome). In general, motor mile- 
stones do not correlate well with intellectual ability, since most chil- 
dren with ID walk at a normal age. Language abilities, when well 
developed, are usually an excellent indicator of intellectual function. 
Problem-solving skills (referred to as “adaptive” or “visual-motor” 
skills) often correlate with nonverbal cognitive abilities. Finally, psy- 
chosocial milestones often reflect language ability. A child with delays 
in all areas likely has a cognitive deficit, while a child whose commu- 
nication skills are at variance with nonverbal cognitive abilities likely 
has a language disorder. 
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TABLE 24.13 Differential Diagnosis of Atypical Patterns of Development 


Intellectual 
Disability 
Delayed 


Developmental 
Language Disorder 


Cognitive ability Normal/delayed 


Language ability Delayed Disordered 


Social ability Normal Normal 


Family history Negative opeech/language 


Autism 
Spectrum 
Disorder 


Specific 
Language 
Impairment 


Social Pragmatic 
Communication 
Disorder 


Normal Normal/delayed Normal 


Disordered Disordered Normal 


Normal Abnormal Abnormal 


Speech/language Affective disorder Social deficits 


Modified from Simms MD, Schum RL. Preschool children who have atypical patterns of development. Pediatr Rev. 2000;21:147-158. 


TABLE 24.14 Select “Extrinsic” 
Conditions Associated with 
Developmental Regression 


Neoplasms and their therapy 

Leukemia 

Tumors 

Histiocytosis 

Increased intracranial pressure 

Hydrocephalus, including ventricular shunt malfunctions 
Subdural hematoma or effusion 

Infections 

Encephalitis, including HIV infection 

Meningitis 

Endocrine disorders 

Hypothyroidism 

Adrenocortical insufficiency 

Collagen vascular disease (e.g., systemic lupus erythematosus) 


Delays isolated to a single, specific area such as expressive language 
are more likely to be transient than are generalized delays. If the child’s 
development has deteriorated (regressed), a progressive encephalopa- 
thy may be present. Progressive disorders may be the result of meta- 
bolic or storage diseases, or due to a genetic syndrome (Rett syndrome). 
In contrast, static encephalopathies are usually the result of structural 
abnormalities due to abnormal development or trauma (Tables 24.14 
and 24.15). 

More than 300 neurodegenerative disorders have been described; 
additional classification based on progression and age is noted in 
Table 24.16 and in Figs. 24.3 and 24.4. Neurodegenerative disorders 
are often categorized as involving white matter, gray matter, basal 
ganglia, or the entire CNS. White matter diseases (e.g., adrenoleuko- 
dystrophy) affect long tracts and manifest with loss of motor skills, 
spasticity, disturbed gait, areflexia (if peripheral nerve also involved), 
or ataxia, whereas gray matter diseases (e.g., ceroid lipofuscinoses) 
manifest with seizures and abnormalities of cognition, vision, and 
hearing. Many disorders classified as “white matter” or “gray matter” 
manifest with a mixed picture of signs and symptoms. Diseases that 
involve primarily the basal ganglia, such as Huntington disease, man- 
ifest with mental deterioration, behavioral changes, rigidity, ataxia, 
dysarthria, seizures, and incoordination. As these diseases progress, 
neurologic signs and symptoms become more widespread and less 
specific. 

To date, approximately 450 genes have been implicated in GDD/ID. 
Of these, 400 are associated with “syndromic” GDD/ID (i.e., cases in 
which abnormalities are identified on examination such as micro- or 
macrocephaly, dysmorphic features, congenital anomalies, abnormal 


neurologic examination, seizures, structural brain abnormalities, 
sensory deficits [vision or hearing], or autism). Approximately 50 
genes have been associated with “nonsyndromic” GDD/ID. 

A distinction should be made between a clinical diagnosis that is 
based on descriptions and measurements of various functional abilities 
and an etiologic diagnosis that attributes the problem(s) to a specific 
cause. For most developmental disabilities, a specific etiology cannot 
be established with absolute certainty. For example, clinical diagnoses 
such as cerebral palsy or ID can result from multiple etiologies, and 
conversely, the same etiology can manifest in a variety of ways. As 
medical diagnostic technologies have improved, the number of indi- 
viduals for whom an etiologic diagnosis can be established has 
increased. Even when a specific etiologic diagnosis cannot be deter- 
mined, an accurate clinical diagnosis is often helpful in designing 
treatment recommendations, since most treatments are based on an 
educational-developmental model and are successful for a range of 
underlying biomedical causes. 

Although most parents will pursue further evaluations when they 
are concerned about their child’s development, not all are willing or 
able to have their child undergo medical diagnostic testing procedures 
when he or she is very young. Instead, parents typically want to know 
what they can do to help their child “catch up” with his or her peers. 
This concept is often reinforced by referring to the problem as a devel- 
opmental “delay.” Unless there are signs of regression or failure to 
thrive that would make diagnostic testing urgent, “watchful waiting” 
while the child enters a program of interventions is a very reasonable 
strategy. If, despite these measures, the developmental concerns persist, 
families may be more willing to obtain further diagnostic testing. It is 
often helpful to share with parents that the probability of establishing 
a medical diagnosis with current technology is only 20-25%, unless 
specific syndromes or disorders are suspected from the history and 
physical examination. Further, in most situations, a specific diagnosis 
may not result in a cure for the basic disorder. However, if a specific 
etiology can be established, it may result in effective treatments and 
preventive measures, even when a cure for the underlying condition is 
not possible. For example, medical treatment for the circadian rhythm 
dysfunction associated with Smith-Magenis syndrome can be very suc- 
cessful in improving sleep patterns and daytime behaviors. In addition, 
children can be monitored on an expectant basis for complications that 
occur frequently with specific disorders (Wilms tumor in Beckwith- 
Wiedemann syndrome). 


LABORATORY TESTING 


With the rapid advances in diagnostic testing technologies over the 
past decade, evaluation strategies have undergone considerable scru- 
tiny to determine the most effective approach to determining an 
etiologic diagnosis for individuals with GDD/ID. In general, when 
a specific diagnosis is suspected based on the history and physical 
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TABLE 24.15 Select “Intrinsic” Conditions Associated with Developmental Regression 


Age at Onset (yr) 
<2, with hepatomegaly 
(see Chapter 14) 


<2, without hepatomegaly 


2S 


Conditions 
Fructose intolerance 


Galactosemia 


Glycogenosis (glycogen storage disease) 


types I-IV 
Mucopolysaccharidosis types | and ll 
Niemann-Pick disease, infantile type 
Tay-Sachs disease 


Zellweger (cerebrohepatorenal) syndrome 


Gaucher disease type II 
Carbohydrate-deficient glycoprotein 
syndromes 


Krabbe disease 
Rett syndrome 


Maple syrup urine disease 

Phenylketonuria 

Menkes kinky hair disease 

Subacute necrotizing encephalopathy 
of Leigh 

Cerebrooculofacioskeletal syndrome 
(of Pena and Shokeir) 

Canavan disease 

Pelizaeus-Merzbacher disease 


Niemann-Pick disease types Ill and IV 
Wilson disease 

Gangliosidosis type Il 

Ceroid lipofuscinosis 


Mitochondrial encephalopathies (e.g., myoclonic 
epilepsy with ragged red fibers [MERRF]) 


Ataxia-telangiectasia 
Huntington disease (chorea) 
Hallervorden-Spatz syndrome 
Metachromatic leukodystrophy 
Adrenoleukodystrophy 


Adrenoleukodystrophy 

Multiple sclerosis 

Neuronal ceroid lipofuscinosis, juvenile 
and adult (Spielmeyer-Vogt and Kufs 
disease) 

schilder disease 

Refsum disease 

Sialidosis type II, juvenile form 

Subacute sclerosing panencephalitis 


Comments 


Vomiting, hypoglycemia, poor feeding, failure to thrive (when given fructose) 


Lethargy, hypotonia, icterus, cataract, hypoglycemia (when given lactose) 
Hypoglycemia, cardiomegaly (type I!) 


Coarse facies, stiff joints 

Gray matter disease, failure to thrive 

Seizures, cherry-red macula, edema, coarse facies 
Hypotonia, high forehead, flat facies 

Extensor posturing, irritability 

Dysmyelination, cerebellar hypoplasia 


Irritability, extensor posturing, optic atrophy, and blindness 

Girls with deceleration of head growth, loss of hand skills, hand wringing, 
impaired language skills, gait apraxia 

Poor feeding, tremors, myoclonus, opisthotonos 

Light pigmentation, eczema, seizures 

Hypertonia, irritability, seizures, abnormal hair 

White matter disease 


Reduced white matter, failure to thrive 


White matter disease 
White matter disease 


Hepatosplenomegaly. gait difficulty 

Liver disease, Kayser-Fleischer ring; deterioration of cognition is late 
Gray matter disease 

Gray matter disease 

Gray matter disease 


Basal ganglia disease 

Basal ganglia disease 

Basal ganglia disease 

White matter disease 

White matter disease, behavior problems, deteriorating school performance, 
quadriparesis 

Same as for adrenoleukodystrophy in 2-5-yr-olds 

White matter disease 

Gray matter disease 


White matter disease, focal neurologic symptoms 

Peripheral neuropathy, ataxia, retinitis pigmentosa 

Cherry-red macula, myoclonus, ataxia, coarse facies 

Diffuse encephalopathy, myoclonus; may occur years after measles 
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TABLE 24.16 Causes of Developmental Regression 


Onset Before Age 2 Years 


Acquired Immune Deficiency Syndrome 


Encephalopathy* 

Autism Spectrum Disorder 

Disorders of Amino Acid Metabolism 
Guanidinoacetate methyltransferase deficiency 
Homocystinuria (21q22)* 


Maple syrup urine disease (Intermediate and thiamine response forms)“ 


Phenylketonuria 
Guanidinoacetate methyltransferase deficiency” 


Disorders of Lysosomal Enzymes 
Ganglioside storage disorders 
e GM, gangliosidosis 
e GM, gangliosidosis (Tay-Sachs disease, Sandhoff disease) 
Gaucher disease type II (glucosylceramide lipidosis)* 
Globoid cell leukodystrophy (Krabbe disease) 
Glycoprotein degradation disorders 
l-cell disease 
e Mucopolysaccharidoses* 
e Type | (Hurler syndrome)* 
e Type Ill (Sanfilippo disease) 
Niemann-Pick disease type A (sphingomyelin lipidosis) 
sulfatase deficiency disorders 
e Metachromatic leukodystrophy (sulfatide lipidoses) 
e Multiple sulfatase deficiency 


Carbohydrate-Deficient Glycoprotein Syndromes 
Hypothyroidism* 
Mitochondrial Disorders 
Alexander disease 
Mitochondrial myopathy, encephalopathy, lactic acidosis, stroke 
Progressive infantile poliodystrophy (Alpers disease) 
Subacute necrotizing encephalomyelopathy (Leigh disease) 
Trichopoliodystrophy (Menkes disease) 


Neurocutaneous Syndromes 
Chediak-Higashi syndrome 
Neurofibromatosis* 

Tuberous sclerosis 


Other Disorders of Gray Matter 
Infantile ceroid lipofuscinosis (Santavuori-Haltia disease) 
Infantile neuroaxonal dystrophy 
Lesch-Nyhan disease* 
Progressive neuronal degeneration with liver disease 
Rett syndrome 


Other Disorders of White Matter 
Aspartoacylase deficiency (Canavan disease) 
Galactosemia: transferase deficiency” 
Neonatal adrenoleukodystrophy 
Pelizaeus-Merzbacher disease 
Progressive cavitating leukoencephalopathy 


Progressive Hydrocephalus* 


Onset After Age 2 Years 


Disorders of Lysosomal Enzymes 


Gaucher disease type III (glucosylceramide lipidosis) 

Globoid cell leukodystrophy (late-onset Krabbe disease) 
Glycoprotein degradation disorders 

Aspartylglycosaminuria 

Mannosidosis type II 

GM, gangliosidosis (juvenile Tay-Sachs disease) 
Metachromatic leukodystrophy (late-onset sulfatide lipidoses) 
Mucopolysaccharidoses types II and VII 

Niemann-Pick type C (sphingomyelin lipidosis) 


Infectious Disease 
AIDS encephalopathy* 
Congenital syphilis* 
Subacute sclerosing panencephalitis 


Other Disorders of Gray Matter 

Ceroid lipofuscinosis 

e Juvenile 

e Late infantile (Bielschowsky-Jansky disease) 
Huntington disease 
Mitochondrial disorders 

e Late-onset poliodystrophy 

e Myoclonic epilepsy and ragged-red fibers 
Progressive neuronal degeneration with liver disease 
Xeroderma pigmentosum 


Other Disorders of White Matter 
Adrenoleukodystrophy 
Alexander disease 
Cerebrotendinous xanthomatosis 
Progressive cavitating leukoencephalopathy 
Epileptic aphasia 
e Landau-Kleffner syndrome 


*The most common conditions and the ones with disease modifying treatments. 


Modified from Pina-Garza JE. Fenichel’s Clinical Pediatric Neurology: A Signs and Symptoms Approach. 7th ed. Philadelphia: Saunders; 2013. 


Clinical Signs and Symptoms 


A. Known perinatal risk 
factors 


B. Dysmorphic features 


C. Abnormal neurologic 
examination 


D. Absence of known risk 
factors; normal neurologic 
examination; nondysmorphic 
“nonspecific global 
developmental delay” 


Normal 


Refer for further genetic 
evaluation 


First Tier Tests to Consider 
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Diagnoses 


1. Antenatal diseases 


s ee (malformations/fetal infections) 
Si 2. Perinatal diseases 


= 


. Chromosome anomaly 
2. Birth defect syndrome 
3. Metabolic disorder 


Microarray 
Radiologic and/or 
metabolic tests* 


Mi 1. CNS malformation 
oe 2. Chromosome anomaly 


Brain MRI son 
Metabolic testst 3. Metabolic disorder 


=. 


. Chromosome anomaly 


Microarray 2. CNS malformation 


Fragile X 
Brain MRI 


Results 


Refer for expert consultation 
and genetic counseling and 
management 


FIGURE 24.3 Evaluation of infants with developmental delay without regression. *Mucopolysaccharide 
screening. ‘Urine organic acids; plasma amino acids; acylcarnitine profile. CNS, central nervous system; MRI, 


magnetic resonance imaging. 


examination, a “targeted” approach to confirm that condition (single- 
gene tests, specific metabolic studies, neuroimaging, etc.) is warranted 
(Tables 24.17 and 24.18). If no clinical diagnosis is suspected, current 
guidelines for comprehensive evaluation recommend a “tiered 
approach.” 


Genetic Tests 


The 1st tier for all children with “nonspecific” GDD/ID should consist 
of genetic testing with chromosomal microarray (CMA) and Fragile X 
(Fra X) tests. If a specific diagnosis is not established from CMA/Fra 
X testing, referral for consultation with a geneticist should also be 
arranged. Next genome sequencing (NGS) technology has made avail- 
able broad screening panels within a group of phenotypes (e.g., 
X-Linked Intellectual Disability [XLID] panel), but improved bioin- 
formatics and accessibility to whole-exome sequencing (WES) are 
evolving into a new diagnostic era for children with disabilities. Diag- 
nosis in up to 30% of affected children with syndromic GDD/ID can 
be achieved with WES; a clear causative etiology in autism or isolated 
GDD/ID is most often not found (see Fig. 24.3). The diagnostic yield 
of CMA in unexplained ID is 15-20%. The technology will not detect 
balanced translocations if there is no loss or gain of chromosomal 
material. Copy number variations (CNV) may identify known genetic 
disorders, but also patterns that have not yet been associated with 


GDD/ID. In this case, it may be necessary to test both parents to deter- 
mine if the CNV was inherited or de novo. If the same CNV is found 
in an unaffected parent, it is more challenging to interpret the signifi- 
cance of the variant. There are numerous case reports of unaffected 
parent carriers and wide variability in phenotypic expression. If the 
variant is de novo in the child, it is more likely to be significant. 


Metabolic Tests 


Routine neonatal screening for metabolic disorders may identify 
infants with inborn errors of metabolism (IEM) that are associated 
with GDD. However, not all children with IEM are found shortly after 
birth, and normal results do not eliminate the possibility that one of 
the screened for IEM is present. As with genetic testing, “targeted” 
biochemical lab testing can be performed when a specific disease is 
considered (7-dehydrocholesterol for Smith-Lemli-Opitz syndrome, 
very-long-chain fatty acids for peroxisomal disorders, T,/TSH for 
hypothyroidism, creatinine kinase for Duchenne muscular dystrophy, 
mucopolysaccharides for lysosomal storage disorders such as Hunter 
or Hurler disease). In general, few metabolic conditions result in GDD/ 
ID in the absence of other neurologic symptoms (Table 24.19). To date, 
89 IEM have been identified that are amenable to treatment of the 
underlying defect and/or pathogenetic mechanism (Table 24.20). Of 
these, 54 (60%) can be identified by blood tests (plasma amino acids, 
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Progressive Dementia 
of Childhood 


Hepatomegaly 


No Yes 


MRI Mucopolysacchariduria 


demyelination 


MRI 
Biochemical studies 
Genetic evaluation 


< 


Yes No 
Oligosacchariduria — 
Adrenal Retinal NO Yes y 
failure degeneration 
es = r. A Oculomotor Glycoprotein 
apraxia disorder 
Adrenoleuko- Enzyme Elevated Lactic 
dystrophy analysis CSF IgG acidemia 
, Wilson Gaucher 
Juvenile Krabbe 
. I cells 
Juvenile sulfatide 
lipidosis 
Yes No Yes No 
Niemann-Pick Gaucher II 
Subacute Ceroid Mitochondrial Kayser- 
sclerosing lipofuscinosis disorder Fleischer 
panencephalitis ring 
measles 
| Yes No 
Wilson Huntington 


Heller syndrome 


FIGURE 24.4 Evaluation of children with progressive dementia. CSF, cerebrospinal fluid; IgG, immunoglobu- 
lin G; MRI, magnetic resonance imaging. (Modified from Fenichel GM. Clinical Pediatric Neurology: A Signs 
and Symptoms Approach. 2nd ed. Philadelphia: WB Saunders; 1993:138.) 


TABLE 24.17 Chromosomal Abnormalities in Which Developmental Delay Is a Major Feature 


Condition Incidence Comments 

Trisomy 21 1/700 Down syndrome 

Fragile X syndrome 1/800 Macro-orchidism, hyperactivity, autistic-like behavior 

47 XXY (Klinefelter syndrome) 1/1000 Small testes, problems in language skills 

47 XXX 1/1000 Girls with learning and language problems may have 48,XXXX 


45,X (Turner syndrome) 1/2000 Girls with short stature, broad neck, gonadal dysgenesis; 
visuospatial deficits common 


Prader-Willi syndrome (abnormality of contiguous genes on chromosome 15; 1/5000 Hypotonia in infancy, obesity, short stature, mild intellectual 
inherited from deletions of paternal chromosomes—monoparental disomy) disability 


Angelman syndrome (chromosome anomaly similar to that in Prader-Willi Unknown Ataxia, prognathism, absence of speech, severe intellectual 
syndrome; inherited from maternal deletion in chromosome 15— disability, inappropriate laughter 
monoparental disomy) 


Trisomy 18 1/8000 Multiple congenital anomalies, severe developmental delay 
Trisomy 13 1/20,000 Multiple congenital anomalies, severe developmental delay 


5p- (cri du chat syndrome) 1/100,000 High-pitched cry, small stature, speech and language delays 
4p- (Wolf-Hirschhorn syndrome) 1/100,000 Midline deficiencies, profound intellectual disability, seizures 
11p— (Wilms tumor, aniridia) 1/100,000 Ambiguous genitalia, aniridia, cataracts 


17p— (Miller-Dieker syndrome) 1/100,000 Lissencephaly, microcephaly, seizures, cryptorchidism 
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TABLE 24.18 Suggested Evaluation of the Child with Intellectual Disability/Global 
Developmental Delay 


Test 
In-depth history 


Physical examination 


Vision and hearing evaluation 


Gene microarray analysis 


Karyotype 


Fragile X screen 


X-linked candidate intellectual disability genes 


Exomic gene sequencing 
Neuroimaging 


Thyroid (T4, TSH) 
serum lead 
Metabolic testing 


Comments 

Includes pre-, peri-, and postnatal events (including seizures); developmental attainments; and 3-generation 
pedigree in family history 

Particular attention to minor or subtle abnormalities; neurologic examination for focality and skull 
abnormalities 

Behavioral phenotype 


Essential to detect and treat; can mask as developmental delay 


A 7.8% yield overall (10% in syndromic and 6.5% in nonsyndromic intellectual disability) 

Better resolution than karyotype. May identify up to twice as many abnormalities as karyotyping. Excellent 
in detecting de novo microdeletions or microduplications 

Yield: 4% in global developmental delay/intellectual disability 

Best for inversions and balanced insertions, reciprocal translocations, and polyploidy 

Combined yield, 2% 

Preselection on clinical grounds can increase yield to 7.6% 

May explain up to 10% of intellectual disability 

Yield may be as high as 42% if there is a definite family history and as high as 17% from a possibly linked 
kindred 

Detects inherited and de novo point mutations, especially in nonsyndromic severe intellectual disability 

MRI preferred. Positives increased by abnormalities of skull contour or microcephaly and macrocephaly, or 
focal neurologic examination. Overall, has a higher yield 

Identification of specific etiologies is rare. Most conditions that are found do not alter the treatment plan. 
Need to weigh risk of sedation against possible yield 

Near 0% in settings with a universal newborn screening program 

If there are identifiable risk factors for excessive environmental lead exposure 

Yield: 0.2-4.6% based on clinical indicators and tests performed 


Urine organic acids, plasma amino acids, ammonia, lactate, and a capillary blood gas. Focused testing based 
on clinical findings is warranted 

Tandem mass spectrometry newborn screening has allowed for identification of many disorders in the 
perinatal period and has decreased yield in older children. Other disorders have emerged; e.g., congenital 
disorders of glycosylation and disorders of creatine synthesis and transport 


MECP2 for Rett syndrome 
0.5% of males 


1.5% of females with severe intellectual disability 


EEG May be deferred in absence of history of seizures 


Repeated history and physical examination 
evaluation 


Can give time for maturation of physical and behavioral phenotype. New technology may be available for 


EEG, electroencephalogram; CGH, comparative genomic hybridization; MECP2, methyl CpG binding protein 2; T4, thyroxine; TSH, thyroid- 


stimulating hormone. 


Moditied from Michelson DJ, Shevell MI, Sherr EH, et al. Evidence report: Genetic and metabolic testing on children with global developmental 
delay: Report of the Quality Standards Subcommittee of The American Academy of Neurology and The Practice Committee of Child Neurology. 
Neurology. 2011;77:1629-1635; Curry CJ, Stevenson RE, Aughton D, et al. Evaluation of mental retardation: recommendations of a consensus 
conference: American College of Medical Genetics. Am J Med Genet. 1997;12:72:468-477; Shapiro BK, Batshaw ML. Mental retardation. In: 
Burg FD, Ingelfinger JR, Polin RA, et al, eds. Gellis and Kagan’s Current Pediatric Therapy. 18th ed. Philadelphia: Saunders; 2005, used with 
permission; and Shevell M, Ashwal S, Donley D, et al. Practice parameter: evaluation of the child with global developmental delay. Neurology. 


2003;60:367-380. 


homocysteine, copper, ceruloplasmin) and urine (creatine metabo- 
lites, glycosaminoglycans, oligosaccharides, organic acids, and pyrimi- 
dines). The remaining 35 (40%) are identified by specific tests and 
molecular analysis. A digital app (TIDE BC) is available free (http:// 
www.treatable-id.org) from the App Store, and provides an informa- 
tion portal about these diseases and their treatments. Although the 
yield from metabolic studies in “nonsyndromic” GDD/ID is relatively 
low (0.2-5%), IEM are amenable to treatment, so metabolic testing 
should be considered in all cases of unexplained GDD/ID. 


Neuroimaging 

Ultrasonography 

An ultrasound study of the head performed before the anterior fonta- 
nel closes can provide a general anatomic picture of the brain, includ- 
ing a view of the posterior fossa. This technique is insensitive to lesions 
involving the subdural space, and its success depends more on the skill 
of the interpreter than that of the other imaging studies. It does not 
expose the child to radiation, nor is sedation required in most instances. 
Its primary uses include identifying and monitoring intraventricular 


TABLE 24.19 Features Suggestive of 
Inherited Neurometabolic Disorders 


Encephalopathy 
Intellectual disability 
Developmental regression 
Cerebral palsy 
Spastic diplegia 
Spastic quadriplegia 
Depressed sensorium 
Lethargy 
Irritability 
Stupor 
Coma 
Dementia 
Hypotonia 
Seizures 
Myoclonus 
Infantile spasms 
Extrapyramidal symptoms 
Dystonia 
Opisthotonos 
Choreoathetosis 
Microcephaly 
Macrocephaly 
speech problems 


Systemic Features 
Urinary odor 


Intrauterine growth retardation 


Failure to thrive 
Poor sucking 
Vomiting repeatedly 
Weak cry 
Cardiomyopathy 
Hepatomegaly 
Fatty liver 
Fibrosis/cirrhosis 
Hepatosplenomegaly 
Renal Tubular Acidosis 
Susceptibility to Infections 
Bone Marrow Depression 
Neutropenia 
Thrombocytopenia 
Pancytopenia 
seborrhea 
Alopecia 
Abnormal Hair 
Pili torti 
Trichorrhexis nodosa 
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Eye-related problems 

Abnormal movements 

Apraxia 

Cherry-red spot 

Nystagmus 

Optic atrophy 

Tapetoretinal degeneration (hereditary) 


Modified from Chaves-Carballo E. Detection of inherited 
neurometabolic disorders. A practical clinical approach. Pediatr Clin 
North Am. 1992;39:801-820. 


hemorrhage and hydrocephalus; these functions are useful, especially 
in the preterm infant. 


Computed Tomography Scans 


CT provides more detail than ultrasonography, including details of 
bone structures and the subdural space. Using contrast material will 
further delineate structures such as tumors, or differentiate white from 
gray matter. However, CT exposes the child to radiation, and most 
young children require sedation to undergo this procedure. 


Magnetic Resonance Imaging 


Magnetic resonance imaging (MRI) provides the greatest detail of the 
nonbone aspects of the CNS. The scanning time is longer than for CT, 
and most young children require sedation. The contrast material used, 
gadolinium, is generally safer than the contrast agents used for CT. 
MRI is superior to CT in the evaluation of the posterior fossa. MRI is 
used for imaging the spinal cord. MRI can differentiate abnormalities 
of gray and white matter, as well as deep and cortical gray matter 
lesions. Special techniques include magnetic resonance angiography, 
which can identify blood flow, and cerebrospinal fluid flow imaging, 
which can identify flow in conditions such as Chiari II malformation. 
Magnetic resonance spectroscopy identifies metabolites in the brain 
such as lactate, N-acetylaspartate, and choline. Conditions such as 
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TABLE 24.20 Conditions in Which Early 
Treatment May Significantly Improve the 
Course of the Disease 


Condition 
Galactosemia 
Fructosemia 


Hypoglycemia from any 
cause 


Lead intoxication 


Hypothyroidism 
Phenylketonuria 


Maternal 
phenylketonuria 

Maple syrup urine 
disease 

Recurrent otitis media 


Malnutrition 


Increased intracranial 
pressure [e.g., 
hydrocephalus, 
neoplasm) 


Congenital HIV infection 


Congenital 
toxoplasmosis 

Dopa-responsive 
dystonia 


Metachromatic 
leukodystrophy 


Niemann-Pick disease 


Adrenoleukodystrophy 

Mucopolysaccharidosis 
type | 

Glycogen storage 
disease type IV 


Menkes disease 
Lesch-Nyhan syndrome 
Krabbe disease 


Treatment 

Lactose-free diet 

Fructose-free diet 

Prevent hypoglycemia and/or provide glucose 


separate child from source of lead; chelation 
therapy 


Thyroid replacement 
Phenylalanine-free diet 
Phenylalanine-free diet during pregnancy 


Diet restricted in branched-chain amino acids + 
dialysis or exchange transfusion 

Antibiotic prophylaxis, pressure-equalizing 
tubes 

Adequate nutrition 

shunt ventricles or cystic structure 


Prenatal/postnatal treatment with AZT 
(zidovudine) 


Prenatal treatment with spiramycin, 
pyrimethamine, and sulfonamide 


Responds to levodopa; may be misdiagnosed 
as cerebral palsy 


Bone marrow transplantation 


Bone marrow transplantation, liver 
transplantation, implanted amniotic 
epithelial cells 


Bone marrow transplantation 
Bone marrow transplantation 


Liver transplantation 


Parenteral copper histidinate 
Allopurinol + bone marrow transplantation 
Bone marrow transplantation 


HIV, human immunodeficiency virus. 


phenylketonuria, maple syrup urine disease, and Canavan disease have 
distinctive patterns on spectroscopy. 


Indications for Various Imaging Modalities 


Many studies have identified abnormalities in the brains of children 
with developmental delay on MRI that were not evident on CT. These 
abnormalities include delayed myelination, focal lesions, and hypoplas- 
tic white matter. In approximately 33% of children with developmental 
delay, the MRI is abnormal. This increases if the child has micro- 
cephaly or associated neurologic findings such as focal motor deficits, 
seizures, or a pattern of regression/degeneration. Neuroimaging in 


children with GDD may reveal evidence of cerebral injury, brain mal- 
formation, or markers of cerebral dysgenesis. Injury may be due to 
hypoxic-ischemic encephalopathy (“watershed” or deep gray matter 
lesions in term infants and periventricular leukomalacia common in 
premature infants) or signs of intrauterine infection. Malformations 
may result from disorders of ventral induction (holoprosencephaly, 
agenesis of the corpus callosum, septo-optic dysplasia), migrational 
abnormalities (lissencephaly, schizencephaly, pachygyria, polymicro- 
gyria, band heterotopias), and aberrant white matter development 
(demyelinating/dismyelinating syndromes). At times, neuroimag- 
ing may provide information about the possible timing of the event 
(whether injury or dysgenesis). Serial imaging studies may help to 
distinguish a static from a progressive course and aid in prognosis. 
However, in many instances, abnormal findings may not be sufficient 
for determining the specific underlying cause of the disability. Fur- 
thermore, there may be a very weak correlation between neuroimaging 
findings and the child’s clinical picture. As an unintended consequence, 
neuroimaging studies may reveal incidental findings that are unrelated 
to the child’s developmental delay, for example, nonspecific findings 
such as mild ventriculomegaly and enlargement of the subarachnoid 
spaces, or patchy areas of white matter gliosis of uncertain origin 
(Table 24.21). In many instances, these are benign variations of normal 
or clinically insignificant anomalies. In some cases, these findings may 
require consultation with a pediatric neurosurgeon, but it is impor- 
tant to avoid unnecessary additional tests or interventions whenever 
possible. 


Other Tests 


Most neurometabolic disorders can be identified through serum, 
plasma, and urine tests in conjunction with neuroradiologic investiga- 
tions. However, other tests can be helpful for identifying specific dis- 
eases. Analysis of cerebrospinal fluid for elevated protein levels may 
help in the diagnosis of a disease affecting white matter; the presence 


TABLE 24.21 Types of Abnormalities 
Identified by Neuroimaging 


e Malformations of Cortical Development: 
Midline defects: holoprosencephaly; callosal agenesis; cerebellar 
hypoplasia 
Migration defects: lissencephaly; bands; schizencephaly; pachygyria/ 
microgyria 
Hydrocephalus, hemimegalencephaly 
Neurocutaneous syndromes: tuberous sclerosis; neurofibromatosis 
Trauma: hypoxic-ischemic encephalopathy; stroke 
e Metabolic and Neurodegenerative Disorders: 
e Cortical gray matter: lysosomal enzyme defects (lipidoses: GM, 
gangliosidosis, neuronal ceroid lipofuscinosis) and mucolipidoses 
e Corpus striatum (caudate and putamen): mitochondrial disorders, 
organic acidopathies, aminoacidopathies, Wilson disease, juvenile 
Huntington disease 
e Globus pallidus: Hallervorden-Spatz disease, methylmalonic acidemia, 
hyperbilirubinemia 
e White matter (leukoencephalopathies): peroxisomal disorders 
(adrenoleukodystrophies), lysosomal leukodystrophies (metachromatic, 
globoid cell); other white matter diseases (Pelizaeus-Merzbacher, 
Canavan, Alexander, Cockayne) 
e Congenital infection: cytomegalovirus; human immunodeficiency virus; 
toxoplasmosis 
e Neoplastic disorders 
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of measles antibody can help identify subacute sclerosing panencepha- 
litis. On occasion, cerebrospinal fluid evaluation of lactate, pyruvate, 
and amino acids may be helpful. Peripheral nerve conduction tests and 
electromyography may help confirm that the condition is associated 
with peripheral neuropathy. Diminished deep tendon reflexes and pro- 
longed nerve conduction times are noted in Krabbe disease, Refsum 
disease, metachromatic leukodystrophy, and infantile neuroaxonal 
dystrophy (see Chapter 29). 

Skin and muscle biopsies may identify conditions in which abnor- 
mal material is stored in cells, such as neuronal ceroid lipofuscinosis. 
Brainstem auditory evoked response is useful as an evaluation of 
hearing in infants and is used to evaluate brainstem functioning. Visual 
evoked response can be useful in determining the integrity of the visual 
pathways; however, it cannot determine visual acuity. 


Discussing a Developmental Diagnosis with Parents 


When a specific developmental diagnosis is established, it should 
be shared with the family in an objective but sensitive manner. Facts 
about the condition and prognostic information should be presented 
with an explanation of the margin of uncertainty around any dis- 
order. Each child is unique; therefore, making a prognosis for an 
individual child solely based on data is risky. When appropriate, 
parents should be reassured that they did not do anything to cause 
the child’s disease, since feelings of guilt in this situation are uni- 
versal. All parents want some measure of hope and assurance that 
they will have help from competent professionals who will care for 
their child. 

When the child is an infant or toddler, a frank discussion about the 
child’s profile of developmental strengths and weaknesses relating skills 
to a “developmental age” may help parents to align their expectations 
to the child’s functional abilities. All parents want to help their child 
grow and develop to his or her potential, and the clinician should make 
a plan for follow-up to evaluate the child’s progress. For children under 
age 3 years, follow-up in 6 months will provide a time frame in which 
significant change can be observed. For older children, yearly intervals 
are appropriate. 


SPECIFIC CONDITIONS 


Cerebral Palsy 


Cerebral palsy (CP) is the leading cause of motor disability in children. 
CP is a clinical diagnosis characterized by significant impairment of 
movement and posture that begins in infancy or early childhood. 
Worldwide, CP affects 1-5 in every 1000 live births. The cause is often 
brain dysgenesis or injury (prenatal or perinatal from hypoxic-ischemic 
encephalopathy, intraventricular hemorrhage, or periventricular leu- 
komalacia). There is an inverse relationship between birthweight and 
CP, ranging from 51-73/1000 in very low birthweight (<1500 g) neo- 
natal survivors to 1-2/1000 in normal birthweight (>2500 g) infants. 
The effects of improvements in neonatal intensive care have both 
increased the survival of low birthweight and premature infants, and 
have decreased the incidence of CP among survivors. However, more 
than half of children diagnosed with CP were born at term or near 
term, and there has not been a decrease in CP prevalence over time. In 
a large population-based study in Western Australia, approximately 
76% of children with CP were born at term after an uncomplicated 
perinatal course without evidence of neonatal encephalopathy. A 
recent study identified clinically significant CNV in 31% of children 
with no obvious etiology (so-called “cryptogenic” CP). Thus, the etiol- 
ogy of CP appears to be multifactorial with a largely prenatal onset 
including genetic, environmental, inflammatory, and infectious influ- 
ences on fetal development. 
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Although the underlying pathology is nonprogressive, the clinical 
manifestations may change over time. For example, an infant with CP 
may initially present as hypotonic but then develop spasticity, and 
functional disability may increase if joint contractures or scoliosis 
develops. CP is associated with a wide range of other disabilities, 
including sensory impairment (hearing and vision), dysphagia, epi- 
lepsy, and ID (40-65%). 

Some IEM present with features of CP (“CP mimics”) and are 
amenable to treatment that can improve the neurologic outcome. A 
number of symptoms should raise the “index of suspicion” that an IEM 
may be responsible for the clinical picture of CP: 

° Severe symptoms in the absence of a history of perinatal injury 

° Normal brain MRI findings 

° Abnormalities isolated to the globus pallidus 

° Neurodevelopmental regression or progressively worsening 
symptomatology 

° Isolated muscular hypotonia 

° Rigidity as opposed to spasticity 

e Paraplegia 

° A pattern of disease inheritance or consanguinity 


Autism Spectrum Disorder 


Individuals with ASD have pervasive impairments in reciprocal social 
communication and social interactions, and circumscribed interests 
and repetitive patterns of behavior and activities that limit or impair 
their daily functioning. The disorder is present from early childhood, 
although approximately 25-30% of children with ASD experience a 
regression of skills, often between the ages of 15 and 24 months. 
Regression may be gradual or rapid, and usually encompasses the 
loss of communication (words and gestures) and social skills (eye 
contact). However, the regression does not appear to be progres- 
sive, and most children “plateau” at this regressed state (Table 24.22). 
The prevalence of ASD among children aged 8 years is 1:68, with a 
male-to-female ratio of 4.5:1. ASD is a neurodevelopmental disor- 
der with multifactorial etiology, with genetic factors playing a sig- 
nificant role. It occurs with high frequency in a number of known 
genetic disorders (Down syndrome, Fra X syndrome, tuberous scle- 
rosis, Rett syndrome, Angelman syndrome). Hereditary factors also 
play a role, since ASD also has an elevated recurrence rate within 
certain families. Other biologic risk factors for ASD include children 
born to older parents and children born prematurely or with low 
birthweight. 


Fragile X Syndrome 


FRAXA syndrome is the most commonly diagnosed genetic cause of 
ID in males. It affects 1 in 4000 males and 1 in 8000 females. FRAXA 
syndrome is found in all racial and ethnic groups. The disorder is 
the result of an inheritable unstable DNA in the FMRI gene of the X 
chromosome. Normal individuals may have less than 40 triplet repeats. 
Females with between 55 and 200 repeats are said to have FMRI 
premutation, since the number of repeats is likely to expand in cells 
that become eggs. Males with greater than 200 repeats are clinically 
symptomatic and will likely have a moderate degree of ID. In addi- 
tion, speech and language delays, attention difficulty, anxiety disor- 
der, and autism are associated with FRAXA syndrome. Full-mutation 
females may have a mild degree of ID. Because characteristic physical 
symptoms of FRAXA are difficult to identify in infants and young 
children, routine molecular testing for the FMR1 gene may identify 
2-6% of males and 2-4% of females with nonspecific ID. In older 
children and adults, characteristic physical features and a distinct 
“behavioral phenotype” may suggest a diagnosis of FRAXA syndrome 
(Table 24.23). 
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TABLE 24.22 Autism Spectrum Disorder 


Diagnostic Criteria 

A. Persistent deficits in social communication and social interaction across 
multiple contexts, as manifested by the following, currently or by history 
(examples are illustrative, not exhaustive): 

1. Deficits in social-emotional reciprocity, ranging, for example, from an 
abnormal social approach and failure of normal back-and-forth 
conversation; to reduced sharing of interests, emotions, or affect; to 
failure to initiate or respond to social interactions. 

. Deficits in nonverbal communicative behaviors used for social 
interaction, ranging, for example, from poorly integrated verbal and 
nonverbal communication; to abnormalities in eye contact and body 
language or deficits in understanding and use of gestures; to a total 
lack of facial expressions and nonverbal communication. 

. Deficits in developing, maintaining, and understanding relationships, 
ranging, for example, from difficulties adjusting behavior to suit 
various social contexts; to difficulties in sharing imaginative play or in 
making friends; to absence of interest in peers. 

Specify current severity: Severity is based on social communication 
impairments and restricted, repetitive patterns of behavior. 

. Restricted, repetitive patterns of behavior, interests, or activities, as 
manifested by at least 2 of the following, currently or by history 
(examples are illustrative, not exhaustive): 

1. Stereotyped or repetitive motor movements, use of objects, or speech 
(e.g., simple motor stereotypies, lining up toys or flipping objects, 
echolalia, idiosyncratic phrases). 

. Insistence on sameness, inflexible adherence to routines, or ritualized 
patterns of verbal or nonverbal behavior (e.g., extreme distress at 
small changes, difficulties with transitions, rigid thinking patterns, 
greeting rituals, need to take the same route or eat the same food 
every day). 

. Highly restricted, fixated interests that are abnormal in intensity or 
focus [e.g., strong attachment to or preoccupation with unusual 
objects, excessively circumscribed or perseverative interests). 

. Hyper- or hyporeactivity to sensory input or unusual interest in 
sensory aspects of the environment (e.g., apparent indifference to 
pain/temperature, adverse response to specific sounds or textures, 
excessive smelling or touching of objects, visual fascination with 
lights or movement). 

Specify current severity: Severity is based on social communication 
impairments and restricted, repetitive patterns of behavior. 

. Symptoms must be present in the early developmental period (but may 
not become fully manifest until social demands exceed limited 
Capacities, or may be masked by learned strategies in later life). 

D. Symptoms cause clinically significant impairment in social, occupational, 
or other important areas of current functioning. 

E. These disturbances are not better explained by intellectual disability 
(intellectual developmental disorder) or global developmental delay. 
Intellectual disability and autism spectrum disorder frequently co-occur; 
to make comorbid diagnoses of autism spectrum disorder and 
intellectual disability, social communication should be below that 
expected for the general developmental level. 


From American Psychiatric Association. Diagnostic and Statistical 
Manual of Mental Disorders (DSM-V). 5th ed. Arlington, VA: American 
Psychiatric Association; 2013. 
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TABLE 24.23 Scoring System for Screening 
Individuals for Fragile X Syndrome 


Category Score Criteria 


Family history 2 Retarded sibling, maternal uncle, aunt, 
nephew, niece, 1st cousin 
Any other affected relative 


No family history of retardation 


Personality shyness, lack of eye contact followed by 
friendliness, verbosity, and echolalia 
some of these characteristics 


No characteristic 


Large and protruding 

Large, not protruding 

Other 

Long jaw, high and wide forehead 
Only 1 finding 

No findings 


1 
0 
Í 
1 
O 
2 
1 
0 
2 


Body habitus Slim, tall, rounded shoulders, hyperextensible 
fingers, lack of body hair, or obese with 
female fat distribution, striae, soft skin, 
lack of body hair (in boys and men) 

Slim or obese (girls and women) 

Only some features 


No features 


*A score of 5 or greater has a sensitivity of 0.88 and specificity of 
0.98 in comparison with chromosome analysis. 


Inborn Errors of Metabolism and Storage Diseases 


IEM may manifest as an acute encephalopathy (from an organic acide- 

mia or hyperammonemia) or as a chronic progressive encephalopathy 

(cardiomyopathy, spasticity, hyperreflexia, liver dysfunction), often as a 

result of mitochondrial disorders or storage diseases (see Table 24.19). 

° Sphingolipidoses (Tay-Sachs disease, Niemann-Pick disease, GM, 
gangliosidosis) are associated with a cherry-red retinal spot, 
organomegaly, and ID. 

° Glycoprotein degradation disorders (e.g., mannosidosis, fucosidosis) 
may variably manifest with coarse facies, ID, hepatosplenomegaly, 
and vacuolated lymphocytes. 

° Mucopolysaccharidoses (e.g., the Hurler, Hunter, and Sanfilippo syn- 
dromes) may manifest with coarse facies, ID, hepatosplenomegaly, 
dysostosis multiplex, and corneal clouding. 

° Neuronal ceroid lipofuscinosis may manifest with ID, vision loss, 
ataxia, and myoclonic seizures. 

° Peroxisomal disorders (Zellweger syndrome, X-linked adrenoleuko- 
dystrophy, Refsum disease) variably manifest with ID, encephalopa- 
thy, seizures, blindness, dysmorphic features, and deafness. 

IEM should also be suspected in children with acute neurologic 
abnormalities in whom there is unexplained vomiting, an unusual 
smell to the urine or body odor, acidosis, or renal stones. 


Congenital Infections 
Bacteria, parasites, or viruses acquired before, during, or after birth 
may cause CNS infection and injury. The diagnosis is based on the 


clinical manifestations (Table 24.24) and culture or serologic evidence 
of infection (Table 24.25). 


Postnatal Infections 


CNS infection during infancy or childhood may cause encephalitis or 
meningoencephalitis with resultant ID. Bacterial (pneumococcus, 
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Mycobacterium tuberculosis, meningococcus) and viral (herpes simplex 
type 1 or 2, eastern or western equine encephalitis virus, West Nile 
virus, St. Louis encephalitis virus, HIV; in rare cases, mumps, entero- 
viruses, or California encephalitis virus) cases occur in infancy and 
early childhood and variably have neurodevelopmental sequelae. Sec- 
ondary problems caused by the infection such as hearing or visual loss 
must also be considered. Late sequelae or prior viral infection such as 
measles or rubella panencephalitis may appear 10-20 years after the 
initial CNS disease and manifest as dementia, poor school perfor- 
mance, and progressive encephalopathy. 


TREATMENT 


The treatment of a child with a developmental or intellectual disability 
includes routine health maintenance, treatment of the underlying con- 
dition (if possible), treatment of associated conditions (such as hyper- 
activity, seizures, or drooling), relief of symptoms, anticipatory 
guidance to prevent secondary conditions, and environmental, educa- 
tional, and family support. The overriding goal is to optimize the 
functional status and prognosis of the child. 

Health maintenance for children with developmental disabilities 
should be the same as that provided for all children, including immu- 
nizations, regular monitoring of physical growth and development, 
and screening for conditions such as anemia, tuberculosis, and lead 
intoxication. Use of standardized growth charts will reflect the child’s 
individual pattern over time. Specific growth charts are available for 
some conditions, including Down syndrome, Prader-Willi syndrome, 
and FRAXA syndrome. Nutritional recommendations are available for 
children with CP. 

Very few conditions (see Table 24.20) that lead to developmental 
delay can be “cured.” However, medical treatment of associated condi- 
tions can help reduce pain and discomfort. For example, many children 
with CP have drooling and spasticity. Drooling can be controlled by 
the use of glycopyrrolate, scopolamine patch, or surgery to the salivary 
glands. Spasticity can be managed with oral baclofen, periodic injec- 
tions of botulinum toxin, tizanidine, or dorsal root rhizotomy. Behav- 
ioral or psychiatric problems may benefit from counseling, support, or 
psychopharmacologic medications. These medications can be used to 
reduce arousal symptoms and to improve affect, perceptual function- 
ing, cognitive processing, communication, and behavior (Table 24.26). 
Attention must be paid to the use of medications in specific conditions. 
For example, valproic acid is more likely to cause hepatotoxicity in 
GM, gangliosidosis, spinocerebellar degeneration, Friedreich ataxia, 
Lafora body disease, Alpers disease, and myoclonic epilepsy with 
ragged red fibers. Parents and capable children should be informed 
about the medication prescribed, including side effects. Some written 
guidelines for parents and youth are available for psychopharmaco- 
logic medications. 

Anticipatory guidance for parents of children with developmental 
disabilities involves the same categories used in all children but may 
be modified because of the unique features of the child’s condition. 
For example, parents of children with CP should be aware of the pos- 
sibility that their child may be at risk for poor weight gain and aspira- 
tion pneumonia because of oral-motor dysphagia, for strabismus, 
spinal scoliosis and deformities (contractures) of the foot, knee, and 
hip because of muscle spasticity, osteoporosis, decubitus ulcers, epi- 
lepsy, and learning difficulties. 

Although there are many different causes, children with develop- 
mental disabilities and their families share many common character- 
istics, including chronicity of the condition (with no cure in most 
instances); inability to participate in peer activities; parental feelings 
of guilt and loss of the “ideal” child; increased expense to care for a 


TABLE 24.24 Distinguishing Features of Perinatal Congenital Infections 


Agent 
Toxoplasma gondii 


Rubella virus 


Cytomegalovirus (CMV) 


Herpes simplex type 2 
virus 


Varicella-zoster virus 


Treponema pallidum 
(syphilis) 


Parvovirus B19 


Human immunodeficiency 
virus (HIV) 


Hepatitis B virus 


Borrelia burgdorferi 
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Maternal Epidemiology 


Heterophile-negative mononucleosis 

Exposure to cats or raw meat or 
immunosuppression 

High-risk exposure at 10-24 wk gestation 


Unimmunized seronegative mother; fever + rash 
Detectable defects with infection: 
by 8 wk, 85% 
9-12 wk, 50% 
13-20 wk, 16% 
Virus may be present in the infant's throat for 
1 yr 
Prevention: vaccine 
Primary infection may be asymptomatic 
Heterophile-negative mononucleosis; infant may 
have viruria for 1-6 yr 


STD; primary genital infection may be 
asymptomatic; intrauterine infection rare, 
acquisition at time of birth more common 


Intrauterine infection with chickenpox during 1st 
trimester 

Infant develops severe neonatal varicella when 
maternal illness occurs 5 days before or 2 days 
after delivery 


STD 

Maternal primary asymptomatic: painless 
“hidden” chancre 

Penicillin, not erythromycin, prevents fetal 
infection 


Etiology of 5th disease; fever, rash, arthralgia in 
adults 


AIDS: most mothers are asymptomatic and 
HIV-positive; high-risk history: prostitute, drug 
abuse, sexual partner of bisexual person, or 
hemophiliac 


Vertical transmission common; may result in 
cirrhosis, hepatocellular carcinoma 


Lyme disease, erythema chronicum migrans, 
meningitis, arthritis, carditis 


Intellectual and Developmental Disability 


Neonatal Features 


Hydrocephalus, abnormal spinal fluid, intracranial 
calcifications, chorioretinitis, jaundice, 
hepatosplenomegaly, fever, ID if symptomatic 

Many infants asymptomatic at birth 

Treatment: pyrimethamine plus sulfadiazine 


Intrauterine growth restriction, microcephaly, 
microphthalmia, cataracts, glaucoma, “salt-and-pepper” 
chorioretinitis, hepatosplenomegaly, jaundice, PDA, 
deafness, blueberry muffin rash, anemia, 
thrombocytopenia, leukopenia, metaphyseal lucencies, 
B- and T-cell deficiency, ID 

Infant may be asymptomatic at birth 


Sepsis, intrauterine growth restriction, chorioretinitis, 
microcephaly, periventricular calcifications, blueberry 
muffin rash, anemia, thrombocytopenia, neutropenia, 
hepatosplenomegaly, jaundice, deafness, pneumonia 

Many asymptomatic at birth, ID if symptomatic 

Prevention: CMV-negative blood products 


Intrauterine infection: chorioretinitis, skin lesions, 
microcephaly, ID 

Postnatal infection: encephalitis, localized or 
disseminated disease, skin vesicles, 
keratoconjunctivitis, 

ID if CNS infection 

Treatment: acyclovir 


Microphthalmia, cataracts, chorioretinitis, cutaneous and 
bone aplasia/hypoplasia/atrophy, cutaneous scars, ID 

Zoster as in an older child 

Prevention of neonatal condition: VZIG 

Treatment of ill neonate: acyclovir 


Presentation at birth as nonimmune hydrops, prematurity, 
anemia, neutropenia, thrombocytopenia, pneumonia, 
hepatosplenomegaly 

Late neonatal presentation as snuffles (rhinitis), rash, 
hepatosplenomegaly, condylomata lata, metaphysitis, 
cerebrospinal fluid pleocytosis, keratitis, periosteal new 
bone, lymphocytosis, hepatitis; ID possible 

Late-onset abnormalities: teeth, eye, bone, skin, CNS, ear 

Treatment: penicillin 


Nonimmune hydrops, fetal anemia 
Treatment: in utero transfusion 


AIDS symptoms develop between 3-6 mo of age in 
25-40%; failure to thrive, recurrent infection, 
hepatosplenomegaly, neurologic abnormalities, ID 

Management: IVIG, trimethoprim-sulfamethoxazole, 
antiretroviral therapy 

Prevention: maternal and infant antiretroviral therapy 


Acute neonatal hepatitis; many become asymptomatic 
carriers 
Prevention: HBIG, vaccine 


Prematurity, rash, cortical blindness, fetal death? 
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TABLE 24.24 Distinguishing Features of Perinatal Congenital Infections—cont'd 


Agent Maternal Epidemiology Neonatal Features 
Neisseria gonorrhoeae STD, infant acquires at birth Gonococcal ophthalmia, sepsis, meningitis 
Treatment: cefotaxime, ceftriaxone Prevention: silver nitrate, erythromycin eye drops 
Treatment: intravenous ceftriaxone 
Chlamydia trachomatis STD, infant acquires at birth Conjunctivitis, pneumonia 
Treatment: oral erythromycin Prevention: erythromycin eye drops 
Treatment: oral erythromycin 
Mycobacterium Positive PPD skin test, recent converter, positive Congenital rare septic pneumonia; acquired primary 
tuberculosis chest roentgenogram, positive family member pulmonary TB; ID if CNS symptoms; if asymptomatic, 
Treatment: INH and rifampin + ethambutol follow PPD 
Prevention: INH, BCG, separation 
Treatment: INH, rifampin, pyrazinamide 
Trypanosoma cruzi Central South American native, immigrant, travel Failure to thrive, heart failure, achalasia 
(Chagas disease) Chronic disease in mother Treatment: nifurtimox 


AIDS, acquired immunodeficiency syndrome; BCG, bacillus Calmette-Guérin; CNS, central nervous system; HBIG, hepatitis B immune globulin; 
ID, intellectual disability; INH, isoniazid; IVIG, intravenous Immunoglobulin; PDA, patent ductus arteriosus; PPD, purified protein derivative; STD, 
sexually transmitted disease; TB, tuberculosis; VZIG, varicella-zoster immune globulin. 

Modified from Kliegman RM. Fetal and neonatal medicine. In: Behrman RE, Kliegman RM, eds. Nelson Essentials of Pediatrics. 2nd ed. 
Philadelphia: WB Saunders; 1994. 


TABLE 24.25 Diagnosis of 
Congenital Infections 


TABLE 24.26 Psychopharmacologic 
Agents That May Be Useful in the Treatment 


Serologic Findings of Children with Developmental Disabilities 


Syphilis: nontreponemal (VDRL) or treponemal (FTA-ABS) 
Toxoplasmosis: ELISA, Sabin-Feldman dye test 

Rubella: latex agglutination, enzyme immunoassay 
Cytomegalovirus: ELISA 

Herpes simplex viruses: several methods 

Varicella-zoster virus: fluorescent antimembrane antibody 
Lyme disease: ELISA 

Human parvovirus B19: ELISA or RIA 

Arboviruses: antibody capture ELISA (blood or CSF) 


Serologic Studies Should Include 


Medication Possible Indications 


Carbamazepine Mania, bipolar disorder, impulsivity, 
aggression, seizures, trigeminal neuralgia 


Clomipramine Obsessive-compulsive disorder, depression 
Clonazepam Mania, bipolar disorder, seizure 


Clonidine, guanfacine Manic episodes, attention-deficit/ 
hyperactivity disorder, aggression 


Sertraline, other SSRIs, Obsessive-compulsive disorder, depression, 
risperidone, olanzapine, anxiety 


An acute sample from the infant for agent-specific IgM and IgG aripiprazole Aggressive, self-injurious behavior 


A convalescent sample from the infant for agent-specific antibodies 
A maternal sample for agent-specific IgG 


Methylphenidate Attention-deficit/hyperactivity disorder: 
dextroamphetamine 
Virologic Findings (Culture and PCR) Aggression, impulsivity 


Cytomegalovirus: urine, saliva, blood leukocytes, occasionally CSF Valproic acid Bipolar disorder, especially rapidly cycling 


Rubella virus: urine, nasopharyngeal secretions SSRIs, selective serotonin reuptake inhibitors. 
Herpes simplex viruses: skin lesions, throat, rectum, CSF, blood 

Varicella-zoster virus: skin lesions 

Enteroviruses: CSF, throat, stool, blood 


Arboviruses: blood, CSF disabled child; lost economic opportunities (such as the inability of a 
When the agent is unknown, samples should include urine, throat washing, parent to return to work because he or she must care for the child at 
CSF, blood, rectal swab, and fluid from skin vesicles, if present. home); need for personal care (because the child cannot be left alone 
or with a sitter); confusing systems of health care, insurance coverage, 

CSF, cerebrospinal fluid; ELISA, enzyme-linked immunosorbent and governmental agencies and rules; and social isolation. 
assay; FTA-ABS, fluorescent treponemal antibody absorption; Environmental support may be needed and may take the form of 


IgG, immunoglobulin G; IgM, immunoglobulin M; PCR, polymerase 


| a family therapy, financial counseling, and referral to a disease-oriented 
chain reaction; RIA, radio-immunoassay; VDRL, Venereal Disease 


volunteer support group or in a “Big Brothers/Big Sisters” program. 
Research Laboratory. I I . ! 
ee Formal support includes early intervention for children from birth to 
From Bale JF, Murph JR. Congenital infections and the nervous 3 f cian Tondi kthe chool daneri 
system. Pediatr Clin North Am. 1992;39:669-690. A E PESE sn E E ns a 
children 3-5 years of age, and special education services provided 
under the Individuals with Disabilities Education Act (IDEA) and 
Section 504 of the Rehabilitation Act for school-age children. Families 
may also need assistance in transitioning their adolescent child from 
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TABLE 24.27 Providing Primary Care to 
Children with Developmental Disabilities 
Using the Mnemonic “Md's DD BASICS” 


MD's DD 
BASICS 
Motor 


Diet 


Seizures 


Dermatology 
Dentistry 
Behavior 


Advocacy 


Sensory 


Infections 


Constipation 
Sexuality 


Things to Check 

Ambulation, seating, position, 
spine 

Weight, fat stores, diet, 
feeding problems 


Seizure record; drug levels and 
side effects 


Skin breakdown 

Teeth, gums 

Aggression, self-injury, sleep, 
pica, interfering behavior 


Finances, family support, 
program aid 


Vision, hearing 


Immunizations, environment, 
lungs, urine 

Stools, gastroesophageal reflux 

Menses, sexual activity, 
masturbation, contraception, 
prevention of sexually 
transmitted diseases 


Potential 


Consultant(s) 


Orthopedist, physiatrist, 
POT 

Nutritionist/dietitian, 
speech pathologist, 
OT 


Neurologist 


Nursing, plastic surgeon 

Dentist 

Psychologist, 
psychiatrist 

social worker 


Ophthalmologist, 
audiologist 


Infection control nurse 


Gastroenterologist 


Gynecologist, 
habilitation program 


OT, occupational therapist; PT, physical therapist. 

Modified from Sulkes S. MD's DD BASICS: identifying common 
problems and preventing secondary disabilities. Pediatr Ann. 
1995;24:245-254. 


Intellectual and Developmental Disability 


TABLE 24.28 Medical Checklist for a Child 
with Down Syndrome 


Age 
Birth to 2 mo 


Condition 


Etiology, recurrence 
risk 

Hypothyroidism 

Congenital heart 
defect 

Family stress 


Refractive errors, 
cataracts 

Hearing loss; recurrent 
otitis media 

Delayed development 


Delayed development 
Hypothyroidism 
Hearing loss 
Refractive error 
Atlantoaxial instability 


Routine care 


Hypothyroidism 
Decreased hearing 
Refractive error 


Mitral valve prolapse 


Monitoring 


Chromosome analysis and 
genetic counseling 

TSH, Ts, and T, 

Pediatric cardiology evaluation, 
including echocardiography 

Referral to Down Syndrome 
Association 


Pediatric ophthalmologic 
evaluation 

Auditory brainstem evoked 
response 

Formal developmental 
evaluations 


Enrollment in early intervention 
program 

Annual TSH 

Auditory testing: annually 
between 1 and 3 yr and every 
2 yr between 3 and 13 yr 

Ophthalmologic examination 
every 2 yr 

Cervical spine roentgenography 
at 2 and 12 yr 

Dental examination at 2 yr, then 
every 6 mo (prophylaxis for 
subacute bacterial 
endocarditis, if indicated) 

TSH annually 

Auditory testing every 2 yr 

Ophthalmologic examination 
every 2 yr 

Echocardiography 


school to a work or independent living situation. At each stage in the 
child’s life, the clinician should review the services the child is receiving 
and determine whether the family might benefit from additional 
support. The mnemonic “MD’s DD BASICS” provides a list of content 
areas for review at each visit (Table 24.27). Checklists to monitor the 
care of children with specific problems such as Down syndrome are 
also available, often through the AAP (Table 24.28). 


Complementary and Alternative Therapies 


Because conventional medical care cannot cure many conditions asso- 
ciated with developmental disability, a wide range of “complemen- 
tary and alternative medications” (CAM) and therapies have arisen. 
The rate of CAM use by children with special health care needs is 
~30-70%. CAM may include biochemical therapies (herbal remedies, 
vitamin and mineral supplements), nutritional supplements, biome- 
chanical therapies (massage, chiropractic), bioenergetic therapies (acu- 
puncture, homeopathy), and lifestyle/mind-body therapies including 
dietary manipulations (Feingold diet, sugar elimination diet), relax- 
ation training, and biofeedback. In some instances, CAM may 
include potentially toxic treatments (antifungal medications, chelation, 
vitamin B,, injections). In most instances, families use CAM to supple- 
ment conventional services and treatments. While the research basis 
for the effectiveness or harm of CAM is limited, it is also true that the 
literature addressing the appropriate and effective use of “mainstream” 
pharmacologic agents to treat children with developmental disabilities 


Ts, triiodothyronine; Tz, thyroxine; TSH, thyroid-stimulating hormone. 


is also quite limited. Clinicians should ask about all therapies the family 
is using to help the child. Unless there are identified health risks, clini- 
cians should refrain from disparaging the use of CAM. Acknowledging 
and discussing the use of CAM is not the same as recommending or 
prescribing them. It is better to know what treatments and services a 
child is receiving and to factor them into an overall plan of care than 
to be unaware of what the family is doing for their child. The clinician 
should keep an “open mind” about CAM, but maintain a focus on the 
safety and efficacy of all treatments for children with developmental 
disabilities. 


PITFALLS AND HAZARDS IN 
DEVELOPMENTAL DIAGNOSIS 


The identification of “risk factors” does not imply a specific etiology 
or diagnosis. It is important to avoid a logical fallacy (post hoc attribu- 
tion) and not base a diagnosis on a specific cause unless there is posi- 
tive evidence to confirm that cause. For example, a history of a low 
5-minute Apgar score with no other symptoms of neonatal encepha- 
lopathy is not likely to be the cause of a child’s subsequent develop- 
mental disability. 


Dysmorphic and physically disabled children are often assumed to 
have GDD/ID, and conversely, children with normal facial appearance 
and motor skills may not be identified early as having GDD/ID. Cogni- 
tive development is usually unaffected in a number of striking dysmor- 
phic syndromes (e.g., Treacher Collins syndrome, achondroplasia). 

Identifying a child as being “at risk” for developmental delay may 
alter the family’s perceptions, making the child vulnerable. This might 
lead to constraints on the child’s experiences and diminished expecta- 
tions of performance. When a child is born with a single risk factor, 
such as prematurity, the parents may be afraid to place demands on 
the child, creating a vicious cycle of “learned helplessness” and imma- 
ture behaviors. 

Parents of children who are informed that their child is not normal 
often grieve for their “lost” (typically developing) child. This process 
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of grieving involves stages that include denial, sadness, anger, and guilt. 
One parent may be experiencing persistent anger while another is still 
sad or depressed. This difference in stages may make communication 
between them exceedingly difficult. Grieving may occur at times other 
than the initial diagnosis, for example, on the 1st day of kindergarten. 
These feelings may be expressed in nonfunctional ways, such as denial 
that leads to unending shopping for professionals who will “cure” the 
child or anger that is expressed at the clinician, thereby thwarting 
efforts at building a trusting and supportive relationship. However, 
many authorities believe that these emotions are essential steps that 
allow the parents to release the old dreams and secure new ones. The 
goal of the therapeutic clinician is to accept the parents at whatever 
stage they are in and to help them understand the normalcy of the 
stages. 


Developmental disabilities are common. Identifying children with 
developmental delay involves both specific attention to children with 
biologic and/or sociocultural risks and routine developmental surveil- 
lance and screening during well child visits. All children with suspected 
developmental delay should receive a formal multidisciplinary assess- 
ment that includes a systematic diagnostic approach with a “tiered” 
strategy for laboratory and neuroimaging evaluations. Developmental 
regression, vomiting, seizures, or lethargy suggests the presence of a 
potentially life-threatening metabolic disorder. Parents need to under- 
stand that it is not always possible to identify a single defined disease 
process responsible for their child’s developmental disability. Even if a 
specific etiology is not found, comprehensive clinical assessments can 
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identify the child’s profile of strengths and weaknesses. Children with 
developmental disabilities will require meticulous monitoring over 
time and coordination of care to optimize their functional status. All 
children with developmental disabilities will benefit from early inter- 
vention, therapeutic, and special education services to help maximize 
their developmental potential and to promote independence and per- 
sonal autonomy. 

Red flags include developmental regression (see Tables 24.14 and 
24.15), developmental delay associated with vomiting or lethargy (see 
Table 24.19), and recognition of a treatable cause of delay or CP (see 
Table 24.20). 
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Dysmorphology evolved as a subset of clinical genetics that focused on 
standardizing the descriptive terminology used to define deviations 
from normal structural development in the context of syndromic 
disorders. These traits were termed birth defects and result from 
malformations, deformations, or disruptions, which generally have a 
significant and obvious effect on appearance (Table 25.1 and Fig. 25.1). 
To identify the abnormal state, one has to be familiar with normal 
developmental stages, the timing of specific organ development, and 
developmental vulnerable periods (Fig. 25.2). The dysmorphic physi- 
cal examination is directed to overcome some of the clinical challenges 
of identifying and describing birth defects by providing a framework 
in which to differentiate normal human variable morphology from the 
abnormal in the context of a specific diagnosis. 

An international initiative to standardize the nosology used in clini- 
cal dysmorphology has been adapted to the Internet as an online 
resource supported by the National Human Genome Research Insti- 
tute (NHGRI): https://elementsofmorphology.nih.gov/. These terms 
in themselves are of no clinical utility (aside from communicating the 
appropriate malformation to other providers) but when used with 
available database tools, can be a powerful adjunct to determining the 
final diagnosis. Examples of these terms are noted in Table 25.2. The 
importance of reaching a diagnosis is to provide insight into the nature 
of the condition, enable appropriate counseling of recurrence risk, 
guide the necessary management recommendations, and provide the 
family with an overall framework of the natural history and prognosis 
of the disorder. 


DIAGNOSTIC APPROACHES 


Often the geneticist-dysmorphologist is asked to view a child with the 
expectation that the total picture will lead to an instant identification 
of a syndrome or condition. Instant identification happens more fre- 
quently with the more common or better known conditions. Most 
often a diagnosis is difficult with many complex disorders; knowledge, 
skill, attention to detail, the use of the current tools, review of litera- 
ture, and standard reference sources are required for diagnosis. 


Human Variation 


Normal human variation is enormous. A common sense argument can 
be made for variation by pointing out the ability of people to recognize 
and differentiate thousands of individuals whom they have met; com- 
puter programs for facial recognition are based on this premise. None- 
theless, humans differ little from one another at their DNA level; 
variation is currently estimated at approximately 0.1% or 1 base of 
DNA/1000 bases, which equates to roughly 6 coding variants/gene. The 
advent of molecular and biochemical diagnostic methods for identify- 
ing genes and gene products has begun to ease the burden on the 
geneticist by providing diagnostic and confirmatory tests for syndrome 
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identification. Sequencing of the Human Genome clarified many prior 
preconceived notions regarding human genetics. Prior to the comple- 
tion of the project, it was estimated that humans had approximately 
100,000 genes, whereas in reality this number is closer to 23,000 genes. 
Of these genes, less than half have been associated with human disease 
and many have no clear function assigned to them at this time. This 
gene coding portion of the genome only accounts for approximately 1% 
of the total genomic code, which consists of roughly 6 billion nucleo- 
tides. DNA analysis when available may provide the genotype and 
confirm the diagnosis, but it cannot unerringly define the phenotype. 

There is still much to learn about our genetic code and how genes 
are expressed and regulated; even if we could perform genomic 
sequencing on every patient, there would be a number of patients in 
whom the molecular diagnosis remained elusive. The current diagnos- 
tic rate for exome sequencing is approximately 25%, this improves to 
about 30% with exome trios in which selected relatives are sequenced 
along with the affected individual and used to assess allele segregation 
with the phenotype. 

There are common genetic pathways that relate genes within a 
pathway to common groups of disorders. This has provided an expla- 
nation to clinicians why seemingly disparate disorders share certain 
disease associations but remain clinically distinct. An example of this 
is the RASopathies (Fig. 25.3), in which germline pathogenic variants 
in KRAS can result in the classic Noonan phenotype or cardiofaciocu- 
taneous syndrome. There is genetic heterogeneity in this group of 
disorders which share several overlapping features. In addition, somatic 
mosaicism for genes in this pathway has been identified to cause several 
capillary/vascular malformation disorders. Another example is the 
allelic disorders involving the TRPV4 gene, which include brachyolmia 
type 3, digital arthropathy—brachydactyly, hereditary motor and 
sensory neuropathy type IIc, metatropic dysplasia, parastremmatic 
dwarfism, scapuloperoneal spinal muscular atrophy, spondyloepiphy- 
seal dysplasia Maroteaux type, spinal muscular atrophy, and spondy- 
lometaphyseal dysplasia Kozlowski type. The wide phenotypic 
variability ranging from primary skeletal dysplasias to isolated neuro- 
muscular disease speaks to the complexities of gene regulation and 
tissue-specific expression. 

In addition to the primary gene code, there are tertiary elements that 
can be imprinted, in which gene expression is controlled by parent of 
origin or even be affected by the environment, the concept of epigenetic 
control. Further variability exists in genomic copy number variations, 
some of which are considered normal variants, while others result in 
recognizable microdeletion or microduplication disorders such as velo- 
cardiofacial syndrome (VCFS) and Smith—Magenis syndrome. 

Not all congenital malformations or birth defects are primarily 
genetic. Teratogenic exposure, vascular events, and extrinsic factors, 
such as amniotic bands, all have the potential to result in deviations 
from normal morphologic development (Fig. 25.4). 
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TABLE 25.1 


Terminology Definition 


Malformation sequence 
chain of subsequent defects 


Deformation sequence 

normal tissue 

Disruption sequence In utero tissue destruction after a period of normal 
morphogenesis 


Dysplasia sequence Poor organization of cells into tissues or organs 


Malformation syndrome 


Single, local tissue morphogenesis abnormality that produces a 


Mechanical (uterine) forces that alter structure of intrinsically 


Appearance of multiple malformations in unrelated tissues 
without an understandable unifying cause; with enhanced 
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Mechanisms, Terminology, and Definition of Dysmorphology 


Example 


DiGeorge sequence of primary 4th brachial arch and 3rd and 4th 
pharyngeal pouch defects that lead to aplasia or hypoplasia of 
the thymus and parathyroid glands, aortic arch anomalies, and 
micrognathia 


Oligohydramnios produces deformations by in utero compression 
of limbs (dislocated hips, equinovarus foot deformity), crumpled 
ears, dislocated nose, or small thorax 


Amnionic membrane rupture sequence, leading to amputation of 
fingers/toes, tissue fibrosis, and destructive tissue bands 


Neurocutaneous melanosis sequence with poor migration of 
melanocyte precursor cells from the neural crest to the 
periphery, manifesting as melanocytic hamartomas of skin, 
meninges, and so forth 


Trisomy 21 
Teratogens 


genetic investigation, a single etiology may become identified 


Malformation, 
malformation 
sequence 


Malformation 
syndrome 


Malformation 
association 


Deformation, 
deformation 
sequence 


Nature of Problem 


Disruption, 
disruption 
sequence 


Dysplasia, 
dysplasia 
sequence 


FIGURE 25.1 Most patients with multiple structural defects will fall into one of these categories (e.g., 
malformation; deformation; disruption; or dysplasia). The prognosis, management, and recurrence-risk coun- 
seling may vary considerably among these categories. (From Jones KL, Jones MC, Del Campo M, eds. 
Smith's Recognizable Patterns of Human Malformation. 7th ed. Philadelphia: Elsevier; 2013:3.) 


TERATOLOGY 


Teratogens are agents that affect normal development and can give rise 
to congenital birth defects. For the most part, teratogens are considered 
to be chemical agents, such as thalidomide or alcohol. However, peri- 
natal infections with cytomegalovirus would fall into this broad cate- 
gory as would significant radiation exposure. The minority of fetuses 
exposed to potential teratogens show effects, even if exposed at the 
same time with the same dose of the agent (e.g., alcohol, 30%; thalido- 
mide, 20%; hydantoins, 10%; warfarin, 8%; lithium, 7%; and diaze- 
pam, 1%). The exact determinants why some fetuses are affected are 
poorly understood. 

Embryologic timing is one of the critical elements that define the 
final outcome. There are broadly 3 periods identified in fetal develop- 
ment (see Fig. 25.2). 


Implantation: Period of fertilization through gastrulation and forma- 
tion of the embryonic plate (first 2 weeks after fertilization). Sig- 
nificant interference with development during this time usually 
results in loss of conceptus. 

Embryonic: This is the period of primary tissue differentiation, and 
thus, the period at greatest risk for major malformations (weeks 3 
through 8). 

Fetal: At this time, primary organogenesis is complete, but growth and 
neuronal migration proceed. The central nervous system (CNS) is 
at risk and many of the minor birth defects arise during this time 
(9 weeks through birth). 

Some teratogens may have delayed effects, and these do not result 
in an overt congenital malformation; diethylstilbestrol (DES) exposure 
in a female fetus can predispose to vaginal clear cell carcinoma in 
puberty. 
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TABLE 25.2 Glossary of Selected Terms 
Used in Dysmorphology 


Terms Pertaining to the Face and Head 

Brachycephaly: A condition in which head shape is shortened from front to 
back along the sagittal plane; the skull Is rounder than normal 

Canthus: The lateral or medial angle of the eye formed by the junction of 
the upper and lower lids 

Columella: The fleshy tissue of the nose that separates the nostrils 

Glabella: Bony midline prominence of the brows 

Nasal alae: The lateral flaring of the nostrils 

Nasolabial fold: Groove that extends from the margin of the nasal alae to 
the lateral aspects of the lips 

Ocular hypertelorism: Increased distance between the pupils of the 
2 eyes 

Palpebral fissure: The shape of the eyes based on the outline of the 
eyelids 

Philtrum: The vertical groove in the midline of the face between the nose 
and upper lip 

Plagiocephaly: A condition in which head shape is asymmetric in the 
sagittal or coronal planes; can result from asymmetry in suture 
closure or from asymmetry of brain growth 

scaphocephaly: A condition in which the head is elongated from front to 
back in the sagittal plane; most normal skulls are scaphocephalic 

synophrys: Eyebrows that meet in the midline 

Telecanthus: A wide space between the medial canthi 


Terms Pertaining to the Extremities 

Brachydactyly: A condition of having short digits 

Camptodactyly: A condition in which a digit is bent or fixed in the direction 
of flexion (a “trigger finger’—type appearance) 

Clinodactyly: A condition in which a digit is crooked and curves toward or 
away from adjacent digits 

Hypoplastic nail: An unusually small nail on a digit 

-melia: A suffix meaning “limb” (e.g., amelia—missing limb; brachymelia— 
short limb) 

Polydactyly: The condition of having 6 or more digits on an extremity 

syndactyly: The condition of having 2 or more digits at least partially fused 
(can involve any degree of fusion, from webbing of skin to full bony fusion 
of adjacent digit) 


From Behrman RE, Kliegman RM. Nelson Essentials of Pediatrics. 4th 
ed. Philadelphia: Saunders; 2002:149. 


Embryogenesis 


The developmental timing of the event that results in the final 
phenotype is one of the critical determinants of the phenotypic 
outcome. When considering embryologic processes, timing is one 
element but other important concepts are important to aid under- 
standing of the final outcome. The timing is important because 
multiple developmental processes are occurring at the same time 
and thus a number of malformations present concomitantly as a 
result of interference with everything developing at the same embry- 
onic time; radial ray defects may be seen with cardiac septal defects 
as in Holt-Oram syndrome. The common embryologic origin of 
various elements can give rise to overlapping disorders with shared 
elements: branchial arch developmental field defects in VCFS or 
disorders caused by abnormal neural crest cell migration. Critical 
embryologic events can give rise to disorders due to failure of a 
specific embryologic process: Neural tube defects arise as a result 
of abnormal neural tube fusion/closure. 
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BIRTH DEFECTS 


It is estimated that approximately 15% of newborns have 1 minor 
anomaly; 0.8% have 2 minor anomalies, and 0.5% have 3. The more 
minor anomalies that are present, the greater is the probability that an 
underlying syndrome or a major organ anomaly is also present. Statisti- 
cally, this equates to a 5-fold risk if 2 minor anomalies are present and 
a 20-30% probability that there is a major anomaly (congenital heart 
disease, renal, CNS, limb) if 3 minor anomalies are present. Approxi- 
mately 50% of major anomalies involve the head and neck region. The 
Centers for Disease Control and Prevention statistics for the United 
States assert that a baby is born with a birth defect every 4.5 minutes; 
in 2010, birth defects accounted for about 1 in 5 infant deaths in the 
United States. Examples and potential etiologies are noted in Table 25.3. 

Persons in the same family or ethnic groups may superficially 
resemble one another; any attempt at identifying a condition as an 
abnormality should include inspection of close relatives. Unusual mor- 
phologic findings in a child who resembles his or her parents does not 
exclude a dysmorphic condition. The parents might have variation in 
expression of the disorder or there could be additional features which 
are distinct that need to be separated from the common familial 
morphology. 


CLINICAL CLASSIFICATION 
Single-System Defects 


° Most common of all birth defects 

° Isolated to a single organ system 

e Clinically similar to organ malformations seen in syndromes due 
to common pathways and same-organ end-point 

° Examples: isolated cleft lip/palate; congenital heart disease; distal 
limb anomalies 


Association 


° Statistically ascertained nonrandom co-occurrences of multiple 
anomalies in which a single underlying cause is not identifiable. 
Usually, a diagnosis of exclusion. 

° Creates an awareness to evaluate for associated anomalies 

° <1% risk for recurrence 

° Example: VATER/VACTERL (vertebral, anal atresia, cardiac, tra- 
cheoesophageal fistula, renal anomalies, limb malformations— 
typically radial ray) (Figs. 25.5 and 25.6) 


Sequence 


° A cascade of effects from a single localized abnormality in early 
morphogenesis that results in multiple congenital anomalies 

° Example: Potter sequence secondary to renal agenesis and severe 
oligohydramnios (Figs. 25.7 and 25.8) 


Syndrome 


° The presence of multiple structural/functional defects due to a 
single cause. 

° Example: Down syndrome caused by trisomy for chromosome 21 
(Fig. 25.9) or other trisomies (Fig. 25.10 and Tables 25.4, 25.5, 
and 25.6) 


Complex 


° Denotes a malformation arising from the effects of an event affect- 
ing a single developmental field in the embryo. Typically relates to 
aberrant vasculature or vascular events 

° Example: sacral agenesis, Poland anomaly 
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FIGURE 25.3 The RAS/MAPK signal transduction pathway. The MAPK signaling pathway of protein kinases 
is critically involved in cellular proliferation, differentiation, motility, apoptosis, and senescence. The RASopa- 
thies are medical genetic syndromes caused by mutations in genes that encode components or regulators 
of the Ras/MAPK pathway (indicated by dashed lines). These disorders include neurofibromatosis type 1 
(NF1), Noonan syndrome (NS), Noonan syndrome with multiple lentigines (NSML), capillary malformation— 
arteriovenous malformation syndrome (CM-AVM), Costello syndrome (CS), cardiofaciocutaneous syndrome 
(CFC), and Legius syndrome. RAS/MAPK, RAS protein family/mitogen-activated protein kinase. (From Rauen 
KA. The RASopathies. Annu Rev Genomics Hum Genet. 2013;14:355-369.) 
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FIGURE 25.4 Causes of Congenital Malformation. (From Nussbaum 
RL, etal. Thompson and Thompson Genetics in Medicine. 8th ed. 
Philadelphia: Elsevier; 2016.) 


DYSMORPHIC EVALUATION 


The first step toward a dysmorphic evaluation is an index of suspicion. 
In a neonate with birth defects, this is often a logical step, but in a child 
with failure to thrive or short stature, someone has to initiate a more 
detailed evaluation for a syndromic entity or it will be delayed. It is not 


uncommon for a young female to be diagnosed with monosomy X 
(Turner syndrome) when she fails to enter puberty. 


Components of Dysmorphic Evaluation 

Detailed History 

e A family health history (3-generation pedigree analysis) (Figs. 25.11 
and 25.12) (about 5% of children have a biologic father who is not 
the reported partner) 

e Pregnancy history with detail to exposures (teratogens) and general 
health (gestational diabetes) 

e Birth history and neonatal status 

e Participation in state newborn screening 

° General growth and developmental history; regression is very impor- 
tant to document 

° Complete medical history, including details of the minutiae of 
symptom presentation and progression 
Some sensitivity surrounding the history taking should be exercised 

as it is common for a parent to perceive responsibility for the out- 

comes. Most birth defects occur sporadically without a family history. 

Autosomal recessive disorders typically happen in 1 or more siblings 

without a family history; many autosomal dominant conditions occur 

as new mutations. Sex-linked conditions may have no prior family 

occurrence or an occurrence identified in a remote relative such as the 

maternal grandmother’s brother. 
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TABLE 25.3 Causes of Congenital Malformations 


Monogenic (7.5% of Serious Anomalies) 
X-linked hydrocephalus 


Achondroplasia 
Ectodermal dysplasia 
Apert disease 

Treacher Collins syndrome 


Chromosomal (6% of Serious Anomalies) 
Trisomies 21, 18, 13 


XO, XXY 
Deletions 4p- 5p—, 7q—, 13q—, 18p—, 18q—, 22q— 
Prader-Willi syndrome (50% have partial deletion of chromosome 15) 


Maternal Infection (2% of Serious Anomalies) 
Intrauterine infections (e.g., herpes simplex, CMV, varicella-zoster, rubella, 
and toxoplasmosis) 


Maternal Illness (3.5% of Serious Anomalies) 
Diabetes mellitus 


Phenylketonuria 
Hyperthermia 


Uterine Environment (% Unknown) 


Deformation 
Uterine pressure, oligohydramnios: clubfoot, torticollis, congenital hip 
dislocation, pulmonary hypoplasia, 7th nerve palsy 


Disruption 
Amniotic bands, congenital amputations, gastroschisis, porencephaly, 
intestinal atresia 


Twinning 
Conjoined twins, intestinal atresia, porencephaly 


Environmental Agents (% Unknown) 
Polychlorinated biphenyls 


Herbicides 


Mercury 
Alcohol 


Medications (% Unknown) 
Thalidomide 


Diethylstilbestro| 
Phenytoin 

Warfarin 

Cytotoxic drugs 
Isotretinoin (vitamin A) 
p-Penicillamine 
Valproic acid 


Unknown Etiologies 


Polygenetic 
Anencephaly/spina bifida 


Cleft lip/palate 
Pyloric stenosis 
Congenital heart disease 


Imprinting of Genes 
Prader-Willi syndrome 


Beckwith—Wiedemann syndrome 


Sporadic Syndrome Complexes (Anomalads) 
CHARGE syndrome 


VATER syndrome 
Pierre Robin syndrome 
Prune-belly syndrome 


Nutritional 
Low folic acid—neural tube defects 


CMV, cytomegalovirus; CHARGE, coloboma, heart defects, atresia choanae, retarded growth, genital anomalies, ear anomalies (deafness); 
VATER, vertebral defects, anal atresia, tracheoesophageal fistula with esophageal atresia, and radial and renal anomalies. 
From Behrman RE, Kliegman RM. Nelson Essentials of Pediatrics. 4th ed. Philadelphia: Saunders; 2002:148. 


Family health history. It is customary to start with the siblings of 
the patient (the proband), proceed to the parents and the parents’ 
siblings and their children, and then consider the 4 grandparents 
and their siblings. This approach is more helpful than the generic 
question, “Does anyone in the family have anything like this?” Many 
parents may be unaware of neonatal deaths in older relatives (the pro- 
band’s grandparents or uncles and aunts). Most people are unfamiliar 
with the term consanguinity, but the examiner can ask whether there 
are ancestors in common or inquire about the place of origin and 
the size of the community from which the families derive. Maiden 
names of women should always be noted. Self-identified, remote 
ancestry may help identify a fruitful area to investigate because 
certain conditions may be more common in certain ethnic popula- 
tion groups. Consanguinity refers to couples who have ancestors in 
common within 2 or 3 generations, whereas group identity is not 
consanguinity. 


Pregnancy and birth history. Maternal health and concurrent 
illness with treatment is a critical part of the evaluation. Details of 
participation in prenatal screening programs and prenatal evaluations 
can help resolve uncertainties that arise during the evaluation. On 
occasion, a discrepancy is discovered between an ultrasound report 
and a neonatal clinical finding: for example, a “normal” cerebellum 
reported at 17 weeks of gestation and absence of the cerebellum at 
term. Before concluding that some process happened between 17 and 
40 weeks of gestation, it is important to review the actual studies done 
at 17 weeks. This type of investigation can help pinpoint the timing of 
in utero problems or can eliminate erroneous hypotheses if the study 
of the fetus at 17 weeks was actually incomplete or inconclusive. Viral 
and other infectious illnesses and rashes are germane to note, as are 
times of exposure during the pregnancy. Parvovirus B19, rubella virus, 
cytomegalovirus, Toxoplasma species, herpes simplex virus, varicella 
virus, and Treponema pallidum (syphilis) are microorganisms that can 
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FIGURE 25.5 VATER association as initially set forth. A, Young infant with vertebral anomalies, anal atresia, 
esophageal atresia with tracheoesophageal fistula, radial aplasia on the left, and thumb hypoplasia on the 
right. B, Relative frequencies of some of the other VATER association defects when the patient is ascertained 
by virtue of having 1 of the defects. C, Same patient at 2 years of age, with normal intelligence. (From Jones 
KL, Jones MC, Del Campo M, eds. Smith's Recognizable Patterns of Human Malformation. 7th ed. Phila- 
delphia: Elsevier; 2013:852.) 
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FIGURE 25.6 Left, Expanded VACTERL association of defects. Right, Note the relatively severe thumb 
(radial) defect of the right hand and the much more subtle “radial” defect of the left hand (arrow). The arrow 
depicts a hypoplastic thenar eminence and crease. (From Jones KL, Jones MC, Del Campo M, eds. Smith's 
Recognizable Patterns of Human Malformation. 7th ed. Philadelphia: Elsevier; 2013:853.) 
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FIGURE 25.7 A-C, The consequences of renal agenesis. Note the multiple deformational defects in B, and 
the amnion nodosum (brown-yellow granules from vernix that have been ribbed into defects of the amniotic 
surface) in C. (From Jones KL, Jones MC, Del Campo M, eds. Smith’s Recognizable Patterns of Human 
Malformation. 7th ed. Philadelphia: Elsevier; 2013:821.) 
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FIGURE 25.8 A, This diagram demonstrates the etiologically Poul moni on | T 
heterogeneous phenotype that results from fetal akinesia. B, a S MERRER E s EE 


This infant was born with myotonic dystrophy to a mother with 
the same condition. He had multiple joint contractures with thin 
bones and respiratory insufficiency. C, This infant was immobi- 
lized in a transverse lie after amnion rupture at 26 weeks. D, 
This fetus had bilateral renal agenesis resulting in oligohydram- 
nios. (From Graham JL. Smith's Recognizable Patterns of 
Human Malformation. 3rd ed. Philadelphia: Elsevier; 2007:287; 
Figure 47-2.) 
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FIGURE 25.9 Facial appearance of a child with Down syndrome. (From 
Wiedemann HR, Kunze J, Dibbern H. Atlas of Clinical Syndromes: A 
Visual Guide to Diagnosis. 3rd ed. St. Louis: Mosby; 1989.) 
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FIGURE 25.10 Facial appearance of a child with trisomy 13. (From 
Wiedemann HR, Kunze J, Dibbern H. Atlas of Clinical Syndromes: A 
Visual Guide to Diagnosis. 3rd ed. St. Louis: Mosby; 1989.) 


TABLE 25.4 Clinical Findings That May Be Present with Trisomy 21 


Stature smaller than that of peer age group 

Developmental delays 

Congenital heart disease (e.g., endocardial cushion defect and ventricular 
septal defect) 

Structural abnormalities of the bowel (e.g., tracheoesophageal atresia, 


duodenal atresia, annular pancreas, duodenal web, and Hirschsprung 
disease) 

Central hypotonia 

Brachycephaly 

Delayed closure of fontanels 

Small midface, hypoplastic frontal sinuses, myopia, and small (short) ears 


Lax joints, including laxity of the atlantoaxial articulation (the latter 
predisposing the patient to C1—C2 dislocation) 

short, broad hands, feet, and digits; single palmar crease, clinodactyly 

Exaggerated space between 1st and 2nd toes 

Velvety, loosely adhering mottled skin (cutis marmorata) in infancy; coarse, dry 
skin in adolescence 

Statistically increased risk for leukemia, Alzheimer disease, hypothyroidism 


*An individual may exhibit any combination of these findings. There is no correlation between the number of physical findings and eventual level 
of mental performance. The increased risk for leukemia is significant, but probably no >1% for any individual. Alzheimer disease is relatively 
common in persons with trisomy 21 who die in middle adult life, but its frequency in all adults with Down syndrome is not known. 

From Behrman RE, Kliegman RM. Nelson Essentials of Pediatrics. 4th ed. Philadelphia: Saunders; 2002:142. 


be teratogenic or affect organ function. Fetal exposure to these organ- 
isms at a vulnerable time can be critical; conversely, exposures after 
formation of an organ are not expected to have a morphologic effect 
on the organ. Perinatal anoxia is often blamed for infants’ problems, 
but infants with a syndrome or genetic condition may be predisposed 
to perinatal problems, including fetal distress or neonatal adaptive 
difficulties. 

Developmental history. A developmental history establishes the 
pattern for acquisition of developmental milestones. A screening tool 
such as the Denver Developmental Assessment Test can assist in the 
evaluation of younger children. It is important to establish whether a 
child is making progress, remaining static, or showing signs of 


developmental regression by losing landmarks of development. The 
last possibility is the most ominous for prognosis and warrants aggres- 
sive evaluation for diagnosis and possible treatment. 

Prior medical concerns including all evaluations and investigations 
to date should be reviewed. It is often necessary to delay the initial 
consult so that past medical records can be made available for thor- 
ough review. 


Examination 

The details of morphology are documented in much more detail than 
is ordinarily the case in a general physical examination. Diagnosis is 
often based on the language used in the description. Even if a diagnosis 


TABLE 25.5 Ultrasonographic and Pathologic Findings of Trisomic Conditions 


Abnormality Trisomy 21 Trisomy 18 Trisomy 13 
IUGR + ++ 
CNS abnormalities = An 


Holoprosencephaly — 


Mild ventricular dilatation 
Agenesis of the corpus callosum 
Dandy—Walker variant 

Spina bifida, NTD 

Face 

Cyclopia 

Cleft lip or palate 
Microphthalmia 

Duodenal atresia 

Esophageal atresia 

Cardiac defects 

Echogenic intracardiac foci 
Diaphragmatic hernia 

Cystic hygroma 

Hydrops 

Omphalocele 

Echogenic bowel 

Short femur or humerus 

Radial aplasia or limb reduction 
Clenched hands or wrists 
Polydactyly 

Club feet or rocker-bottom feet 
Renal abnormalities 

Choroid plexus cysts 

Single umbilical artery 


IUGR, intrauterine growth restriction; CNS, central nervous system; NTD, neural tube defect. 


|| | jj 1 | 


+ + + ++ Í Í 


I a eal fe 


From Nyberg DA, Souter VL. Sonographic markers of fetal aneuploidy. Clin Perinatol. 2002:27:762. 


TABLE 25.6 Findings That May Be Present in Trisomy 13 and Trisomy 18 


Trisomy 13 


Head and face Scalp defects (e.g., cutis aplasia) 
Microphthalmia, corneal abnormalities 
Cleft lip and palate in 60-80% of cases 
Microcephaly 
Microphthalmia 
Sloping forehead 
Holoprosencephaly (arhinencephaly) 
Capillary hemangiomas 
Deafness 


Chest Congenital heart disease (e.g., VSD, PDA, and ASD) in 80% of cases 


Thin posterior ribs (missing ribs) 


Extremities Overlapping of fingers and toes (clinodactyly) 


Polydactyly 
Hypoplastic nails, hyperconvex nails 


General severe developmental delays and prenatal and postnatal growth 
retardation 
Renal abnormalities 
Nuclear projections in neutrophils 
Only 5% live >6 mo 


ASD, atrial septal defect; PDA, patent ductus arteriosus; VSD, ventricular septal defect. 


Trisomy 18 


small and premature appearance 

Tight palpebral fissures 

Narrow nose and hypoplastic nasal alae 
Narrow bifrontal diameter 

Prominent occiput 

Micrognathia 

Cleft lip or palate 

Microcephaly 


Congenital heart disease (e.g., VSD, PDA, and ASD) 
short sternum, small nipples 


Limited hip abduction 

Clinodactyly and overlapping fingers; index over 
3rd, 5th over 4th; closed fist 

Rocker-bottom feet 

Hypoplastic nails 


severe developmental delays and prenatal and 
postnatal growth retardation 

Premature birth, polyhydramnios 

Inguinal or abdominal hernias 

Only 5% live >1 yr 


From Behrman RE, Kliegman RM. Nelson Essentials of Pediatrics. 4th ed. Philadelphia: Saunders; 2002:142. 


is not clear, the description is the starting point of the evaluation. It is 
helpful to have an anatomic outline for assessing morphology in an 
orderly and systematic manner. 

There are few opportunities to follow a predetermined flow for the 
examination in most young children, but it is important to maintain 
a level of structure to the data collection process so as not to overlook 
a critical finding. It is also good practice to obtain photographs of the 
face with frontal and side profiles for later reflection and utilization of 
newer facial recognition tools. 


go 
Q Affected individual 


[o] Carrier (heterozygote) 


FIGURE 25.11 Pedigree showing affected individuals and carriers. 
(From Marcdante KJ, Kliegman RM. Nelson Essentials of Pediatrics. 7th 
ed. Philadelphia: Elsevier; 2015:147; Figure 47-1.) 
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Initial Inspection 


General observation of the patient is important. The office visit is a 
small snapshot in the life of the person being evaluated. Subtle move- 
ments, behaviors, and social interactions may be key to the underlying 
diagnosis. Children with Williams syndrome are exceptionally sociable 
with verbose language skills and frequently have a coarse character to 
their voice, whereas on the opposing end, children with autism may 
not permit you to perform a complete physical examination and the 
greatest opportunity to evaluate movements and physical traits is while 
you are initially interviewing the parents or caregivers. 


Anthropometrics 


The Centers for Disease Control and Prevention has published growth 
curves for children and adolescents that are based upon a heteroge- 
neous U.S. population more representative of various ethnic and 
ancestral groups than were previous charts. There are separate curves 
for height, weight, head circumference, and stature for boys and girls 
aged 0-36 months, and there are corresponding curves for boys and 
girls aged 2-18 years, in addition to curves for body mass index, but 
without curves for head circumference. There are also references for 
anthropometric measurements of various body parts from the fetus to 
adult age. If a child’s measurements are discrepant from the norms— 
that is, over the 97th percentile or under the 3rd percentile—tt is possible 
to transpose the actual measurement up or down to the 50th percentile 
on the same line to determine the height age or weight age equivalent. 
Height can be plotted versus weight on the stature curve to determine 
whether these parameters are proportional. Thus, a child can be identi- 
fied as small or tall for age and appropriate or inappropriate in weight 
(either too heavy or too thin) for height. A child with short stature and 
proportionate weight has proportionate short stature. Head growth is 
an important factor in assessing brain growth as well as skull growth 
generations 
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FIGURE 25.12 Symbols commonly used in pedigree charts. Although there is no uniform system of pedi- 
gree notation, the symbols used here are according to recent recommendations made by professionals in 
the field of genetic counseling. (From Nussbaum RL, McInnes RR, Willard HF, eds. Thompson and Thompson 
Genetics in Medicine. 8th ed. Philadelphia: Elsevier; 2016:109.) 


and suture closure. Abnormally small head size (microcephaly) and 
abnormally large head size (macrocephaly) are considered in propor- 
tion to stature with consideration for chronologic age. A child 7 years 
of age but with a height age of 4 years and proportionate weight and 
head circumference does not truly have microcephaly but proportion- 
ate short stature. Standardized tables exist in various reference resources 
for several ethnic groups that allow for assessment across racial bar- 
riers. Additionally standardized charts exist for known syndromes so 
that normal growth can be appropriately evaluated in a child with a 
known diagnosis. 

A helpful diagnostic assessment for children of discrepant size is 
the bone age, determined by radiograph: generally of the left hand and 
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wrist, according to the standards of Gruleich and Pyle, but occasionally, 
for infants, by radiograph of the hemiskeleton. 

The data collection should include the following highlights with 
more detail completed as needed. 


H a 7 el dar el Al, ~ - 


e Hair: distribution, texture, pigmentation, low posterior hairline 
(Fig. 25.13) 

° Skull: shape, fontanel 

° Neck: mobility, adenopathy, thyroid, embryonic remnants (bran- 
chial arch) 


FIGURE 25.13 Turner syndrome. A-C, Note prominent ears, loose folds of skin in posterior neck with low 
hairline, broad chest with widely spaced nipples. (Courtesy Dr. Lynne M. Bird, Children’s Hospital, San Diego; 
From Jones KL, Jones MC, Del Campo M, eds. Smith’s Recognizable Patterns of Human Malformation. 7th 


ed. Philadelphia: Elsevier; 2013:81.) 


Face 


° Forms the largest and most important aspect of the dysmorphic 
evaluation. 


General “Rules” 


° 1/3s=forehead-nasion : nasion-subnasale : subnasale-chin = 1:1:1 

° Perpendicular from pupils should meet corners of mouth 

° Inner canthal distance should allow space for an additional eye (on 
magnetic resonance imaging [MRI] space between globes should 
allow an additional globe) 

° Top of ear should align with eyebrow/line through pupils should 
align with root of outer helix. 

° Forehead: slope, breadth, height, prominence 

° Eyebrows: thickness/fullness, arch 

° Eye: distance (hyper- or hypotelorism), color, pupil shape, presence 
of epicanthus or telecanthus, alignment (up- or down-slanting) 

° Ears: overall shape/architecture, position, rotation, pits, creases, 
hearing 

° Nose: root, bridge, tip, columella, nasolabial fold, alae nasi, 
philtrum 

° Mouth: lips thickness and shape, lip pits, mucosal lesions, dental 
alignment, dentition, palate, uvula 

° Chest: shape, pectus, nipples, breathing 

° Abdomen: organomegaly, masses, hernia 

e Genitalia: structure, size, Tanner stage, anus, and perineum 

e Musculoskeletal: spine alignment, joint mobility (Fig. 25.14 and 

Table 25.7), proportions, finger length, palmar surfaces, nail health. 
° Neurologic evaluation: complete including development, behavior 

and modified mini-mental examination, and observation for 

unique movements or behaviors. 

If a child has an unusual appearance and the differences do not 
seem to be familial variations as judged by observing the parents, it is 
necessary to describe how the child appears different. When the varia- 
tion is a discontinuous variable—that is, a birth defect (e.g., there is 
an extra digit on the ulnar side of each hand; there is a cleft of the lip 
on the left that extends into the left nostril, and there is a notch in the 
gum behind the cleft)—the task is easier. Such birth defects may be 
considered major abnormalities. The subtle malformations are often 
minor abnormalities, but both major and minor findings are relevant 
to diagnosis. Some conditions may be obvious on inspection alone, 
especially to an experienced observer. Typical manifestations of Down 
syndrome (Figs. 25.15 and 25.16; see also Tables 25.4 and 25.5 and Fig. 
25.9), trisomy 13 or 18 (Figs. 25.17 and 25.18; see also Table 25.6 and 
Fig. 25.10), severe manifestations of Cornelia de Lange syndrome, and 
those of Williams syndrome may represent a quick diagnosis; however, 
even these classical syndromes may manifest in atypical and subtle 
ways, and careful assessment is necessary to identify them. The expec- 
tation that, with enough experience, a physician, even a geneticist or a 
dysmorphologist, can unerringly identify every case of a common 
syndrome (even one so common and well known as trisomy 21) is not 
true. Human diversity is so great that even the most experienced clini- 
cians are glad for confirmatory tests. Most cases of trisomy 21 can be 
identified by inspection, but there is not the same degree of certainty 
about every dysmorphic patient. 


ASSEMBLING THE DATA 


After the history and examination are complete, the abnormal findings 
are listed. In general, the order is in a sequence ranked by perceived 
importance. In determining the order, the clinician may consider 
the magnitude of the deviation, but uniqueness is important in 
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differentiating conditions. Subtleties can be significant; for example, 
inverted nipples (common in carbohydrate-deficient glycoprotein 
syndrome) or redundant umbilical skin (in company with abnormal 
anterior chamber of the eye and abnormally shaped teeth in Rieger 
syndrome) can be very helpful in identifying a condition. 

The description of history and morphology becomes the working 
diagnosis. Even if the clinician cannot find a match in the standard 
references concerning the syndrome identification, a descriptive diag- 
nosis is invaluable for providing the constellation of findings that 
delineate the problems. 


MINIMAL DIAGNOSTIC CRITERIA 


The key phenotypic elements of a syndrome, which unquestionably 
identify it and differentiate it from all other similar conditions, have 
been termed the minimal diagnostic criteria. In the absence of a defini- 
tive laboratory test, establishing the diagnostic criteria is a logical and 
ideal goal for achieving uniformity of diagnosis. 

Unfortunately, minimal diagnostic criteria are difficult to decide 
upon and are enumerated for only a few conditions. Reasonably suc- 
cessful efforts for identifying diagnostic criteria for 2 relatively common 
conditions, neurofibromatosis type 1 (NF1) (Table 25.8) and Marfan 
syndrome (Table 25.9), have been achieved and updated through con- 
sensus conferences. The molecular abnormalities for each condition 
have been identified, but the absence of a molecular result does not 
exclude the diagnosis, and in the case of Marfan syndrome, the molec- 
ular finding itself is not sufficient for a diagnosis. 

In NF1, a family history that includes an affected parent is a major 
help (and major criterion) for diagnosis. When there is no positive 
family history, an index case requires additional criteria. The criteria 
are quite specific and include easily documented findings. However, 
criteria do not include learning disabilities, intellectual disability, sco- 
liosis, short stature, asymmetric limb growth, endocrine and neuroen- 
docrine tumors, hypertension, or epilepsy, any of which may be present 
in NF1. These conditions are germane but not unique to NF1. 

The concept of minimal diagnostic criteria is laudable but difficult 
to achieve. When available, the minimal diagnostic criterion is the 
confirmatory laboratory test; however, the confirmatory laboratory 
test does not necessarily define the parameters of the phenotype of the 
syndrome as is noted in the example of Marfan syndrome and FBN1 
gene variants. 


TOOLS TO ASSIST THE DIAGNOSTIC ODYSSEY 


Reference books on syndromology, human malformations, and defor- 
mations are excellent resources for assistance with diagnosis; however, 
most illustrations in texts focus on individuals with the most exagger- 
ated findings to illustrate the condition. Birth defects are discrete (dis- 
continuous) variables, but human features occur in a continuum. 
Diagnosis becomes a process of identifying the variables by a system- 
atic evaluation of the entire individual. 

Technology has eliminated some of the art forms once common 
practice (e.g., dermatoglyphics or the analysis of finger and palm ridge 
patterns). 

The advent of broader molecular screening tools for diagnosis has 
limited the initial quest for a clinical diagnosis as the relatively high 
prevalence of copy number variations (microdeletion/duplication dis- 
orders) has established chromosome microarrays as the first-line stan- 
dard of care in the evaluation of a child with multiple congenital 
anomalies, developmental delays, or autism spectrum behaviors. 
This is supported by the American College of Medical Genetics as 
well as the U.S. Food and Drug Administration (FDA). Common 
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FIGURE 25.14 Beighton Hypermobility Score. A, Passive dorsiflexion of the fifth metacarpophalangeal joint. 
Score is positive if >90 degrees (bilateral testing). B, Passive hyperextension of the elbow. Score is positive 
if >10 degrees (bilateral testing). C, Passive hyperextension of the knee. Score is positive if >10 degrees 
(bilateral testing). D, Passive apposition of the thumb to the flexor side of the forearm, while the shoulder 
is 90 degrees flexed, elbow extended, and hand pronated. Score is positive if the whole thumb touches the 
flexor side of the forearm (bilateral testing). E, Forward flexion of the trunk with the knees straight. Score 
is positive if the hand palms rest easily on the floor. (From Smits-Engelsman B, Klerks M, Kirby A. Beighton 
score: a valid measure for generalized hypermobility in children. J Pediatr. 2010;158:119-123.) 
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TABLE 25.7 9-Point Beighton Score of Hypermobility 


Description 
Passive dorsiflexion of the 5th metacarpophalangeal Joint to >90 degrees 


Passive hyperextension of the elbow >190 deg in females and >180 deg in males 
Passive hyperextension of the knee >190 deg in females and >180 deg in males 


Bilateral Testing Scoring (Max. Points) 


Yes 


Yes 


2 
Yes Z 
2 
2 


Passive apposition of the thumb to the flexor side of the forearm, while the shoulder is flexed 90 Yes 


degrees, elbow is extended, and hand is pronated 


Forward flexion of the trunk, with the knees straight, so that the hand palms rest easily on the floor No 


Total 


FIGURE 25.15 Characteristic dermal patterns of the palm of a child 
with Down syndrome: a single flexion crease (Simian crease), axial tri- 
radius (arrowhead) in distal position, a pattern area on the palm between 
the third and fourth digits, and ulnar loops on all 10 digits. (From Nuss- 
baum RL, McInnes RR, Willard HF. Thompson and Thompson Genetics 
in Medicine. 6th ed. Philadelphia: Saunders; 2001:160.) 


Ç : $ % 
FIGURE 25.17 Trisomy 18: Overlapping finger and hypoplastic nails. 


(From Wiedemann HR, Kunze J, Dibbern H. Atlas of Clinical Syndromes: 
A Visual Guide to Diagnosis. 3rd ed. St. Louis: Mosby; 1989.) 


FIGURE 25.16 “Prehensile” foot in a 1-month-old child. (From Wiede- 
mann HR, Kunze J, Dibbern H. Atlas of Clinical Syndromes: A Visual 
Guide to Diagnosis. 3rd ed. St. Louis: Mosby; 1989.) 


FIGURE 25.18 Trisomy 18: Rocker-bottom feet (protruding calcanei). 
(From Wiedemann HR, Kunze J, Dibbern H. Atlas of Clinical Syndromes: 
A Visual Guide to Diagnosis. 3rd ed. St. Louis: Mosby; 1989.) 
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(See Nelson Textbook of Pediatrics, p. 3179.) 


TABLE 25.8 Diagnostic Criteria for 
Neurofibromatosis Type 1 


. Family history (an affected parent) 
. 6 or more café-au-lait spots 
>0.5 cm in prepubertal children 
>1.5 cm in postpubertal children 
. 1 or more plexiform neurofibromas 
. 2 or more neurofibromas 
. Freckling of the armpits or in skin folds 
. 2 or more Lisch modules of the iris 
. Optic glioma 
. Osseous dysplasia of the sphenoid bone and/or long bones 


*There must be positive findings in 2 or more categories. 

From National Institutes of Health Consensus Developmental 
Conference. Neurofibromatosis conference statement. Arch Neurol. 
1988;45:575. 


chromosomal deletion and duplication disorders can be identified in 
this way (Table 25.10). 

Utilization of specific genetic databases such as POSSUM (Pictures 
of Standard Syndromes and Undiagnosed Malformations) or LMD 
(London Medical Databases) relies on cross-referencing the presence 
of specific dysmorphologic features to create differential diagnoses. 
These resources, however, require an annual subscription and are 
curated by affiliated academic programs. Free resources that use the 
standardized ontologic nosology include OMIM (Online Mendelian 
Inheritance in Man; http://www.omim.org/) and Phenomizer (http:// 
compbio.charite.de/phenomizer/), which similarly allow the end user 
to generate lists of potential diagnoses. 

Novel technologic approaches such as utilization of facial recognition 
software in order to generate possible differential diagnoses are being 
developed and are playing an increasingly important role as experienced 
dysmorphologists become an endangered species. The most successful 
implementation of a mobile application called Face2Gene (http:// 
www.fdna.com/face2gene/). This software is compliant with the Health 
Insurance Portability and Accountability Act (HIPAA) and gaining more 
acceptance as a powerful clinical tool in the dysmorphic evaluation as it 
utilizes facial heat mapping signatures to generate visual differential 
diagnoses that allow complex database analysis using standardized 
ontology to search clinical findings in OMIM, LMD, and POSSUM. 


Genetic Testing 


The catalog of available tests has expanded exponentially over the past 
decade, and as large-scale sequencing becomes more accessible and 
affordable, genomic analysis is not far away from becoming standard 
of care. The primary limitation of this testing is our current ability to 
interpret all the variation and to connect relevance of this variation to 
the clinical phenotype being evaluated. It thus remains important 
to collect and identify crucial/significant data elements that assist in 
the interpretation of the tests ordered. Broad panels encompassing 
common phenotypes are available for complex heterogeneic disorders 
such as epilepsy or cardiomyopathy. To assist in the identification of 
laboratories offering specific testing, a company offering global labora- 
tory listing was established (https://www.genetests.org/). 

Testing itself should be judiciously selected to confirm a diagnosis 
or gather more information to enable a diagnosis to be formulated. 
Before any laboratory or imaging testing is done, the examiner should 
address the question “Does the description correlate with a described 
condition or syndrome?” Often, the working diagnosis is the succinct 
and relevant description of the child, which amounts to a list of 
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TABLE 25.9 Revised Ghent Criteria for the 
Diagnosis of Marfan Syndrome 


The revised criterion place more emphasis on aortic root dilatation/ 
dissection and ectopia lentis 
l: In the absence of family history: MFS DX if: 
(1) Aortic root dilated/dissected (Z >2) AND Ectopia Lentis (EL)* 
(2) Aortic root dilated/dissected (Z >2) AND FBN1 
(3) Aortic root dilated/dissected (Z >2) AND Syst (=7 points)* 
(4) Ectopia Lentis with normal aortic root AND FBN1 mutation 
associated with Aortic root dilated/dissection 
: In the presence of family history: MFS DX if: 
(5) EL AND FH of MFS 
(6) Systemic feature score (27 points) AND FH of MFS* 
(7) Ao (Z =2 above 20 years old, >3 below 20 years) + FH of MFS* 
“Caveat: without discriminating features of Shprintzen—Goldberg 
syndrome, Loeys—Dietz syndrome, or Vascular EDS AND after TGFBR1/2, 
collagen biochemistry, COL3A1 testing if indicated. 
(Other conditions/genes will emerge with time.) 
Scoring of systemic features: Max total: 20 points; score 27 points 
indicates systemic involvement 
Wrist AND thumb sign [3] (wrist OR thumb sign [1]) 
Pectus carinatum deformity [2] (pectus excavatum or chest 
asymmetry [1]) 
Hindfoot deformity [2] (plain pes planus [1]) 
Pneumothorax [2] 
Dural ectasia [2] (sensitive, but not specific; not considered equal to 
lens dislocation or aortic root enlargement) 
Protrusio acetabuli [2] AP Pelvis: medial protrusion of the acetabulum 
at least 3-mm beyond the ilioischial line 
LUS/LS** AND Tarm span/height (>1.05) AND no severe scoliosis [1] 
Scoliosis (>2 degrees) or thoracolumbar kyphosis [1] 
Reduced elbow extension [1] 170 degrees or less upon full extension 
Facial features (3/5) [1] (dolichocephaly, enophthalmos, downslanting 
palpebral fissures, malar hypoplasia, retrognathia) 
Skin striae [1] (abnormal position or excessive) 
Myopia > 3 diopters [1] 
Mitral valve prolapse (all types) [1] 
US/LS** (normal upper to lower segment ratios) 
White adults, 0.85; black adults, <0.78 
Children 0—5 yo <1; 6—7 yo <0.95; 8-9 yo <0.9 


Major Differential Diagnoses 

Ectopia Lentis syndrome: EL with or without Syst AND with an FBN1 not 
known with Ao or no FBN1 

MASS phenotype: Ao (Z < 2) AND Syst (=5 with at least 1 skeletal feature) 
without EL 

Mitral Valve Prolapse syndrome: MVP AND Ao (Z <2) AND Syst (<5) 
without EL 

Differential expanded, conditions with: 

aortic aneurysms: LDS, bicuspid aortic valve, familial thoracic aortic 
aneurysm, vEDS, arterial tortuosity 

ectopia lentis: ectopia lentis syndrome, Weill-Marchesani syndrome, 
homocystinuria, Stickler syndrome systemic features: Shprintzen—Goldberg 
syndrome, CCA, LDS, MASS phenotype and MVPS 


Ao, aortic root dilatation/dissection; AP, anteroposterior; CCA, 
Congenital Contractural Arachnodactyly; DX, diagnosis; EDS, 
Ehlers-Danlos syndrome; FH, family history; LDS, Loeys-Dietz 
syndrome; LS, lower segment; MASS, Mitral valve, myopia, Aorta, 
Skin and Skeletal features; MVPS, Mitral Valve Prolapse syndrome; 
Syst, systemic feature score; US, upper segment; vEDS, Vascular 
type of Ehlers-Danlos syndrome; yo, years old. 

From Loeys BL, Dietz HC, Braverman AC, et al. The revised Ghent 
nosology for the Marfan syndrome. J Med Genet. 2010;47:476-485. 
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TABLE 25.10 Some Chromosomal Deletion Syndromes for Which There Ils a Commercially 
Available DNA Probe for Fluorescent In Situ Hybridization Analysis 


Condition Brief Description 


Williams syndrome 


Proportionate short stature, mild—moderate to severe intellectual disability, cocktail patter for 


conversation, stellate pattern of iris pigmentation, supravalvular aortic stenosis, recessed nasal 


bridge, and wide mouth with full lips 


WAGR syndrome 


Prader—Willl syndrome 
Angelman syndrome 


Wilms tumor, aniridia, growth delay, intellectual disability, and genitourinary anomalies 


Distinct syndromes with common or overlapping areas of deletion; phenotype depends on gender of 
the parent of origin of the deletion. Prader—Willi syndrome: hypotonia in infancy, short stature, 


obesity, mild—moderate and occasionally, severe intellectual disability, small hands and feet 

(caused by paternal deletion of 15q11-13 or maternal uniparental disomy for chromosome 15). 
Angelman syndrome: severe intellectual disability, absence of speech, ataxia, tremulous movements, 

large mouth, frequent drooling (caused by maternal deletion of chromosome 15q11-13 or paternal 


uniparental disomy) 
smith—Magenis syndrome 


Brachycephaly, prognathism, self-destructive behavior, wrist biting, pulling out nails, head banging, 


17p11.2 


indifference to pain, severe intellectual disability, hyperactivity, social behavior problems 


Miller—Dieker syndrome 


Microcephaly, narrow temples, hypotonia/hypertonia, abnormal posturing, seizures, severe to 17p13 


profound intellectual disability, poor growth, lissencephaly and other brain abnormalities on CT 


or MRI 

Velocardiofacial (VCF) syndrome 
(overlaps with DiGeorge syndrome) 
immunoglobulin deficiency 


VCF: cleft palate, congenital heart disease, learning and/or behavior problems, long face, prominent 22q11 
nose, limb hypotonia, slender hands with tapering fingers. DiGeorge syndrome: T cell deficiency, 


CT, computed tomography; MRI, magnetic resonance imaging; WAGR, Wilms tumor, aniridia, genitourinary anomalies, and mental retardation. 


TABLE 25.11 Genetics Developmental 
Delay Evaluation 


Tier One Acylcarnitine profile 

Amino acids (plasma) 

Ammonia 

Urine organic acids 

Ceruloplasmin 

Copper (blood}—if abnormal repeat with 24 hr 
urine 

DNA microarray 

Homocysteine (blood) 

Lactic acid and Pyruvic acid (blood) to determine 
lactate : pyruvate ratio in mitochondrial disorders 


Tier Two Mucopolysaccharides screen 

Congenital disorders of carbohydrate glycosylation 
Chromosome Fragile X 

Prader—Willi and Angelman (methylation testing) 
Creatine/guanidinoacetate (blood) 
Creatine/guanidinoacetate (urine) 

Purine pyrimidine panel (urine) 

Very long chain fatty acids (blood) 


findings arranged in order of importance or significance from the 
perspective of the examiner. 

A further advance in molecular understanding is the identification 
of metabolic disorders that are associated with intellectual disability 
but have proven treatments. The publication by Dr. van Karnebeel: The 
Treatable Intellectual Disability (www.treatable-id.org) digital tool to 
enhance diagnosis and care for rare diseases impacted the initial testing 
recommendations for children with intellectual disability, and recom- 
mendations for initial evaluations as listed in Tables 25.11 and 25.12 


TABLE 25.12 Genetic Testing in 
Congenital Heart Disease 


What to Order 
Karyotype 


Patient Features 


CHD with features suggestive of 
trisomy 21 or 45X 


CHD with features of trisomy 13 or 18 STAT chromosome FISH 
21/18/13 

Conotruncal congenital heart lesion DNA microarray 

Interrupted aortic arch 

Pulmonary atresia with ventricular 

septal defect 

Tetralogy of Fallot 

Truncus arteriosus 

Malaligned ventricular septal defect 

and/or features typical of 22q11.2 


deletion syndrome 


Heterotaxy DNA microarray 
Next generation sequencing 


heterotaxy panel 


CHD with or without dysmorphic 
features/multiple anomalies 


DNA microarray 


CHD, congenital heart disease; FISH, fluorescent in situ hybridization. 


have become more broadly implemented. Thus metabolic screening 
for disorders that would not have been detected through national 
newborn screening programs is routinely used in the evaluation of 
children with intellectual disability. 

Diagnostic imaging is invaluable in assessing CNS malformations, 
cardiac structure and function, skeletal deformity, and abdominal 
organs. The rapid advances in imaging technology and resolution are 
additionally enabling functional studies as well as real-time metabolic 
analysis with spectroscopy when using MRI to study the brain. 


Bone age testing is Indicated with short stature, growth delay, or 
large stature. Complete skeletal surveys are one of the only ways to help 
delineate skeletal dysplasias but require expert interpretation. 

Specialized laboratory testing is reserved to aid specific diagnostic 
Investigation (e.g., muscle biopsy, fibroblast culture for enzyme 
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analysis, electron microscopy of arterial walls or blood butffy coat). 
These specialized tests are performed by a small number of laborato- 
ries to aid the diagnosis of rare disorders and should ideally be left to 
the expert physician. 
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An irritable infant is a challenge to the caregiver and medical provider 
and is a common presenting complaint in early infancy. An irritable 
infant is defined here as a patient younger than 1 year of age who 
according to the caregiver, cries excessively or is excessively fussy. There 
are many causes, but most irritable infants do not have significant 
underlying pathologic processes. However, there are serious entities 
that must not be missed (Table 26.1). 

Medical providers should also recognize the profound anxiety and 
stress that infant crying may place on families and other caregivers. 
Although excessive crying generally resolves with time, the family’s 
beliefs about the cause of the crying can have a lasting effect on the 
way they interact with the child and their beliefs about the infant’s 
health. Caregivers who perceived their infant’s crying as excessive or 
inconsolable described higher rates of depression, strained family rela- 
tionships, and guilt about their inability to calm the infant. Excessive 
crying may even trigger thoughts of harming the infant and is reported 
as a common trigger for child physical abuse. Additionally, infants 
with early cry-fuss problems in combination with family dysfunction 
are at higher risk for ongoing behavioral problems, highlighting the 
need for early identification and intervention in this population. 
Therefore, the provider’s response when evaluating an irritable infant 
should be focused on diagnosing potentially treatable medical condi- 
tions and on addressing the caregiver’s understanding and response 
to the crying. 


DIAGNOSTIC APPROACH 


Less than 5-10% of infants who present for medical care due to exces- 
sive crying will have a serious underlying etiology. However, a thor- 
ough medical evaluation is needed to identify the minority of infants 
with treatable issues, and in healthy infants a thorough evaluation may 
reassure caregivers. 

The initial evaluation of an irritable infant starts with a careful 
history and physical examination with the intent of ruling out poten- 
tially emergent conditions and stabilizing the patient if indicated (Fig. 
26.1). The physical examination should include a complete examina- 
tion of all body systems with the clothing removed. Table 26.2 lists 
elements of the history and physical examination suggestive of emer- 
gent and common diagnoses that may present with a chief complaint 
of crying. The history should be comprehensive, given the wide array 
of possible diagnoses to consider. The history should include questions 
about the characteristics of the cry (the time of day, duration, whether 
it is associated with feeds) and any changes to the infant’s typical crying 
pattern. Infants with a sudden increase in the frequency and duration 
of inconsolable crying compared to normal are more likely to have an 
underlying medical condition. Clinicians should also ask caregivers 
why they think the infant is crying in order to specifically address any 
fears about the infant’s health. 


Irritable Infant 


Angela L. Rabbitt 


In the majority of cases, the history and/or physical examination 
will suggest the diagnosis, which can be confirmed with the judicious 
use of laboratory and imaging studies. However, providers should be 
aware of potentially serious diagnoses that may present with vague 
symptoms of fussiness and few other signs or symptoms on physical 
examination, including neurologic conditions and certain fractures. In 
very young infants, the neurologic exam is a poor screening tool to 
detect subtle neuropathology, and intracranial injury may not be 
accompanied by external evidence of trauma. An accurate history of 
injury may be concealed or unknown to the presenting caregiver in 
cases of physical abuse, and the child may present for medical care after 
the symptoms of acute injury have resolved. In addition to questions 
about recent symptoms, medical providers should ask about any 
remote history of suspicious bruising or other injury. A history of 
previous neurologic symptoms, such as episodes of unexplained sei- 
zures, apnea, altered mental status, developmental delay, or periods of 
extreme lethargy, may suggest an occult head injury or other non- 
traumatic neuropathology. Consider a skeletal survey and/or head 
imaging in infants with this history. 

Growth parameters, including head circumference, should be 
obtained. Increasing head circumference percentile may point to 
increased intracranial pressure in infants with otherwise vague symp- 
toms. Though conditions such as constipation, gastroenteritis, and 
gastroesophageal reflux are most often benign, poor growth or devel- 
opmental delay may indicate more severe disease or that another 
medical condition is causing the symptoms. 

A urinary tract infection (UTI) may also present with vague symp- 
toms of irritability in infants. This may be one of the few conditions 
in which laboratory or imaging leads to a diagnosis in the absence of 
a suggestive clinical picture. Some suggest that a urinalysis and culture 
should be a standard screening test in infants who present with crying. 

When the history and physical examination do not suggest a diag- 
nosis, additional laboratory or radiographic evaluation may be needed. 
In particular, if the infant is ill-appearing, has evidence of poor growth 
or developmental delay, or is persistently inconsolable beyond the 
initial assessment, laboratory and radiographic studies should be done 
(Table 26.3). Patients may need to be monitored in the hospital until 
a diagnosis can be established. Some tests to consider include: 

° Acomplete blood cell count with differential, erythrocyte sedimen- 
tation rate, and/or C-reactive protein measurement (for infection 
or inflammation, sickle cell disease) 

° Analysis of cerebrospinal fluid (for meningitis or encephalitis) 

° Blood culture 

° Serum pH and complete metabolic panel, amylase, and lipase (for 
Electrolyte abnormalities, metabolic diseases, abdominal trauma) 

° Urinalysis and culture 

° Stool guaiac (for intussusception, gastroenteritis, cow’s milk allergy) 

e A skeletal survey 
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TABLE 26.1 Differential Diagnosis in the Irritable Infant 


Emergent/Urgent Diagnoses Nonemergent/Urgent Diagnoses 
Eyes, Ears, Nose, Throat 


Choanal atresia Otitis externa 
Corneal abrasion Teething 
Foreign body 
Glaucoma 
Otitis media 
Respiratory 
Airway obstruction (croup, foreign body) Upper respiratory tract infection 


Lower respiratory tract infection (pneumonia, bronchiolitis) 


Cardiovascular 


Congestive heart failure 
Supraventricular tachycardia 
Anomalous coronary artery 
Myocarditis 

Kawasaki disease 


Gastrointestinal System 


Incarcerated hernia Constipation 
Gastrointestinal obstruction (intussusception, volvulus, pyloric stenosis, Hirschsprung Uncomplicated gastroenteritis 
disease) Anal fissure 
Abdominal trauma Gastroesophageal reflux 
Peritonitis Inappropriate feeding volume or technique 


Milk or soy protein allergy 


Genitourinary System 


Testicular torsion 
Ovarian torsion 
Urinary tract infection 


Musculoskeletal System 


Osteomyelitis Minor, soft tissue injury 
Septic arthritis Discitis 
Fractures 
Skin 

Cellulitis Impetigo 
Tourniquet syndrome (digit, genitalia) Dermatitis 

Insect bites 

Minor injury 


Central Nervous System 


Encephalitis 

Meningitis 

Increased intracranial pressure (trauma, hydrocephalus, intracranial hemorrhage) 
Intracranial mass 


Miscellaneous 
Drug ingestion Vaccine reaction 
Neonatal abstinence syndrome Poor caregiver-infant interaction 
Inborn error of metabolism Normal crying 


Sepsis 
sickle cell crisis 
Physical abuse 
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Infant with 
irritability 


Supportive care as 
required (airway, 
breathing, circulation) 


Careful history and physical 
exam (consider emergent 
diagnoses first) 
(Table 26-2) 


Does history or physical 
exam suggest the 
diagnosis? 


e lll-appearing 


Consider ancillary e Inconsolable beyond initial 
testing if appropriate assessment 
(see Table 26-3) e History of unexplained poor 
growth, developmental delay 
e History of previous neurologic 
symptoms or suspicious injuries, 
or other suspicion for abuse 


Irritable Infant 


Consider ancillary 


Consider non- 
emergent diagnoses 


testing for emergent 


diagnoses 


(see Table 26-1) (see Table 26-3) 


For all diagnoses at initial presentation or at follow-up: 

e Evaluate how caregivers are coping with the crying 

e Address any fears about possible cause of crying 

e Provide education on infant crying and soothing 

e Consider referrals to support services and family therapy or 
infant mental health experts in high-risk families 


Schedule 
follow-up 


FIGURE 26.1 Initial approach to the irritable infant. 
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TABLE 26.2 Clinical Presentation of Selected Diagnoses in Infants Presenting with Crying 


Review of Systems 


Eyes, Ears, Nose, Throat 
e Pain or irritation of 1 eye 
e Chronic or intermittent tearing 


e Difficulty breathing and cyanosis during feeds; 
symptoms improve with crying 

e Otorrhea 

e Fever 

e Ear tugging 

e Decreased appetite 

e Excessive drooling 

e Decreased appetite 


Respiratory 
e Trouble breathing, cough, congestion 


Cardiovascular 

e Tachypnea and diaphoresis with feeds 
e Trouble breathing 

e Easy fatigability 

e Pallor, cyanosis 


Gastrointestinal System 
e Constipation (hard stools, <2 per wk) 


e Delayed passage of meconium, poor growth, 
vomiting 

e Vomiting 

e Poor feeding with or without poor weight gain 

e Crying associated with feeds 

e Diarrhea 

e Vomiting 

e Poor feeding 

e Abdominal pain 

e History of injury 

e No history or history of prior suspicious injury 
in abusive trauma 

e Forceful vomiting 

e Hungry between episodes of emesis 


e |mproper formula volume or mixing 
e Frustration with feeds 

e Poor latch 

e Feeding aversion 

e Poor growth 

e Vomiting 

e Excess gas 


Possible Physical Exam Findings 


Photophobia 
Tearing 


e Foreign body seen on lid inversion 
e Corneal enlargement or clouding 


Ocular enlargement 
Optic nerve cupping 
Photophobia 


Inability to pass a nasogastric tube 
Decreased air movement through nares 


Bulging or immobile tympanic membrane 
Abnormal color or perforated tympanic membrane 
Otorrhea 


Inflamed gums 
Tooth eruption 
Erythema over frenulum 


Abnormal breath sounds 
Respiratory distress 


Tachycardia 

Respiratory distress 
Poor perfusion 
Abnormal heart sounds 
Abnormal breath sounds 
Hepatomegaly 
Cardiomegaly 


Nonspecific exam 

Stool mass in left lower quadrant 
Anal fissure 

Abdominal distention 

Tight anal canal with empty ampulla 
Nonspecific exam 

Hematochezia 


Abdominal distention 
Abdominal tenderness, guarding 
Abdominal or pelvic mass 


With or without evidence of injury on exam 
Nonspecific abdominal exam 


Dehydrated 
Palpable pyloric sphincter 


Nonspecific exam 


Diagnoses to Consider 


e Foreign body 
e Corneal abrasion 
e Glaucoma 


e Choanal atresia 


e Otitis media 
e Otitis externa 


e Teething 
e Lacerated frenulum 


e Airway obstruction (foreign body, croup) 
e Pneumonia 
e Bronchiolitis 


e Congestive heart failure 

e Supraventricular tachycardia 
e Anomalous coronary artery 
e Myocarditis 


e Constipation 


e Hirschsprung disease 


e Milk and/or soy protein allergy 
e Gastroesophageal reflux disease 
e Gastroenteritis 


e Intestinal obstruction (volvulus, intussusception) 
e Peritonitis 


e Abdominal trauma 


e Pyloric stenosis 


e Inappropriate feeding volume or technique 
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TABLE 26.2 Clinical Presentation of Selected Diagnoses in Infants Presenting 


with Crying—cont'd 


Review of Systems 


Genitourinary System 
e Testicular swelling 


e Previous urinary tract infection 


Musculoskeletal System 
e Decreased movement of an extremity 
e Increased crying with movement 


Skin 

e Rash 

e Purulent drainage 
e ltching 


e Swollen appendage 


e Sudden onset of irritability 

e History of injury 

e No history of injury or prior suspicious injury 
in abusive trauma 

e Hernia 


Central Nervous System 
e Lethargy 

e Vomiting 

e Seizures 

e With or without fever 


e No history, or history of prior suspicious injury 
e Prior history of symptoms of increased 
intracranial pressure 


Miscellaneous 
e Medication administration 
e Illicit drug use by caregivers 


e Maternal drug use in a newborn 
e Poor feeding 

e Vomiting 

e Sneezing, hiccups, diarrhea 

e Poor sleep 

e Tremors 

e Seizures 

e Vomiting 

e Poor growth 

e Developmental delay or regression 
e Seizures 


Possible Physical Exam Findings 


Testicular swelling, tenderness 


Suprapubic tenderness 
Nonspecific exam 


Swelling, tenderness, warmth, erythema, pain or 
crepitus with palpation or movement 
Nonspecific exam 


Swelling, tenderness, warmth, erythema, rash 


Well-demarcated line separating normal tissue 
from a distal dusky edematous appendage 
Ligature deeply imbedded in a groove covered by 
edematous tissue 


Bruising, laceration, burns 


Dusky or nonreducible umbilical or inguinal bulge 


Abnormal neurologic exam 
Ill-appearing 

Papilledema 

Enlarged head circumference 


Nonspecific exam 

Retinal hemorrhages (present in 85% of patients 
with abusive head trauma) 

With or without other injuries 


Nonspecific exam 

Altered mental status 

Tachycardia 

Respiratory or cardiac compromise 
Seizures 


Nonspecific exam 


Dehydration and shock 
Organomegaly 

Abnormal neurologic exam 
Jaundice 

Dysmorphic features 
Abnormal odor 

Tachypnea 


Diagnoses to Consider 


e Testicular torsion 
e Urinary tract infection 


e Fractures 

e Soft tissue injury 
e Osteomyelitis 

e Septic arthritis 
e Diskitis 


e Infection 
e Dermatitis 
e Insect bites 


e Tourniquet syndrome 


e Abusive or nonabusive trauma 


e Incarcerated hernia 


e Meningitis 

e Encephalitis 

e Increased intracranial pressure (hydrocephalus, 
intracranial hemorrhage) 

e Intracranial mass 


e Abusive or nonabusive head trauma 


e Drug ingestion 


e Neonatal abstinence syndrome 


e |nborn error of metabolism 
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TABLE 26.2 Clinical Presentation of Selected Diagnoses in Infants Presenting 
with Crying—cont'd 


Review of Systems 


Miscellaneous (cont'd) 
Lethargy 
With or without fever 
Seizures 


Ill-appearing 


Infant or family history of sickle cell disease 
Trouble breathing 


Respiratory distress 
splenomegaly 


Possible Physical Exam Findings 


Diagnoses to Consider 


Sepsis 


Cardiorespiratory compromise 


Sickle cell crisis 


swelling and tenderness of the hands and feet 


Recent immunizations Nonspecific exam 
Dysfunctional or chaotic home environment 


Significant caregiver stress 


Nonspecific exam 


Content between crying bouts 
Feeding well 
Normal development 


Nonspecific exam 


° Computed tomographic (CT) scan or magnetic resonance imaging 
(MRI) of the head (for intracranial hemorrhage, mass, or 
hydrocephalus) 

° Comprehensive urine drug screen 
In the consolable infant without history or physical examination 

findings suggestive of a serious condition, nonemergent causes of 

crying are more likely (see Table 26.1). The most likely diagnosis in 

infants younger than 4 months of age is above average crying in a 

normal infant. However, because a definitive diagnosis has not been 

established, infants should receive a follow-up evaluation within 24 

hours to ensure that a more serious illness was not missed and to 

address any additional concerns or questions about the crying. This 
element is especially critical if the clinician has any doubt concerning 
the establishment of the correct diagnosis. 


ADDRESSING CAREGIVERS’ RESPONSE TO CRYING 


The distress, frustration, and anxiety that persistent or inconsolable 
crying may cause caregivers should be recognized and acknowledged 
with empathy, regardless of the cause. After addressing any urgent 
medical needs, caregivers should be educated about the normal pattern 
of infant crying and methods to soothe the infant. 

Normal infant crying progressively increases after 2 weeks and 
peaks in the 2nd month of life, then gradually decreases by the 4th or 
5th month. It generally peaks in the late afternoon and evening within 
the Ist 6 months of life. At times it may be unrelated to the needs of 
the infant. Therefore, even in healthy infants some episodes of fussiness 
will not be soothed with typical caregiver attempts to soothe, such as 
feeding, cuddling, carrying, and diapering, and may occur for up to 
4-5 hours per day. This pattern of crying is consistent among normal 
infants regardless of caretaking styles, cultural groups, and socioeco- 
nomic status, and has been demonstrated even in some nonhuman 
mammalian species. The pattern may reflect a developmental stage 
characterized by infants’ increased reactivity to their environment and 
an immature ability to self-regulate. Though this crying pattern seems 
to be universal, the frequency and duration of crying varies signifi- 
cantly between infants. This variation is due to a number of factors, 
including infant temperament, the caregivers’ response to crying, and 
likely other unidentified factors. 

Caregivers should be reassured that physical contact in the form 
of carrying and feeding on demand within the Ist months of life 
will not spoil the infant, but may reduce the amount of crying 
over the long term by creating a more secure attachment between 


Vaccine reaction 
Poor infant-caregiver interaction 


Normal infant crying 


the infant and caregiver. Room sharing, with the infant’s crib or 
bassinet in the caregiver’s bedroom, may also decrease infant crying 
in the Ist 3 months of life. Some other calming, evidence-based 
techniques include swaddling young infants and decreasing stimula- 
tion. A consistent daily routine may assist infants’ ability to self- 
regulate, resulting in decreased duration of crying bouts. Parents 
can also try to respond to excessive crying by giving the baby a 
pacifier, rocking the infant in a calm environment, or providing 
some background noise or vibration. Promptly initiating soothing 
measures before the crying becomes inconsolable may help to decrease 
the duration of crying. 

Although responding promptly to infant distress may decrease 
crying, at times even healthy infants will not be soothed with these 
interventions. The caregivers’ inability to soothe the infant is often 
their primary source of negative feelings such as frustration, anger, or 
guilt, creating a loss of confidence in parenting skills and feelings of 
resentment toward the infant. Infants then respond to caregiver anxiety 
with increased crying. Caregivers may be reassured by information that 
bouts of fussing do not necessarily indicate illness or pain, but may 
simply reflect the infant’s inability to regulate the crying once it has 
started. Medical providers can also reassure caregivers that most infant 
cry-fuss problems are transient and not necessarily predictive of 
ongoing behavior problems in childhood. In a prospective, community 
based study of outcomes in infants with sleep and cry-fuss problems, 
only 5% of mothers reported persistent problems at age 2. 

The clinician must be aware that parental distress from prolonged, 
unexplained crying can lead to the use of ineffective, inappropriate, or 
even dangerous remedies. Fennel extract, oral sucrose, and herbal tea 
may show promise as a way to decrease crying; additional study of 
these treatments and possible negative effects is needed. If these sup- 
plements replace infant formula, they may lead to malnutrition and 
electrolyte abnormalities. Treatments that have been shown to have no 
significant or reproducible effect in treating crying are simethicone, 
dimethicone, fiber-enriched formula, chiropractic treatment, or the 
introduction of lactase enzyme into the infant’s milk. Treatment with 
anticholinergic drugs (dicyclomine hydrochloride, dicycloverine, and 
cimetropium bromide) was effective in reducing infant crying, but is 
associated with unacceptable side effects. In addition, several reports 
have been published of hospitalization or death in infants treated for 
excessive crying with sedating medications such as dextromethorphan 
and diphenhydramine, dimenhydrinate, and opiates. Clinicians should 
counsel parents about the dangers of using these medications in young 
infants. 


TABLE 26.3 


Potential Diagnoses 


Eyes, Ears, Nose, Throat 
Corneal abrasion or foreign body 


Glaucoma 
Foreign body 


Respiratory 
Pneumonia or bronchiolitis 


Airway obstruction (croup, foreign body) 


Cardiovascular 
Congestive heart failure 
supraventricular tachycardia 
Anomalous coronary artery 
Myocarditis 


Gastrointestinal System 
Incarcerated hernia 


Gastrointestinal obstruction (intussusception, volvulus, pyloric 
stenosis, Hirschsprung disease), peritonitis, abdominal 
trauma 


Milk and/or soy protein allergy 


Genitourinary System 
Testicular torsion 


Ovarian torsion 
Urinary tract infection 


Musculoskeletal System 
Osteomyelitis 
Septic arthritis 


Fractures 

Diskitis 

Skin 

Cellulitis, infection 


Central Nervous System 


Encephalitis 
Meningitis 


Increased intracranial pressure (abusive or nonabusive trauma, 


hydrocephalus, intracranial hemorrhage), neoplasm 


Miscellaneous 
Drug ingestion 


Neonatal abstinence syndrome 
Inborn error of metabolism 


Sepsis 
sickle cell crisis 
Physical abuse 
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Initial Ancillary Testing or Referrals to Consider for Specific Diagnoses 


Ancillary Testing or Consultations to Consider 


Fluorescein stain 
Ophthalmology consult 
Radiographs and/or ENT consult 


Chest radiography, pulse oximetry, nasopharyngeal viral testing 
Chest and/or neck radiography, pulse oximetry, ENT consult for bronchoscopy 


Chest radiography, pulse oximetry, electrocardiogram, echocardiography, CBC, CMP, BNP, 
Cardiology consult 


Ultrasonography with Doppler 


CBC, CMP, amylase, lipase, abdominal and pelvic radiography, abdominal and pelvic CT, air 
contrast enema for intussusception, Surgical consult 


Hemoccult testing 


Ultrasonography with Doppler, Surgical consult 
Pelvic ultrasonography or CT, Surgical consult 
UA with culture, CBC, blood culture 


CBC, ESR, CRP, blood culture, radiography, MRI, Orthopedics and Infectious Disease consult 


Skeletal survey 
ESR, spine radiographs, spine MRI 


CBC, wound culture 


Lumbar puncture, head CT or MRI, CBC, blood culture 


Head CT or MRI 


Comprehensive urine drug screen (with confirmatory testing) 

Urine or meconium drug screen 

CBC, ABG, CMP, serum ammonia, serum uric acid, UA, serum amino acids, urine organic acids, 
serum acylcarnitine profile, lactate, Genetics consult 

CBC, LP, UA, urine and blood culture, 

CBC, reticulocyte count, chest radiography, pulse oximetry 

Injury surveillance: Skeletal survey; head CT or MRI in infants <6 mo of age or current or prior 
symptoms of head injury; AST, ALT, amylase, lipase, UA; urine drug investigation screen with 
confirmatory testing, Child Protection Team consult 


ABG, arterial blood gas; ALT, alanine aminotransferase; AST, aspartate aminotransferase; BMP, basic metabolic panel; BNP, brain naturetic 
peptide; CBC, complete blood count; CMP, comprehensive metabolic panel; CRP, C-reactive protein; CT, computed tomography; ENT, 
Otolaryngologist; ESR, erythrocyte sedimentation rate; LP, lumbar puncture; MRI, magnetic resonance imaging; UA, urinalysis. 


Given the stress that crying can place on a family and the fact that 
all families will inevitably be faced with the challenge of a fussy infant, 
this education should be a routine part of each well child evaluation 
in the 1st year of life. It should not only be given to the caregiver who 
presents with the child for medical care, but to all adults who will be 
caring for the child. 


SPECIFIC DIAGNOSES 
Child Maltreatment 


Parental perceptions of prolonged or inconsolable crying place the 
infant at risk of abuse; parents may smother, slap, or shake their baby 
in response to crying. Crying is a common stimulus for abusive head 
trauma, and the abuse is often repeated because the head injury stops 
the crying. 

Any injury in a nonmobile infant raises concern for abusive trauma 
and should prompt an evaluation for additional injuries. In mobile 
children, most accidental bruising occurs over bony prominences on 
the anterior surface of the body. Bruising to the ears, neck, genitals, 
and buttocks is unusual in nonabused children (Table 26.4). Patterned 
injuries and any significant, unexplained injury also may suggest abuse 
(Figs. 26.2, 26.3, and 26.4). The purpose of additional testing when 
infants present with suspicious findings is injury surveillance and iden- 
tification of medical conditions that may mimic abusive trauma. The 
absence of additional injury does not rule out abuse. Even in isolation, 
the presence of a suspicious injury places the infant at risk for more 
severe ongoing abuse. In infants who were ultimately diagnosed with 
physical abuse, almost 30% of the infants had a history of previous, 
more minor suspicious injuries. Medical providers were reportedly 
aware of these injuries in 40% of cases, but did not recognize them as 
concerning (Table 26.5). If there are doubts about whether an injury 
should be considered suspicious or what tests are indicated, providers 
should consult a child abuse specialist. 

Medical providers are in a unique position to identify infants at risk 
for maltreatment when they present for medical care, and to provide 
education and resources to high-risk families. In infants hospitalized 
for abusive head trauma, the majority of a victim’s caregivers sought 
medical care for excessive crying prior to the abuse. Multiple phone 
calls and visits to the pediatrician for excessive crying is a warning sign 
that it is causing significant distress in the family. Ask caregivers how 
the crying is affecting the family and address any feelings of guilt or 
frustration. Clinicians can also ask how caregivers typically respond to 
the crying. All families who present with a fussy infant should be 
encouraged to seek support and periodic relief from the infant’s care. 
Instruct the caregivers to safely place the infant in a crib or other safe 
location and walk away for a short time if they feel frustrated and at 
risk of harming the infant. 


TABLE 26.4 Location of Cutaneous Injuries 


Inflicted Accidental 

Upper arms shins 

Trunk Hips (iliac crest) 
Upper anterior leg Lower arms 

Side of face Prominences of spine 
Ears and neck Forehead 

Genitalia Under chin 


Modified from Pascoe JM, Hildebrandt HM, Tarrier A, et al. Patterns 
of skin injury in non-accidental and accidental injury. Pediatrics. 
1979°64:245. 
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Even when child maltreatment is not a concern, more intensive 
educational and behavior modification interventions directed toward 
families with persistently fussy infants have shown promise as a way to 
reduce crying, improve parent-child relationships, and positively influ- 
ence behavioral development in infants. Successful programs generally 


FIGURE 26.2 Lash marks from an electric cord. Such marks are dis- 
tinctive. The deep lacerations, which are looped if the cord is looped, 
result in deep tissue damage, and there is the potential for keloid forma- 
tion on healing. (From Johnson CF. Inflicted injury versus accidental 
injury. Pediatr Clin North Am. 1990;37:791-815.) 
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FIGURE 26.3 Marks from burns. (From Johnson CF. Inflicted injury 
versus accidental injury. Pediatr Clin North Am. 1990;37:791-815.) 
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FIGURE 26.4 Marks from objects. (From Johnson CF. Inflicted injury 
versus accidental injury. Pediatr Clin North Am. 1990;37:791-815.) 
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(See Nelson Textbook of Pediatrics, p. 236.) 


TABLE 26.5 Pitfalls in Child Abuse 
Evaluation: 12 Costly Errors 


. A desire to not make the diagnosis 
2. Failure to assemble past information on medical conditions and medical 
encounters 
. Too great a reliance on the information developed by others 
. Transference-countertransference with custodial parent (formation of 
alliances or development of hostilities) 
. Overinterpretation or underinterpretation of signs and symptoms 
. Overinterpretation or underinterpretation of physical findings 
. Failure to know about conditions mistaken for sexual abuse 
. Faulty laboratory techniques resulting in either false-positive or 
false-negative reports 
. Use of techniques easily challenged in court 
10. Impatience about arriving at a diagnostic conclusion 
11. Failure to understand normative data with regard to psychosexual 
development 
12. Failure to prepare adequately for court appearances 


assess and address caregiver needs, sources of vulnerability, and infant 
health. They also provide respite and educate families about infant 
crying, soothing, and ongoing emotional care. In addition, multidisci- 
plinary approaches may include family therapy or referrals to perinatal 
and infant mental health experts who can support parent-infant 
interactions. 


Infantile Colic 


A uniform definition for infantile colic is lacking but many use the 
definition derived from Wessel’s Criteria, where crying occurs for at 
least 3 hours a day, at least 3 days a week, for at least 3 weeks in an 
otherwise healthy infant. Crying from colic generally occurs in the 
evenings, usually starts between 3 and 21 days of age, and subsides 
by 3-4 months of age. During crying bouts, parents describe that 
colicky infants often flex their legs over the abdomen, or may arch 
their backs with a “pained” look on their face. However, many of 
these criteria, including the appearance of pain, are also common 
features of normal infant crying. It is not clear whether the appear- 
ance of pain in these infants is due to a true organic etiology or 
related to caregivers’ anxiety about the duration and unsoothable 
nature of the cry. 

A single clear cause of colic remains elusive. Some suggest that the 
crying from colic is a response to pain from gastrointestinal dysfunc- 
tion, such as milk protein or lactose intolerance, gastroesophageal 
reflux disease, abnormal peristalsis, or excessive gas. However, objective 
testing for these disorders has not revealed significant differences 
between colicky and noncolicky infants, and treatments have been 
inconsistently effective. Immaturity of the central nervous system and 
infant migraine are also suggested causes. Others theorize that colic 
symptoms are not caused by a single condition, but rather are a 
common end-point for multiple processes, including infant tempera- 
ment and caregivers’ responses to the crying. In this view, the term 
“colic” is used to describe a constellation of common symptoms rather 
than an underlying disease. Because of the significant overlap in the 
pattern and characteristics of crying in infants diagnosed with colic 
and normal infants, others suggest that colic represents a point further 
along a continuum of normal infant behavior. This perspective sug- 
gests that, in healthy infants, the clinical focus should be shifted from 
attempting to diagnose and treat a particular medical condition to 
providing education and support to caregivers. From a practical stand- 
point, the clinician should follow the same method of evaluation that 


CHAPTER 26 Irritable Infant 


would be initiated for any crying infant regardless of whether or not 
the crying meets the definition of colic. The duration and frequency 
of crying in this population can be particularly distressing for caregiv- 
ers, and education on soothing and coping with the crying should be 
emphasized. 


Feeding and Gastrointestinal Dysfunction 


A subset of otherwise healthy infants who present with excessive crying 
will have some form of gastrointestinal (GI) dysfunction. A history of 
crying that is associated with vomiting, hematochezia, or is temporally 
related to feeds may increase the likelihood. Common causes include 
constipation, gastroesophageal reflux disease (GERD), eosinophilic 
esophagitis, excessive gas, and cow’s and/or soy milk protein allergy or 
intolerance. Congenital lactose intolerance is rare, but infants may 
develop transient intolerance from inflammation of the intestinal villi 
due to gastroenteritis or a milk protein allergy. In infants with hema- 
tochezia, a milk protein allergy is most likely. However, in less clear-cut 
cases, improper feeding volume or technique can cause symptoms that 
may be misdiagnosed as GERD or a milk protein allergy. Formula 
changes and pharmacologic interventions may not be without undesir- 
able consequences, including premature cessation of breast-feeding or 
the development of parental anxiety concerning the possibility of an 
intrinsic abnormality in their infant. 

When GI dysfunction is suspected, and after potentially serious 
medical conditions are ruled out, clinicians should first evaluate 
feeding volume and technique. Over- or underfeeding may contribute 
to infant irritability. Using a slow-flow nipple can cause excessive air 
intake in a very vigorous feeder. Appropriate burping, feeding the 
infant in an upright position, using a formula thickener, and using 
bottles with collapsible bags may also help reduce fussing from exces- 
sive intestinal gas or GERD. Poor attachment, latch, and oral motor 
dysfunction may contribute to feeding problems, fussing, and even 
infant aversion to feedings. Consider consultation with a lactation 
specialist in breast-feeding infants. 

Unfortunately, no specific laboratory test exists for diagnosing 
protein allergy in relation to excessive infant crying, and the symptoms 
of GERD are often nonspecific. In fact, inflammation of the GI tract 
from cow's milk protein allergy may be the cause of the vomiting and 
symptoms of pain in up to 40% of infants diagnosed with GERD. 
Guidelines caution against empiric treatment with acid-reducing med- 
ications as a way to diagnose GERD in young infants with nonspecific 
symptoms due to potential side effects with the overuse of these medi- 
cations, and because their efficacy in decreasing crying is low. There is 
evidence that a trial of whey hydrolysate formula, or a milk- and egg- 
free diet in breast-feeding mothers, may decrease crying compared to 
controls in otherwise healthy infants with suspected GI dysfunction. 
The introduction of soy formula may not resolve symptoms because a 
significant number of infants with milk protein allergies are also aller- 
gic to soy protein. There is also increasing evidence that probiotics may 
be beneficial to reduce low-grade intestinal inflammation and crying 
in some infants, especially those with symptoms of GERD or constipa- 
tion. When potentially serious medical conditions have been excluded, 
and the infant’s feeding volume and technique are appropriate, it is 
reasonable to try these interventions. Changes should be implemented 
one at a time and continued for at least 2 weeks to evaluate the effects 
of each change. In infants with persistent symptoms, clinicians can 
consider a trial of a proton pump inhibitor and/or referral to a 
gastroenterologist. 


Teething 


Many complaints, ranging from fever to irritability, have been ascribed 
to teething. The most common symptoms associated with teething are 


CHAPTER 26 Irritable Infant 


(See Nelson Textbook of Pediatrics, p. 1972.) 


(See Nelson Textbook of Pediatrics, p. 1776.) 


Irritability, excessive drooling, and loss of appetite. Some studies do 
support the belief that teething is associated with low-grade fever and 
diarrhea, but this finding is not consistent. No symptom or cluster of 
symptoms can reliably exclude other medical conditions; therefore, 
teething should be considered a diagnosis of exclusion. 

Management consists of allowing the infant to bite on any appro- 
priate hard object, such as a teething ring. Objects that are small or 
may break into pieces such as teething biscuits or frozen foods are not 
recommended due to the risk of choking. Chilling the object in the 
refrigerator may reduce gum inflammation and pain. However, plastic 
teething rings should not be frozen or boiled unless directed by the 
manufacturer. Extreme temperatures may damage plastic teething 
rings and cause fluid to leak, and frozen rings may injure gums. An 
oral systemic analgesic such as acetaminophen may provide additional 
relief, but topical anesthetic agents are no longer recommended due to 
potential serious side effects with the overuse of these medications. 


Drug Reactions 


Some therapeutic medications and illicit drugs may cause infant irri- 
tability when directly ingested or when transferred to the infant 
through breast milk. Substances associated with irritability include 
cocaine, amphetamines, opiates, fluoxetine, clemastine, and caffeine. 
Pseudoephedrine use in breast-feeding mothers may be associated with 
infant irritability, but this finding is not consistent among studies. 
However, when directly ingested by infants, pseudoephedrine can 
cause irritability as well as other more serious and life-threatening 
complications. In the evaluation of the irritable infant, a careful infant 
and maternal drug history are important to obtain along with a com- 
prehensive urine drug screen if indicated. 
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In the neonate, irritability may also be a symptom of drug with- 
drawal or the continued effects of in utero exposure. Drugs associated 
with neonatal abstinence syndrome (NAS) include benzodiazepines, 
methamphetamine, heroin, methadone, buprenorphine, and other 
prescription opioid analgesics. Some antidepressants and anxiolytics 
have been found to potentiate withdrawal in infants as well. Manifesta- 
tions include irritability, jitteriness, sneezing and congestion, emesis, 
seizures, poor feeding, hiccups, diarrhea, sleeplessness, hyperactivity, 
and tremors. Caregivers often describe the crying as high-pitched and 
inconsolable. NAS usually begins in the 1st week of life and may last 
for up to a month, depending on the type of substance used. This 
initial phase may be followed by a relapsing course that includes 
ongoing irritability and may last for several months. Newborns exposed 
to cocaine may display similar symptoms of irritability soon after birth, 
but these likely represent continued effects of the drug rather than 
withdrawal symptoms. 

Mild cases of NAS are often treated with behavioral management 
such as reducing stimulation, swaddling, demand feeding, and other 
calming techniques. Pharmacotherapy is required when supportive 
therapy fails, or if more serious side effects such as seizures and dehy- 
dration develop. Education on coping with infant crying and methods 
to soothe the infant, as well as close monitoring of the home environ- 
ment, are particularly important in this population due to the chal- 
lenges of caring for an infant with irritability from NAS and to the lack 
of caregiver resources and coping skills often associated with maternal 
drug use. 


Although at times a simple diagnosis is easily established, the infant 
with excessive irritability often presents a significant challenge. Estab- 
lishment of the likely diagnosis, combined with exclusion of significant 
pathophysiologic processes (see Table 26.1), is a prerequisite to the 
formulation of an appropriate management plan. Through a logical 
and stepwise approach, the clinician can usually establish the cause and 
develop a treatment plan. When the clinician cannot determine the 
underlying cause, close follow-up monitoring should result in optimal 
patient care. 

Red flags include inconsolability, abnormal level of consciousness, 
abnormal vital signs, evidence of trauma or anemia, abdominal tender- 
ness or distention, eye tearing, photophobia or conjunctival irritation, 
and abnormalities of growth including increasing head circumference 
percentile. Consolability by being held by a parent is often reassuring. 
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In contrast, paradoxical crying or irritability when being held suggests 
that the holding process aggravates a painful process such as a fracture, 
osteomyelitis, or meningitis. 

In all cases, clinicians should evaluate the level of distress that the 
crying is causing caregivers and should provide education and support. 
Families with a history of maltreatment, mental illness or drug use in 
caregivers, caregivers with limited social support, or those who fre- 
quently seek medical care or report significant distress and frustration 
from the crying are at a higher risk for adverse outcomes. When these 
risk factors are identified, a multidisciplinary approach involving edu- 
cation and resources for the caregivers, medical care for the infant, and 
family therapy or referrals to perinatal and infant mental health experts 
can improve parent-infant interactions and long-term outcomes for 


the child. 
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The history is the most important tool for identifying a psychiatric 
disorder. The initial focus in conducting the history is to establish 
rapport and to ensure the child’s safety with respect to the risk of 
suicide or physical or sexual abuse. After safety is ensured, the history 
should focus on delineating the specific behaviors of concern, on iden- 
tifying any stressors that may be precipitating the behavior (Table 

27.1), and on recognizing any associated symptoms that may differen- 

tiate which disorder or disorders are causing the behavior. In addition 

to primary psychiatric diagnoses, the clinician should focus on possible 
medical causes of the behaviors in question, including medication side 

effects, substance abuse, and medical illnesses (Tables 27.2 and 27.3). 

Comorbidity is common in children with psychiatric illnesses, and as 

such, the clinician should consider whether a combination of medical 

and psychiatric diagnoses may be producing the patients symptoms. 

Information should be obtained from multiple sources whenever 
possible, including parents and any other adults who have spent a 
significant amount of time with the child, such as teachers. The child 
should be interviewed separately so as to provide a better chance of 
obtaining his or her perspective and of uncovering a history of abuse 
or destructive behaviors, such as substance abuse, self-harm, or high- 
risk sexual activity. As some psychiatric disorders demonstrate a strong 
genetic predisposition, a detailed psychiatric family history should be 
obtained. Psychiatric illness in family members may be undiagnosed; 
hence, the clinician should inquire about the presence of symptoms in 
addition to formal diagnoses in the family. 

The following validated principles should guide history taking, par- 
ticularly when discussing sensitive topics such as substance use, sexual 
abuse, and suicidal ideation or intent: 

1. Behavioral incident: The clinician should break down complex 
patterns of behavior into discrete incidents and focus on concrete 
details chronologically. Doing so allows the clinician to objectively 
establish the sequence of behaviors behind sensitive events, particu- 
larly when the patient’s subjective responses to the events may 
influence recall or reporting. 

2. Shame attenuation: The clinician should assume a stance of 
unconditional positive regard so as to minimize the influence of 
guilt or shame while discussing taboo subjects. 

3. Gentle assumption: By framing questions based on the assumption 
that a behavior exists, the clinician may overcome patient hesitation 
to acknowledge the presence of that behavior. 

4. Symptom amplification: Similar to gentle assumption, by assum- 
ing a high frequency of the behavior and inquiring in a concrete 
manner (e.g., “How many days a week do you drink? 5-62”), the 
clinician may make the patient feel more at ease by acknowledging 
the existence of a particular behavior, particularly if a patient is 
troubled by the frequency of the behavior. 

5. Denial of the specific: By asking specific questions, the clinician 
may elicit more accurate information by prompting recollection of 
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particular behaviors that may otherwise be denied when asked in 

general terms. For example, asking the patient whether they have 

ever used marijuana may be more likely to elicit a positive response 
than asking the patient whether they have ever used illegal drugs. 

6. Normalization: By simply describing common patterns of symp- 
toms or behaviors, the clinician may help the patient feel more at 
ease by endorsing the presence of similar patterns in his or her 
behaviors. 

The history allows the clinician to define patterns of behavior that 
suggest a differential diagnosis. The Diagnostic and Statistical Manual 
of Mental Disorders, Fifth Edition (DSM-5), contains descriptive diag- 
nostic criteria based on the presence or absence of various symptoms 
and aids the clinician in assigning a specific diagnosis to these behavior 
patterns and symptom clusters. Terms frequently used in the diagnosis 
of psychotic illnesses are noted in Table 27.4. 


CONDITIONS CHARACTERIZED BY 
DISRUPTIVE BEHAVIORS 


Disruptive behaviors are broadly categorized by whether they violate 
the rights of others and are then further classified by whether there is 
associated difficulty in regulating emotions or behaviors (Fig. 27.1). 


Conditions That Do Not Violate the Rights of Others 


Attention-defici/hyperactivity disorder. The cardinal features of 
attention-deficit/hyperactivity disorder (ADHD) are hyperactivity, 
distractibility, and impulsivity. Manifestations of these symptoms must 
be present in more than 1 setting (e.g., school and home) and must 
interfere with functioning or development. ADHD is more frequent 
in males than in females, with a ratio of about 2:1 in children. 
However, females may be underdiagnosed as they are more likely to 
present with inattention than with hyperactivity. The DSM-5 specifies 
that there must be a persistent pattern of inattention and/or 
hyperactivity-impulsivity with 6 or more symptoms in either category 
lasting at least 6 months. Adolescents 17 years of age or older require 
only 5 symptoms; however, symptoms should be present prior to 
12 years of age. 


Inattention 


Lack of attention to detail or inaccurate work 
Difficulty sustaining attention 

Failure to listen when spoken to directly 

Lack of follow-through 

Disorganization 

Avoidance of activities requiring sustained attention 
Frequent loss of items 

Easy distraction by extraneous stimuli 

Forgetfulness 
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TABLE 27.1 Common Precipitants of 
Psychiatric Symptoms 


Substance abuse 

stress 

Death or illness of family or friend 
Interpersonal conflict 

Rejection or abandonment 
Significant change in routine 


SECTION 5 Developmental and Psychiatric Disorders 


TABLE 27.2 The MIDAS Mnemonic for 
Screening for Medical Illness 


Do you take any Medications? 

Do you have any medical Illnesses? 

Do you have a primary care Doctor? 

Have you ever had any Allergies, reactions or side effects? 
Have you ever had any Surgery? 


From Carlat DJ. The Psychiatric Interview. 3rd ed. Philadelphia: 
Lippincott Williams & Wilkins; 2011. 


Do symptoms violate others? 


Oppositional Defiant Disorder 
Conduct Disorder 
Substance Use Disorder 


Disruptive Mood Dysregulation 
Disorder (DMDD) 
Substance Use Disorder 


No 


Are there significant mood symptoms? 


Attention-Deficit/Hyperactivity 
Disorder (ADHD) 

Tic Disorder 

Substance Use Disorder 


FIGURE 27.1 Evaluation of disruptive behaviors. 


Hyperactivity/Impulsivity 

Frequent fidgeting or squirming 

Frequent need to walk around 

Restlessness or need to run around/climb 

Difficulty engaging in quiet activities 

Acting “on the go,” restlessness, or difficulty of caregivers to keep 
up with 

Talking excessively 

Frequently interrupting 

Difficulty waiting turn 

Intrusiveness 

The chronicity of the hyperactivity in this disorder may be subtle. 
Although children with ADHD tend to move around more than other 
children, the hyperactivity may be of concern only in certain situations 
in which the child is expected to be quiet (e.g., in school or places of 
worship). Some children with ADHD can sit and be attentive in quiet 
and relaxed situations, whereas a noisy and active setting, such as an 
unstructured classroom, precipitates inappropriate behavior. As these 
children become older, they often become less overtly hyperactive. For 
instance, an adolescent may mostly feel restless without acting upon 
that feeling in a disruptive manner. This restlessness may contribute 
significantly to academic underachievement. Despite intentions for 
diligent studying, the restlessness may cause the affected teenager to 
feel the need to walk around, distracting from studying. 

Impulsivity significantly contributes to morbidity. The impulsivity 
applies not only to actions but also to emotions. An impulsive child 
whose emotions change quickly is at risk for physically aggressive 
behaviors, such as hitting or biting. In school-aged children, the impul- 
sive aggression is often manifested as explosive behavior. Because of 
their explosive behavior, inability to wait their turn in a game, and 
difficulty regulating emotions when interacting with teachers, these 
children have great difficulty with both peer and teacher relations. 
Impulsivity can also be potentially life threatening because the child 
may act before considering the consequences. Impulsivity may mani- 
fest as risk-taking behaviors in both children (e.g., running into the 
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street after a ball without checking for traffic) and adolescents (e.g., 
high-risk sexual activity or substance abuse). 

Hyperactivity and impulsivity in children are often readily appar- 
ent to adults; however, the manifestations of inattention and distract- 
ibility are often not as overt. In young children, inattentive behavior 
can consist of shifting from 1 activity to another and having difficulty 
finishing tasks. The parents may incorrectly consider these actions to 
represent lack of motivation. In adolescence, inattentive behavior may 
result in poor school performance. These children may forget to do 
homework or may need excessively long periods to complete assign- 
ments because of their inability to focus on their work and may be 
mislabeled as being lazy. 

The challenge in diagnosing ADHD lies in defining when specific 
behaviors are abnormal, particularly when those behaviors may not 
be apparent in all situations or contexts. The clinician should not rely 
solely on observations obtained in the clinic setting, but should instead 
gather information from multiple sources, including parents, teachers, 
daycare workers, and even a direct classroom observation from a 
trained health care professional. The classroom teacher represents an 
excellent resource for determining whether the patient’s level of activ- 
ity and degree of impulsivity are abnormal. Standardized behavioral 
checklists filled out by the parents and teachers quantify the degree 
of abnormal behaviors with regard to an age-specific reference 
population. 

Before establishing a diagnosis of ADHD, the clinician must rule 
out other psychiatric and medical causes of the patient’s symptoms. 
With respect to psychiatric conditions, the differential diagnosis of 
ADHD includes learning disorders, oppositional behavior, mood dis- 
orders, anxiety disorders, and substance abuse. Because of the high 
association of learning disorders with ADHD, each evaluation should 
include an assessment for learning problems. 

With respect to medical conditions, the differential diagnosis of 
ADHD includes iron deficiency, lead toxicity, thyroid disorders, sei- 
zures, hearing loss, and substance abuse. Screening for symptoms of 
sleep-disordered breathing is essential because chronically ineffective 
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TABLE 27.3 Selected Neurologic and Systemic Causes of Depression and/or Psychosis 


Category 
Head trauma 


Infectious 


Inflammatory 


Neoplastic 


Endocrine/acquired metabolic 


Vascular 


Degenerative 


Demyelinating/Dysmyelinating 


Disorders 


Traumatic brain injury 
Subdural hematoma 


Lyme disease 

Prion diseases 

Neurosyphilis 

Viral infections/encephalitides (HIV 
infection/encephalopathy, herpes 
encephalitis, cytomegalovirus, Epstein-Barr 
virus) 

Whipple disease 

Cerebral malaria 

systemic infection 


Autoimmune encephalitis 
systemic lupus erythematosus 
Sjögren syndrome 

Temporal arteritis 

Hashimoto encephalopathy 
Sydenham chorea 

Sarcoidosis 


Primary or secondary cerebral neoplasm 
systemic neoplasm 
Paraneoplastic encephalitis 


Hepatic encephalopathy 

Uremic encephalopathy 

Dialysis dementia 

Hypo/hyperparathyroidism 

Hypo/hyperthyroidism 

Addison disease/Cushing disease 

Postpartum 

Vitamin deficiency: vitamin B2, folate, 
niacin, vitamin C, thiamine 

Gastric bypass—associated nutritional 
deficiencies 

Hypoglycemia 

Hyponatremia 

Stroke 

Cerebral autosomal dominant arteriopathy 
with subcortical infarcts and 
leukoencephalopathy (CADASIL) 


Progressive supranuclear palsy 

Huntington disease 

Corticobasal ganglionic degeneration 

Multisystem atrophy/striatonigral 
degeneration/olivopontocerebellar atrophy 

Idiopathic basal ganglia calcifications/Fahr 
disease 


Multiple sclerosis 

Acute disseminated encephalomyelitis 
Adrenoleukodystrophy 

Metachromatic leukodystrophy 


Category 
Inherited metabolic 


Epilepsy 


Medications 


Drugs of abuse 


Drug withdrawal syndromes 


Toxins 


Other 


Disorders 

Wilson disease 

Posterior horn syndrome 

Tay-Sachs disease 

Neuronal ceroid lipofuscinosis 

Niemann—Pick type C 

Acute intermittent porphyria 

Mitochondrial encephalopathy, lactic 
acidosis, and stroke-like episodes (MELAS) 

Cerebrotendinous xanthomatosis 

Homocystinuria 

Ornithine transcarbamylase deficiency 


Ictal 

Interictal 

Postictal 

Forced normalization 

Postepilepsy surgery 

Lafora progressive myoclonus epilepsy 

Analgesics 

Androgens (anabolic steroids) 

Antiarrhythmics 

Anticonvulsants 

Anticholinergics 

Antibiotics 

Antihypertensives 

Antineoplastic agents 

Corticosteroids 

Dopamine agonists 

Oral contraceptives 

Sedatives/hypnotics 

Selective serotonin reuptake inhibitors 
(SSRIs) (serotonin syndrome) 


Alcohol 

Amphetamines 

Cocaine 

Hallucinogens 

Marijuana and synthetic cannabinoids 

Methylenedioxymethamphetamine (MDMA) 
(Ecstasy) 

Phencyclidine 


Alcohol 

Barbiturates 

Benzodiazepines 
Amphetamines 

SORIs 

Heavy metals 

Inhalants 

Normal-pressure hydrocephalus 
lonizing radiation 
Decompression sickness 


Moditied from Perez DL, Murray ED, Price BH. Depression and psychosis in neurological practice. In: Daroff RB, Jankovic J, Mazziotta JC, 
Pomeroy SL, eds. Bradley's Neurology in Clinical Practice. 7th ed. Philadelphia: Elsevier; 2015. 
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TABLE 27.4 Psychiatric Terms 


SECTION5 Developmental and Psychiatric Disorders 


Abulia is the state of reduced impulse to act and think associated with indifference about consequences of action. 
Affect is the examiner s observation of the patient's emotional state. Frequently used descriptive terms include the following: 


Constricted affect is reduced range and intensity of expression. 


Blunted affect is further reduced. Usually, there is little facial expression and a voice that is monotone and lacking normal prosody. 


Flat describes severely blunted affect in which there is no affective expression. 


Inappropriate affect is an incongruous expression of emotion or behavior relative to the content of a conversation or social norms. 
Labile affect exhibits abrupt and sudden changes in both type and intensity of emotion. 
Anxiety is the feeling of apprehension caused by anticipation of danger that may be internal or external. 


Apathy is dulled emotional tone associated with detachment or indifference. 


Comportment refers to self-regulation of behavior through complex mental processes that include insight, judgment, self-awareness, empathy, and social 


adaptation. 
Compulsion is the uncontrollable impulse to perform an act repetitively. 


Confusion is the inability to maintain a coherent stream of thought owing to impaired attention and vigilance. Secondary deficits in language, memory, and visual 


spatial skills are common. 


Delusion is a false, unshakable conviction or judgment that is out of keeping with reality and with socially shared beliefs of the individual's background and 


culture. It cannot be corrected with reasoning. 


Depression is a sustained psychopathological feeling of sadness often accompanied by a variety of associated symptoms, particularly anxiety, agitation, feelings 
of worthlessness, suicidal ideation, abulia, psychomotor retardation, and various somatic symptoms and physiologic dysfunctions and complaints that cause 


Significant distress and impairment in social functioning. 


Hallucination is a false sensory perception not associated with real external stimuli. 
Mood is the emotional state experienced and described by the patient and observed by others. 
Obsession is the pathologic persistence of an irresistible thought or feeling that cannot be eliminated from consciousness by logical effort. It is associated with 


anxiety and rumination. 


Paranoia is a descriptive term designating either morbid-dominant ideas or delusions of self-reference concerning 1 or more of several themes, most commonly 
persecution, love, hate, envy, jealousy, honor, litigation, grandeur, and the supernatural. 

Prosody is the melodic patterns of intonation in language that convey shades of meaning. 

Psychosis is the inability or impaired ability to distinguish reality from hallucinations and/or delusions. 


Thought process and content. Common descriptive terms include the following: 


Circumstantial thought follows a circuitous route to the answer. There may be many superfluous details, but the patient eventually reaches the answer. 


Linear thought demonstrates goal-directed associations and is easy to follow. 


Loose associations are thoughts that have no logical or meaningful connection with ensuing thoughts. 
Tangential thoughts are initially clearly linked to a current thought but fail to maintain goal-directed associations; the patient never arrives at the desired point 


or goal. 


Clang associations describe speech in which the sounds of words are similar but not the meanings. The words have no logical connection to each other. 
Flight of ideas describes a rapid stream of thoughts that tend to be related to each other. 

Magical thinking describes the belief that thoughts, words, or actions have power to influence events in ways other than through reality-based mechanisms. 
Thought blocking is characterized by abrupt interruptions in speech during conversation before an idea or thought is finished. After a pause, the individual 


indicates no recall of what was being said or what was going to be said. 
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or inefficient sleep can produce symptoms of inattention and 
hyperactivity. 

Tic disorders. Tics are motor movements or vocalizations that are 
sudden, rapid, recurrent, nonrhythmic, and involuntary. Tics often 
become worse during stress but may improve during activities requir- 
ing moderate physical or mental activity. Tics need to be differentiated 
from other abnormal movements, such as chorea, athetosis, dystonia, 
myoclonus, and hemiballismus, which may be associated with an 
underlying neurologic condition or may be medication-induced. 
Simple motor tics are defined as repetitive movements of single muscle 
groups. They may consist of eye blinking, neck jerking, or shoulder 
shrugging. Complex motor tics are repetitive movements of several 
muscle groups in coordination, such as repetitive grooming behaviors, 
deep knee bends, or smelling of objects. Simple vocal tics are defined 
as nonverbal noises, such as throat clearing or grunting sounds, 
whereas complex vocal tics are intelligible words. Complex vocal tics 
may manifest as coprolalia, the repetitive, stereotyped vocalization of 
obscenities. 


The DSM-5 categorizes tic disorders as follows: 
1. Provisional tic disorder: motor and/or vocal tics lasting less than 
a year 
2. Chronic motor or vocal tic disorder: either motor or vocal tics 
lasting longer than a year 
3. Tourette disorder: both motor and vocal tics lasting longer than a 
year 
Tourette disorder consists of multiple motor and vocal tics of at 
least 1 year in duration. The incidence of this condition is 4-5 per 
10,000. In some families, this illness is inherited as an autosomal domi- 
nant condition, with 70% penetrance in females and near complete 
penetrance in males. Because of this difference in penetrance, Tourette 
disorder is 1.5-3 times more common in males than in females. The 
median age at presentation is 7 years, though some children may 
present as early as 2 years. While coprolalia is popularly thought to be 
a common feature of Tourette disorder, fewer than 10% of affected 
patients have this form of complex vocal tics. 
The DSM-5 criteria for Tourette disorder are as follows: 


1. Multiple motor and vocal tics lasting longer than a year with no 
tic-free Intervals longer than 3 months 

2. Symptom onset before age 18 years 

3. No medical cause for the tics 

Tics may lead to the patient being socially ostracized. Children with 
chronic tic disorders frequently have other psychologic conditions, 
such as ADHD or obsessive-compulsive disorder (OCD), which may 
lead to further difficulties in peer interactions and frequent frustration 
of teachers and family members. Such stressors can worsen the tics, 
which can further compound the problem. 

Disruptive mood dysregulation disorder. While the predominant 
characteristic of disruptive mood dysregulation disorder (DMDD) is 
chronic, persistent, and severe irritability, it is often the behavioral 
issues that prompt presentation to a clinician. DMDD often manifests 
as irritable, depressed mood and temper tantrums with a low frustra- 
tion tolerance. The DSM-5 requires the following for diagnosis: 

1. Severe recurrent temper outbursts that manifest with verbal or 
behavioral aggression out of proportion to the situation in intensity 
or duration 

Behavior is inconsistent with developmental level 

Behavior occurs on average 3 or more times per week 

The mood between outbursts is persistently irritable or angry 
Symptoms present for 12 or more months 

Symptoms present in at least 2 settings 

Age of onset of symptoms must be before age 10 years, but diag- 
nosis should not be made before age 6 years or after age 18 years 
The overall prevalence of DMDD among children and adolescents 
is as high as 5%. Rates are higher in males and school-aged children 
than in females and adolescents. DMDD can cause significant difficul- 
ties with school performance and family/peer relationships. Many chil- 
dren with DMDD will also meet criteria for ADHD, oppositional 
defiant disorder (ODD), or anxiety disorders. The diagnosis of DMDD 
should be distinguished from bipolar disorder, which must have dis- 
tinct episodes of mania or hypomania (Table 27.5). The age of the 
patient can also help differentiate DMDD and bipolar disorders 
because bipolar disorders rarely present prior to adolescence. 

Substance Use Disorder. Substance use can lead to a wide range 
of disturbances in mood and behavior. The hallmark of a substance 
use disorder is the continued use of a substance despite it causing 
ongoing negative cognitive, behavioral, and physiologic symptoms. 
The other hallmark of substance use disorder is the significance of the 
negative behaviors, such as verbal or physical aggression, defiance, 
lying, or stealing. Sometimes these behaviors will reach the point of 
violating family and friends. 


ase eh ae Bp ta 


Conditions That Violate the Rights of Others 


Oppositional defiant disorder. The characteristic feature of ODD 
is a persistent pattern of both defiant behavior and an angry or irritable 
mood. Affected individuals exhibit at least 4 of the following behaviors 
in a consistent manner over a 6-month period: 

Frequently losing temper 

Often arguing with authority figures 

Defying rules 

Deliberately annoying adults 

Blaming others for his or her actions 

Becoming easily annoyed by others 

Being angry 

Being vindictive 

ODD should not be diagnosed if the patient meets the DSM-5 
criteria for conduct disorder or if the symptoms occur in the context 
of a mood, anxiety, or psychotic disorder, in which children exhibit 
oppositional behavior as a reaction to their illness. 
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TABLE 27.5 Diagnostic Features of 
Primary Psychiatric Disorders 


The following conditions require clinically significant distress or impairment 
in social or occupational functioning: 

e° Schizophrenia is a disorder that lasts for at least 6 mo and includes at 
least 1 mo of active symptoms (2 or more of the following: delusions, 
hallucinations, disorganized speech, grossly disorganized or catatonic 
behavior, or negative symptoms). 
Schizoaffective disorder is a disorder in which a mood episode and 
the active symptoms of schizophrenia occur together and were preceded 
or are followed by at least 2 wk of delusions or hallucinations without 
prominent mood symptoms. 
Major depressive disorder is characterized by 1 or more major 
depressive episodes (at least 2 wk of depressed mood or loss of interest 
accompanied by at least 4 additional symptoms of depression). 
Additional symptoms of depression may include significant weight 
changes, sleep dysfunction, psychomotor agitation or retardation, fatigue 
or loss of energy, feelings of worthlessness or guilt, diminished 
concentration, and suicidal ideation or thoughts of death. 
A manic episode is defined by an abnormally and persistently elevated, 
expansive, or irritable mood persisting for at least 1 wk (or less if 
hospitalization is required). At least 3 of the following symptoms must be 
present if the mood is elevated or expansive (4 symptoms are required if 
the mood is irritable): inflated self-esteem or grandiosity, decreased need 
for sleep, pressured speech, flight of ideas, distractibility, increased 
goal-directed activities or psychomotor agitation, and excessive 
involvement in pleasurable activities with a high potential for painful 
consequences. Psychotic features may be present. 
Bipolar | disorder is characterized by the presence of both manic and 
major depressive episodes or manic episodes alone. 
Bipolar Il disorder is characterized by the presence of major 
depressive episodes alternating with episodes of hypomania. 
Hypomania is characterized by an abnormally and persistently elevated, 
expansive, or irritable mood persisting for at least 4 days. Other criteria 
required for diagnosis are identical to that of a manic episode except 
that the symptoms are not so severe as to cause marked impairment in 
social or occupational functioning, hospitalization is not required, and no 
psychotic symptoms are present. 
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Prevalence ranges from 1-11%, depending on the population. In 
prepubertal children, it occurs more frequently in boys; however, in 
adolescents, its incidence is equal in both sexes. Most children present 
before 8 years of age. Affected preschool-aged children sometimes 
exhibit increased motor activity, difficulty being comforted, and over- 
reacting to situations. Affected school-aged children have low self- 
esteem and a low tolerance for frustration. The disorder commonly 
occurs in families with a history of mood or psychotic disorders— 
particularly maternal depression—and with chronic disruptive behav- 
iors, such as ADHD or conduct disorder. 

Children with this disorder are at marked risk for other psychologic 
disorders, such as ADHD. In addition, these patients may be at 
increased risk for conduct disorder, antisocial personality disorder as 
adults, substance abuse, major depressive disorder, and suicide. 

Conduct disorder. A child has conduct disorder if he or she has 
repetitively violated the rights of others and of society. Children with 
this diagnosis have performed 3 or more of the following behaviors 


within the past year and with at least 1 occurring in the previous 6 

months: 

1. Aggression toward people or animals, such as intimidation, initia- 
tion of fights, use of weapons, cruelty to people, cruelty to animals, 
rape, confrontational theft or mugging 

2. Destruction of property, such as arson or vandalism 

3. Deceitfulness or theft, such as breaking into houses or cars or steal- 
ing items of nontrivial value 

4. Serious violation of rules, such as curfew violation, running away, 
or truancy before the age of 13 years (for running away to qualify 
as a symptom, it must occur twice, or once if it was lengthy, and 
must not be an attempt to escape sexual or physical abuse) 
Conduct disorder is classified as childhood onset if symptoms 

occur before 10 years of age and adolescent onset if symptoms occur 
at or after 10 years of age. It is further subdivided by severity of offense: 
mild (e.g., truancy), moderate (e.g., vandalism, nonconfrontational 
theft), and severe (e.g., rape, confrontational theft). The prevalence of 
conduct disorder is higher in males than in females. Children initially 
present with lying, initiating fights, and truancy; as they get older, they 
progress to more violent acts. Boys are more likely to exhibit acts of 
violence, such as fighting and stealing, than are girls, who are more 
likely to exhibit truancy, runaway behavior, and high-risk sexual activ- 
ity. Half of these children may develop antisocial personality disorder, 
which is a severe conduct disorder of adulthood that is usually associ- 
ated with criminal activity. The earlier the onset of conduct disorder, 
the greater the risk of developing antisocial personality disorder as an 
adult. These children also have a high frequency of depression, suicidal 
ideation, personality disorders, anxiety disorders, ADHD, and sub- 
stance abuse. 

Although the cause of conduct disorder is unknown, both genetic 
and psychosocial factors play a role. A history of parental rejection, 
difficult infant temperament, physical or sexual abuse, early institu- 
tional living, and lack of appropriate discipline are associated with the 
development of conduct disorder. A biochemical or genetic cause for 
this condition has been postulated due to the high prevalence of this 
condition in families with psychiatric disorders. 
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CONDITIONS CHARACTERIZED BY 
DISRUPTION IN MOOD 


Mood disorders are divided into those characterized by a depressed 
mood and those characterized by extremes of mood lability. When 
assessing mood disturbances, it is essential to screen for symptoms 
suggestive of bipolar illness as these patients have a risk of becoming 
manic when treated with antidepressants (Fig. 27.2). The evaluation 
of any patient with a disruption in mood should include an assessment 
of the risk of suicide. 


Conditions Characterized by Depressed Mood 


Depressive disorders that may present in childhood include DMDD, 
major depressive disorder, premenstrual dysphoric disorder, persistent 
depressive disorder (i.e., dysthymia), substance/medication-induced 
depressive disorder, adjustment disorder with depressed mood, 
and depressive disorder related to another medical condition. 
Major depressive disorder. Major depressive disorder is associ- 
ated with serious risks of both suicide and significant social and 
academic impairment (see Table 27.5). Presentations may be subtle. 
Even though a child may be pervasively sad, he or she may also 
present with behavior problems and irritability. Patients may also 
present with somatic complaints, psychosis, or both. The psychotic 
symptoms are typically mood-congruent auditory hallucinations and 
delusions of guilt, medical illnesses, or deserving punishment. DSM-5 
criteria for major depressive disorder consist of at least a 2-week 
period of a depressed mood—or irritability in some children—or 
loss of interest in pleasurable activities, resulting in significant impair- 
ment. During this period, the patient has to have at least 5 of the 
following symptoms: 
Depressed mood or irritability in some children 
Loss of interest or pleasure 
Loss of appetite or overeating 
Insomnia or hypersomnia 
Fatigue or loss of energy 
Feelings of worthlessness or guilt 
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Are there symptoms of mania or hypomania 


(abnormally elevated mood)? 


Yes | | No 


Are criteria for mania met? 

(Abnormally elevated mood of greater 
than 1 week in duration, associated with 
grandiosity, impulsivity, excessive 
goal-directed activity, and decreased 
need for sleep) 


Bipolar | Disorder Bipolar II Disorder 
Substance-Induced Yes 


Mood Disorder 


Are criteria for major depressive disorder met? 
(At least 2 weeks of depressed mood or 
irritability or loss of interest causing 

significant impairment with at least 5 

of the following: change in appetite, 

change in sleep, fatigue or loss of energy, 
feelings of worthlessness or guilt, poor 
concentration, psychomotor symptoms, 
thoughts of suicide) 


ooking Major Depressive Disorder Is there substance use? | 
Substance-Induced Mood Disorder 


Are there significant disruptive behaviors? 
Disruptive Mood Dysregulation Disorder (DMDD) 
Was there a recent death? 
Bereavement 


Was there a precipitating event? 
Adjustment Disorder 


FIGURE 27.2 Evaluation of mood disorders. 
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7. Poor concentration or Indecisiveness 
8. Suicidal ideation or thoughts of death 
9. Psychomotor agitation or retardation 

These symptoms should not be secondary to bereavement, medical 
conditions, substance abuse, or bipolar disorders. Emotional reaction 
to adverse stressors is a normal part of life. The clinician must decide 
whether the reaction to the stressor is normal, an adjustment disorder, 
or major depression. 

The occurrence of major depressive disorders in adolescence is as 
high as 5%. There is also a 3-fold increase in major depression in 
children who have a parent with depression. The differential diagnosis 
of major depression encompasses various medical disorders, including 
neurologic disorders, endocrine disorders such as hypothyroidism 
or hyperparathyroidism, side effects from medications such as 
H,-blockers or isotretinoin, and substance abuse or use (see Table 
27.3). Numerous psychiatric conditions are comorbid with major 
depression. Among these are ODD, conduct disorder, ADHD, anxiety 
disorders, eating disorders, and substance abuse. 

Major depressive disorder can manifest at any age; however, most 
patients present in early adulthood. Children usually present with 
somatic complaints, social withdrawal, and irritability, whereas adoles- 
cents often present with psychomotor retardation, thoughts of guilt 
and worthlessness, and excessive sleep. Approximately 15% of children 
with major depression eventually develop bipolar disorders. Fifty 
percent of children with major depression have multiple episodes, 
frequently associated with significant stressors. Approximately 25% of 
patients with certain chronic medical conditions such as cancer or 
diabetes develop major depressive disorder during the course of the 
illness. The main difficulty in diagnosing major depression is that 
the gravity of the depressive mood is often not always apparent to the 
parent and the clinician. Given that children and adolescents often 
present with irritability, sullenness, or mean-spiritedness, the parents 
and/or clinician may attribute this behavior to typical adolescent 
behavior. These children do not always appear sad and the clinician 
should have a high index of suspicion of major depression in any child 
who presents with sullenness and irritability. Guidelines for evaluating 
such a patient are as follows: 

1. Assess suicidal ideation and ensure the patients safety. 

2. Obtain collateral information from other sources to determine the 
child’s functioning and symptoms. 

3. Obtain a thorough family history for symptoms and formal diag- 
noses of mood disorders. 

4. Rule out bipolar disorders by assessing for symptoms of mania or 
hypomania. 

5. Investigate primary or comorbid conditions, such as substance 
abuse. 

6. Consider the role of life stressors in relationship to the 
symptoms. 

Premenstrual dysphoric disorder. Both physical and mood symp- 
toms can occur prior to a female’s menstrual cycle. When the symp- 
toms are severe, they may constitute premenstrual dysphoric disorder, 
the primary features of which are mood lability, irritability, dysphoria, 
and anxiety that appear recurrently during the premenstrual phase of 
a female’s cycle and then resolve around the onset of menses. Delusions 
or hallucinations have been described but are rare. The 12-month 
prevalence is as high as 6% of menstruating women. Onset can be any 
time after menarche. Factors such as stress, a history of trauma, and 
seasonal changes can contribute. The DSM-5 states that the following 
criteria must be met: 

1. In the majority of cycles, at least 4 of the following symptoms: 
marked affective lability (mood swings, increased sensitivity to 
rejection), irritability or anger, increased interpersonal conflicts, 
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depressed mood, feelings of hopelessness or self-deprecating 
thoughts, anxiety, tension 
2. Atleast 1 of the following: decreased interest in activities, difficulty 
concentrating, lack of energy, change in appetite, change in sleep, 
sense of being out of control, physical symptoms of breast tender- 
ness, joint pain, bloating, or weight gain 

3. Symptoms present during the majority of cycles over the year 
prior 

The severity of symptoms is similar to that in other psychiatric 
disorders, such as major depression or generalized anxiety disorder, 
though the duration of symptoms is shorter. Nonetheless, symptoms 
do need to be severe and cause marked impairment in functioning in 
order to satisfy diagnostic criteria. To confirm the diagnosis, daily 
prospective symptom ratings are required for at least 2 cycles. 

Substance-induced mood disorders. Substance-induced disorders 
are distinct from substance use disorders. Whereas the latter refer to 
the negative consequences of substance use over time, the substance- 
induced disorders refer to the immediate effects of substance use— 
intoxication and withdrawal—and to the substance-induced mental 
disorders, which include psychotic disorders, anxiety disorders, 
depressive disorders, bipolar and related disorders, obsessive- 
compulsive and related disorders, sleep disorders, sexual dysfunction, 
delirium, and neurocognitive disorders. The hallmark of substance- 
induced mental disorders is that the symptoms of the disorder are 
attributable to the ingestion of the substance and were not present 
prior to ingestion. While symptoms may abate as the pharmacologic 
activity of the substance abates, repeated use may lead to chronic 
changes in neurophysiology, and as such, behavioral effects may persist 
even when the substance is no longer used. 

The substances specified in the DSM-5 include alcohol, caffeine, 
cannabis (also synthetic cannabinoids), hallucinogens (including 
phencyclidine and others), inhalants, opioids, sedatives/hypnotics/ 
anxiolytics, stimulants, tobacco, and “other.” Defining the symptom 
complex associated with each individual substance is out of the 
purview of this text; however, the possibility of substance use/abuse 
as a cause for behavioral and mood disruption is critical for all 
physicians to recognize. The patient interview should include time 
to speak with the patient individually, without a parent or other 
caregiver present, so as to establish rapport, to incorporate the 
techniques of normalizing and remaining non-judgmental, and to 
encourage a patient to discuss their substance use. 

Adjustment disorder. Adjustment disorder is an excessive or mal- 
adaptive response to a stressor, and diagnosis is contingent upon the 
recognition of a particular stressor. Typical stressors for children and 
adolescents include separations, painful injuries, illness, hospitaliza- 
tion or surgery, parental divorce, change of residency, academic failure, 
and conflict with peers. The DSM-5 criteria for adjustment disorder 
are as follows: 

1. The symptoms develop within 3 months of the stressor. 

2. Significant social and/or academic impairment results. 

3. The symptoms do not meet criteria for mood or anxiety 
disorder. 

4. The symptoms do not represent bereavement. 

5. The symptoms abate 6 months after termination of the stressor. 

This disorder is further classified by the patient’s symptoms, such 
as depressed mood, anxiety, and/or conduct disorder. Affected 
patients may be at increased risk for suicide, particularly if social and/ 
or academic impairment are severe. If the stressor is an illness or its 
treatment, the morbidity of the medical condition may increase as a 
consequence of noncompliance. The differential diagnosis of adjust- 
ment disorder is a mood or anxiety disorder, exacerbation of a person- 
ality disorder, or post-traumatic stress disorder (PTSD). 


Conditions Characterized by Extremes of Mood Lability 


The bipolar disorders include bipolar I disorder, bipolar II disorder, 
and cyclothymic disorder. All are characterized by the presence of 
either mania or hypomania. Mania manifests acutely, leads to signifi- 
cant functional impairments, and is characterized by racing thoughts, 
distractibility, delusions of grandeur, and other disturbances in think- 
ing. Problematic behaviors during a manic episode include reckless- 
ness (e.g., excessive participation in social activities, high-risk sexual 
activity, buying sprees), agitation, decreased sleep, and excessive talk- 
ativeness. A manic episode is defined as an abnormally elevated, 
euphoric, expansive, or irritable mood for at least 1 week unless treated. 

This mood disturbance is associated with at least 3 of the following 

symptoms or 4 if the mood is irritable: 

Grandiosity 

Decreased need for sleep 

Talkativeness 

Racing thoughts 

Distractibility 

Excessive goal-directed activity or psychomotor agitation 

Reckless pursuit of pleasure 

The symptoms of a hypomanic episode are the same, though are 

present for a shorter duration (i.e., 4 days or fewer), are not associated 

with psychotic symptoms of delusions or hallucination, and are not 
severe enough to cause major social or academic dysfunction. Up to 

10% of patients with hypomania will eventually develop mania. 
Bipolar I disorder is characterized by the presence of manic epi- 

sodes. Patients may also have prior or subsequent episodes of hypo- 

mania or major depression, though these are not required. Bipolar II 

disorder is characterized by the presence of major depression episodes 

and hypomania. Cyclothymic disorder is a chronic, cyclic illness of 
hypomania and depressive symptoms without episodes of major 
depression. 

Comorbid psychiatric conditions include eating disorders, ADHD, 
conduct disorders, panic disorders, social phobias, adjustment disor- 
ders, substance use disorders, and substance-induced disorders. The 
lifetime prevalence of bipolar I disorder is as high as 1.6%, and that of 
bipolar II disorder is 0.5%. Approximately 15% of adolescents with 
recurrent major depression eventually develop bipolar illnesses. 

The differential diagnosis of the bipolar disorders includes schizo- 
phrenia and medical conditions that cause changes in mental status, 
particularly thyroid disorders, Cushing disease, and multiple sclerosis 
(see Table 27.3). Substance-induced mood disorders must also be con- 
sidered, particularly those associated with cocaine, tricyclic antidepres- 
sants and selective serotonin reuptake inhibitors. The clinician should 
obtain a detailed family history as bipolar disorder frequently runs in 
families. Because the condition is often undiagnosed in parents, the 
questions should be directed toward the presence of the symptoms for 
bipolar disorders. The following principles should guide the evaluation 
of patients with symptoms of depression or mania: 

1. Recognize the symptoms mania and hypomania. 

2. Remember that depressed patients often have bipolar disorders. 

3. Obtain a thorough family history to look for symptoms of mood 
disorders. 

4. Consider bipolar illnesses in patients with any disruptive disorder 
that does not respond to treatment. 

5. Assess for drug and/or alcohol use as substances may induce bipolar 
disorder, and substance use is frequently a comorbid condition. 
Borderline personality disorder is a chronic personality disorder 

characterized by intense mood lability, impulsivity, identity distur- 

bances, and unstable relationships. The diagnosis may be challenging 
in adolescents whose appropriate psychologic development includes 
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the forging of identity and personality traits; however, since borderline 

personality disorder is associated with significant morbidity and 

potential mortality, it should be considered in the differential diagnosis 

of a patient presenting with significant mood or behavioral issues. 

Diagnosis requires 5 or more of the following: 

1. Significant efforts to avoid real or imagined abandonment 

2. Unstable and intense relationships with extremes of idolization and 
devaluation 

3. Marked identity disturbances with unstable sense of self 

4. Significant impulsivity in at least 2 areas that are potentially self- 

damaging: spending, sexual activity, substance abuse, reckless 

driving, or binge eating 

Recurrent suicidal or self-mutilating behavior 

Intense dysphoria, irritability, or anxiety 

Chronic feelings of emptiness 

Inappropriate anger 

Transient, stress-related paranoia or dissociation 

Both genetic and psychosocial factors are believed to be causative. 

Risk factors for borderline personality disorder include a history of 

abuse, neglect, or early parental loss. The median population preva- 

lence is approximately 6% in primary care settings and is as high as 

10% in outpatient mental health clinics. Females are more frequently 

diagnosed than males, at a ratio of 3:1. 
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Addressing Suicidal Thoughts and Attempts 


Suicide is the second leading cause of death in adolescents, and assess- 
ing the risk of suicide is a critical component in the evaluation of any 
child or teen. Although depression is an important risk factor for 
suicide, only half of adolescents who attempt suicide have clinically 
diagnosable depression. In those without depression, strong predictors 
of suicide are impulsivity and low frustration tolerance. The approach 
to evaluating suicidality is complicated and includes a stepwise process 
of probing first for latent thoughts of suicidality (Table 27.6), then for 
active suicidal intent. Key to this process is assessing whether the child 
is considering acting on thoughts of death or suicide. To assess risk, 
the interviewer should focus on the risk factors for completed suicide, 
which include the following: 

1. Male sex 

2. Adolescence 

3. Formation of a conscious plan 

4. Presence of available means (e.g., medications, firearms) 

5. Depression 

6. Hopelessness 

7. Impulsivity 
8. Low frustration tolerance 
9. Use of intoxicants 
10. Sexual identity conflicts 
11. Recent death of family member or friend 
12. Previous suicide attempts 

Once a patient’s thoughts of suicide have escalated to suicide 

threats, plans, or attempts, this constitutes a medical emergency and 
the patient should be immediately referred to an experienced mental 
health professional or emergency department, and psychiatric hospi- 
talization should strongly be considered. 


CONDITIONS CHARACTERIZED BY WORRY, FEAR, 
AND PANIC 


Conditions Characterized by Worry 

Worries are primarily internal ruminations about the potential to 
experience negative outcomes from typically benign, everyday events. 
While often accompanied by somatic symptoms, such as stomach 
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upset and headache, the hallmark of these disorders is the persistence 
of worry across 1 or more areas of a child’s life. Conditions character- 
ized by worry are categorized by whether they are associated with 
unusual behaviors (Fig. 27.3). 


Worry Without Unusual Behaviors 


Generalized anxiety disorder is characterized by excessive worry and 
concern over many issues. Chronic generalized anxiety may lead to 


TABLE 27.6 Columbia Suicide Severity 
Rating Scale—Screener 


. Have you wished you were dead or wished you could go to sleep and not 
wake up? 
. Have you actually had any thoughts about killing yourself? 


If Yes to 2, answer questions 3, 4, 5, and 6. If No to 2, go directly to 


question 6. 
. Have you thought about how you might do this? 


. Have you had any intention of acting on these thoughts of killing 
yourself, as opposed to you having the thoughts but you definitely would 
not act on them? 

. Have you started to work out or worked out the details of how to kill 
yourself? Do you intend to carry out this plan? 

. Have you done anything, started to do anything, or prepared to do 
anything to end your life? 

Response Protocol to Screening, based on last item answered YES. 
Item 1 — Mental Health Referral at discharge 
Item 2 — Mental Health Referral at discharge 
Item 3 — Care Team Consultation (Psychiatric Nurse) and Patient Safety 
Monitor/Procedures 
Item 4 — Psychiatric Consultation and Patient Safety Monitor/Procedures 
Item 5 — Psychiatric Consultation and Patient Safety Monitor/Procedures 
Item 6 — If over a year ago, Mental Health Referral at discharge 
If between 1 wk and 1 yr ago, Care Team Consultation (Psychiatric 
Nurse) and Patient Safety Monitor 
If 1 wk ago or less, Psychiatric Consultation and Patient Safety Monitor 


From Posner K. Columbia-suicide severity rating scale: screener/ 
recent-self-report. http://www.cssrs.columbia.edu/scales_practice 
_cssrs.html. 
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symptoms of depression or somatic complaints, including abdominal 

pain, nausea, appetite loss, and headaches. Diagnostic criteria are as 

follows: 

1. Excessive anxiety and worry about various issues for more than 6 
months 

2. Difficulty controlling the worry 

3. Anxiety and worry are associated with 3 of the following: 

Restlessness 

Being easily fatigued 

Difficulty concentrating 

Irritability 

Muscle tension 

. Sleep disturbance 

4. Anxiety, worry, or physical symptoms cause significant distress or 
impairment 

The lifetime prevalence of generalized anxiety disorder is approxi- 
mately 5%, with most cases initially presenting during childhood or 
adolescence. The disorder is chronic and worsens during periods of 
stress. Comorbid diagnoses include mood disorders, other anxiety dis- 
orders, and substance use disorders. 

Adjustment disorder with anxiety. The hallmark of adjustment 
disorders is an excessive or maladaptive response to a stressor that is 
out of proportion to that stressor. In adjustment disorder with 
anxiety, the maladaptive response manifests as excessive worry. Stress- 
ors that children and adolescents may encounter include social separa- 
tions, parental divorce, illness, injury, moving, academic failure, and 
peer conflict. Of note, the stressor should not represent a perceived 
threat to the life of oneself or a loved one. DSM-5 diagnostic criteria 
are as follows: 

1. Symptoms develop within 3 months of the stressor 

2. Significant impairment results 

3. The symptoms do not meet criteria for an alternative anxiety 
disorder 

4. The symptoms do not represent bereavement 

5. The symptoms abate 6 months after termination of the stress 
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Worry With Unusual Behaviors 

Obsesssive-compulsive disorder (OCD) is characterized by obsessive 
worries that are briefly relieved by compensatory compulsive behav- 
iors. Obsessions are recurrent and persistent thoughts, urges, or 


What is the primary symptom? 


Worry 


Are there unusual behaviors 
with the worry? 


No | | Yes 


Generalized Anxiety 
Disorder 

Adjustment Disorder 
with Anxiety 


Disorder 
PANDAS 


Yes 


Acute Stress Disorder 
Post-traumatic Stress 


Disorder 


Do fears arise from 
trauma exposure? 


Obsessive-Compulsive 


Panic Disorder 
Agoraphobia 


No 


Specific Phobias 
Social Anxiety Disorder 
Separation Anxiety Disorder 


Selective Mutism 


FIGURE 27.3 Evaluation of worry, fear, and panic. PANDAS, Pediatric Autoimmune Neuropsychiatric Dsor- 


ders Asociated with Streptococcus pyogenes. 
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(See Nelson Textbook of Pediatrics, p. 154.) 


images that the individual attempts to ignore or suppress. Common 
obsessions include fear of contamination or illness, guilt regarding 
sexual thoughts, images of violent or horrific scenes, and urges to 
injure oneself or others. Compulsions are repetitive and excessive acts 
the patient performs to reduce the anxiety elicited by obsessions. Com- 
pulsions may include actions, such as repetitive hand-washing or 
checking locks, or mental acts, such as repeating certain words or 
counting internally. Some patients need to perform a particular action 
a specific number of times in order to satisfy the compulsion. To meet 
criteria for OCD, the compulsive actions must take over an hour a day 
or interfere with the patients day-to-day life. 

Lifetime prevalence of OCD is approximately 2.5%. While females 
are more frequently affected in general, males have a higher prevalence 
during childhood. Children generally present with vague anxiety 
symptoms or poor concentration before clear obsessions and compul- 
sions are seen. In children, OCD is highly comorbid with Tourette 
disorder and ADHD. Other comorbidities include depression, anxiety 
disorders, and eating disorders. 

Pediatric autoimmune neuropsychiatric disorders associated with 
Streptococcus pyogenes (PANDAS). PANDAS is the term proposed 
for a group of neuropsychiatric disorders (particularly OCD, tic disor- 
der, and Tourette disorder) for which a possible relationship with 
group A streptococcal (GAS) infections has been hypothesized. This 
relationship has not been proven. It has been proposed that this subset 
of patients with obsessive-compulsive and tic disorders may produce 
autoimmune antibodies in response to a GAS infection that cross-react 
with brain tissue similar to the autoimmune response believed to be 
responsible for the manifestations of Sydenham chorea. Until carefully 
designed and well-controlled studies have established a causal relation- 
ship between neurobehavioral abnormalities and GAS infections, 
routine diagnostic laboratory testing for GAS and antistreptococcal 
antibodies, long-term antistreptococcal prophylaxis, or immunoregu- 
latory therapy (e.g., intravenous immunoglobulin, plasma exchange) 
to treat exacerbations of this disorder clearly are not recommended. It 
has also been suggested that a broad spectrum of infectious agents may 
have the ability to trigger exacerbations in children with these neurobe- 
havioral disorders. 


Conditions Characterized by Fear 


Fear is an intense emotion centered on a belief that something is dan- 
gerous or painful. Fears may be spontaneous or may arise from previous 
traumatic experiences. While all people experience fear as an emotion, 
in these disorders it causes significant functional impairment. 


Fears Arising Spontaneously 


Specific phobias. The hallmark of a specific phobia is intense fear 
upon exposure to a particular stimulus or situation, or occasionally 
upon thinking about or visualizing the stimulus. The fear is out of 
proportion to the actual danger. The fear response in children typically 
manifests as clinging, crying, having a tantrum, or “freezing.” Common 
specific phobias include animals, heights, enclosed places, exposure to 
blood, or venipuncture. Specific phobias peak in childhood and early 
adulthood. Diagnostic criteria of a specific phobia are as follows: 

1. Intense fear is caused by a particular stimulus. 

2. The object or situation almost always provokes immediate fear or 
anxiety. 

3. Stimuli are avoided or endured with great distress. 

4. The fear is out of proportion to the actual danger. 

5. The fear persists 6 months or longer. 

Social anxiety disorder (social phobia). Social anxiety disorder is 
a specific phobia in which the stimulus is either a social or performance 
task. Diagnostic criteria include the following: 
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1. Marked fear about 1 or more social situations 

2. Individual fears that he or she will act in a way that will be nega- 
tively evaluated 

3. Social situations almost always provoke fear or anxiety 

4. Social situations are avoided 

5. Fear is out of proportion to the actual threat posed by the social 
situation 

6. Fear or anxiety persists 6 months or longer 

Social phobias most often begin in adolescence and are twice as 
common in boys as in girls. Children with social anxiety often refuse 
group play, stay close to familiar adults, and appear excessively timid 
in unfamiliar situations. Children may report somatic complaints, such 
as headaches or stomachaches, which abate when the child is allowed 
to remain home. Social phobia may be comorbid with panic disorder, 
other anxiety disorders, mood disorders, and substance abuse. 

Separation anxiety disorder. The core fear in separation anxiety 
disorder is separation from a specific attachment figure or figures. Fear 
of separation is normal in infants and children aged 6-30 months but 
should be considered abnormal if increasing or not declining beyond 
this age range. Diagnosis requires the presence of symptoms for greater 
than 4 weeks. At least 3 of the following symptoms must be present: 
Distress with separation 
Worry about losing loved ones 
Worry about an event causing separation 
Refusal to go away from home 
Reluctance to be alone 
Refusal to fall asleep alone 
Repeated nightmares of separation 
Somatic complaints when separation occurs or is anticipated 
The prevalence of separation anxiety disorder is as high as 5%, with 
onset typically in early childhood. Patients with separation anxiety 
disorder often display their worries as demands or behavioral out- 
bursts, which may cause significant family conflict. Comorbid condi- 
tions include major depressive disorder and panic disorder with 
agoraphobia. 

Selective mutism. Patients with selective mutism have a persistent 
failure to speak in specific, but not all, situations. Children with selec- 
tive mutism are often shy in public but controlling at home in order 
to maintain proximity to parents. Diagnostic criteria include the 
following: 

1. Consistent failure to speak in specific social situations 

2. Failure to speak interferes with achievement or 
communication 

3. Duration of at least 1 month 

4. Failure to speak is not due to lack of knowledge of the spoken 
language 

5. Disturbance is not better explained by a communication or other 
psychiatric disorder 

The differential diagnosis includes communication disorders, 
autism spectrum disorders, and social anxiety disorder. Selective 
mutism may be a more severe form of social anxiety disorder. 
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Fears Arising from Traumatic Events 


A traumatic event is defined as an exposure to actual or threatened 
death, serious injury, or sexual violence. Responses to traumatic events 
include hyperarousal, avoidance of circumstances reminiscent of the 
event, or re-experiencing the event via nightmares and flashbacks. 
Acute stress disorder and PTSD are characterized by severe and per- 
sistent trauma responses that lead to impaired function. Symptoms are 
divided into 4 clusters: intrusion, avoidance, negative alteration in 
cognition and mood, and marked alterations in arousal and activity. 
Acute stress disorder is the persistence of at least 9 of the 14 defined 


symptoms, regardless of symptom cluster designation, for 3 days to 1 
month after exposure to a traumatic event. In contrast to acute stress 
disorder, PTSD must include symptoms from each of the separate 
symptom clusters. Exposure to the traumatic event includes directly 
experiencing the event, witnessing the event, learning the event 
occurred to a family member or close friend (caregiver for children 
under 6), or experiencing repeated or extreme exposure to details of a 
traumatic event. 

1. Intrusion symptoms 

a. Distressing memories of the event 

b. Dreams in which content or effect of the dream is related to the 
event (in children, does not need to be related to event) 

c. Dissociative reactions in which the individual feels the event 
is recurring (flashbacks) (in children, may be reenactment 
in play) 

d. Psychologic distress at exposure to reminders of the event 

e. Marked physiologic reactions to reminders of the event 
2. Avoidance 

a. Avoidance or efforts to avoid distressing memories (children 
may avoid places or physical reminders) 

b. Avoidance of external reminders (children may avoid people, 
conversations, or interpersonal relationships) 

3. Negative alterations in cognition and mood 

a. Inability to remember an important aspect of the traumatic 
event (not a criterion for a child under 6 years of age) 

b. Persistent and exaggerated negative beliefs (not a criterion for a 
child under 6 years of age) 

c. Persistent, distorted thoughts about cause or consequences of 
trauma (not a criterion for a child under 6 years of age) 

d. Persistent negative emotional state (fear, guilt, sadness, shame) 

Decreased interest in activities (constriction of play in children) 

f. Feelings of detachment (socially withdrawn behavior in 
children) 

g. Persistent inability to experience positive emotions (express 
positive emotions in children) 

4. Alterations in arousal 

a. Irritable behavior and angry outbursts (with little provocation) 

b. Reckless or self-destructive behaviors (not a criterion in a child 
under 6 years of age) 

Hypervigilance 

Exaggerated startle response 
Problems with concentration 
. Sleep disturbance 

While as many as 30% of children will have some symptoms of 
acute stress disorder following a trauma, only 10% will meet diagnostic 
criteria. The significance of acute stress disorder in predicting eventual 
development of PTSD remains unclear. 

Comorbid diagnoses include panic disorder, social phobia, sub- 
stance abuse, OCD, somatic symptom disorder, and major depressive 
disorder. In addition to PTSD, childhood trauma and other significant 
stressors, together known as adverse childhood experiences, have been 
found to predispose children to chronic medical and mental health 
conditions. These medical conditions include ischemic heart disease, 
cancer, chronic lung disease, skeletal fracture, and liver disease. 
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Conditions Characterized by Panic 


Panic disorder. Panic attacks may be a component of many psy- 
chiatric disorders. While panic disorder is characterized by recurrent 
and unexpected panic attacks, the hallmark of panic disorder is per- 
sistent concern over having additional attacks, worry about the conse- 
quences of an attack, or a significant change in behavior related to the 
attacks. Panic attacks occur suddenly, peak within 10 minutes, often 
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resolve without intervention, and consist of at least 4 of the following 
symptoms: 
Palpitations or tachycardia 
Diaphoresis 
Trembling or shaking 
Shortness of breath or sensation of smothering 
Feelings of choking 
Chest pain 
Nausea or abdominal discomfort 
Dizziness or feeling faint 
Chills or heat sensation 
Paresthesias 
Derealization (feelings of unreality) or depersonalization 
. Fear of losing control or “going crazy” 
Fear of dying 
The 1-year prevalence rate of panic disorder is as high as 3.5%. The 
age of onset is bimodal, with the largest peak occurring in adolescence 
and a smaller one in the mid-30s. Panic disorder in prepubertal chil- 
dren is rare. 

Patients with panic disorder have a high degree of comorbid condi- 
tions. Over half of patients may have major depressive disorder. There 
is a high frequency of other anxiety disorders, such as social phobia, 
OCD, and generalized anxiety disorder. Patients with panic disorder 
are also at great risk for substance abuse as a consequence of 
self-medicating. 

Agoraphobia. Agoraphobia is characterized by intense anxiety over 
developing a panic attack or other incapacitating or embarrassing 
symptoms in a place from which the person cannot escape or in which 
help may not be available. Diagnosis requires that the anxiety manifest 
in at least 2 of the following situations: 

1. Riding public transportation 
2. Being in open spaces 

3. Being in enclosed spaces 

4. 
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Standing in line or in a crowd 

Being outside of the home alone 
The anxiety is present nearly every time an individual is exposed to the 
situation they fear and may also develop when the child knows that he 
or she may be placed in one of these situations. While agoraphobia 
does present in childhood, the peak of onset is late adolescence and 
early adulthood. It is seen in about 1.7% of adolescents. Females are 
affected twice as frequently as males. Agoraphobia is typically preceded 
by panic disorder, phobias, and separation anxiety disorder. Other 
comorbidities, such as depression and substance use disorder, often 
follow the presentation of agoraphobia. 


CONDITIONS CHARACTERIZED BY MENTAL 
STATUS ABNORMALITIES 


The evaluation of mental status changes (Fig. 27.4) involves first deter- 
mining whether the abnormality is limited—such as hallucinations 
unaccompanied by changes in cognition or consciousness—or perva- 
sive (see also Chapter 31). The abnormality should then be classified 
by whether it is episodic or persistent. Finally, the mental status change 
should be classified as either acute or chronic. An example of a limited, 
episodic, acute change in mental status is the development of halluci- 
nations secondary to acute anxiety. In contrast, autism represents a 
pervasive, persistent, and chronic alteration in mental status. 


Conditions Characterized by Hallucinations 

Hallucinations—the apparent perception of something that does not 
exist in reality—may be an indication of a medical condition, poor 
visual or auditory function, the ingestion of a substance, or a 
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What is the primary symptom? 


Hallucinations | | Persistent delay in development 


Are there other mental 
status changes? 


No | | Yes 


Fantasy-based Does mental status 
hallucinations fluctuate? 


Grief 
Sleep-associated No Yes 
hallucinations 


Delirium 
Substance intoxication 


Night terrors 
Phobic hallucinations 
Febrile hallucinations 


Schizophrenia 


or withdrawal 


Are there repetitive patterns of behavior 
and deficits in social communication? 


No | | Yes 


Other cause of Autism Spectrum Disorder 
delayed development 


Autoimmune encephalitis 


FIGURE 27.4 Evaluation of abnormal mental status findings. 


psychiatric illness (see Fig. 27.4). The vast majority of hallucinations 
in preadolescent children do not ultimately represent a serious psychi- 
atric or medical illness. Hallucinations occur in as many as 5% of 
normal children. 

The first step in evaluating hallucinations is to assess the patient’s 
mental status. Most children with hallucinations have an otherwise 
normal mental status. If the primary alteration in mental status is 
confusion, medical delirium should be considered (see Chapter 31). 
The presence of delusions—beliefs that are maintained despite being 
objectively contraindicated by reality—should prompt consideration 
of schizophrenia or mood disorders. Most hallucinations associated 
with delirium are visual, whereas those observed in psychoses are typi- 
cally auditory. Auditory hallucinations may be perceived as chatter or 
as a voice that chastises the child. Culture can often shape the content 
of hallucinations and whether the sensory experiences are considered 
worrisome or abnormal by the patient and family. Children with an 
otherwise normal mental status may hallucinate in the context of 
fantasy, grief, sleep, acute phobia, and fever. 

Fantasy-based hallucinations. To define a subjective perceptual 
experience as hallucinatory, the person experiencing the phenomenon 
has to be able to distinguish imagination from reality. As they develop, 
children gradually learn that imagination and reality are two separate 
entities. Children under 3 years of age confuse reality with imagination. 
By 4 years of age, children understand the concept of “pretend,” and 
by 7 years of age, they understand imagination but act as though the 
fantasy is still real. They may still describe having an imaginary friend. 
By 8 years of age, most children are reliably able to distinguish inner 
thoughts from voices. Some children are involved in more fantasy than 
are their peers and may engage in fantasy for entertainment or comfort. 
On occasion, they may get carried away by their fantasies and become 
quite fearful. Most of these children proceed to healthy psychologic 
adjustment. Children who have intellectual disability or other devel- 
opmental delays may, appropriately, have imaginary friends or voices 
into adolescence. 

Grief-induced hallucinations. The grieving process following the 
death of a loved one may include visual hallucinations of the deceased. 
These hallucinations can also be auditory, in which the child hears the 
voice of the deceased speaking to the child. The child’s and the family’s 
reaction to these hallucinations is dependent on their cultural and 
religious beliefs. Some families may perceive these events as a super- 
natural or a religious experience. Although these experiences may be 
frightening to some young children, many find reassurance or comfort. 

Hallucinations associated with sleep. Dreamlike hallucinations 
can occur during various stages of sleep. Some may be considered 


bizarre by the patient and may include partial preservation of con- 
sciousness. Hypnagogic hallucinations occur during sleep onset and 
hypnopompic hallucinations occur during awakening. The overall 
prevalence of hypnagogic hallucinations is as high as 37%; that of 
hypnopompic hallucinations is as high as 12.5%. Patients with insom- 
nia or excessive daytime sleepiness may be more likely to experience 
sleep-related hallucinations. As many as 30% of patients with narco- 
lepsy experience both hypnagogic and hypnopompic hallucinations. 
These hallucinations can also occur as part of PTSD, in which case they 
often take the form of a flashback or re-experiencing of the traumatic 
event. Night terrors may resemble hallucinations, though are a distinct 
entity of non—rapid eye movement sleep arousal. The DSM-5 defines 
sleep terror disorder as recurrent episodes of night terrors. During 
episodes, the child appears to arouse from sleep and cries or screams 
inconsolably, may speak unintelligibly, and exhibits intense fear and 
autonomic arousal (e.g., tachycardia, sweating). On awakening, the 
child has no memory of the event. Episodes of night terrors last from 
1-10 minutes. Night terrors occur during stage 4 sleep and not during 
rapid eye movement sleep and tend to occur in the first half of the 
night. Over 30% of 18-month-old toddlers will experience a night 
terror, with the prevalence decreasing to 2.2% by adulthood. Seizures, 
especially of the temporal and frontal lobes, can produce fear and 
complex behavior patterns resembling night terrors, and should be 
considered in the differential diagnosis of night terrors. 

Phobic hallucinations. Acute phobic hallucinations occur in 
preschool-aged children and consist of episodes of hallucinations 
coupled with terror. These hallucinations last from 10-60 minutes and 
may occur any time of the day but mostly at night. During episodes, 
the child may become very frightened, state that bugs are crawling over 
him or her and attempt to remove them, cry, or hide. Because of the 
acute change in mental status, this condition must be differentiated 
from the medical and psychotic causes of hallucinations, such as delir- 
ium. The cause of acute phobic hallucinations is unknown. Phobic 
hallucinations are most frequently seen in children with a personal or 
family history of anxiety. Symptoms usually last 1-3 days and diminish 
over 1-2 weeks. 

Febrile hallucinations. Preschool-aged children may hallucinate 
during high fevers. The hallucinations are temporary and are not asso- 
ciated with future psychiatric disorders. The phenomenon may repre- 
sent a mild form of delirium and typically requires only reassurance 
for management, as well as evaluation for the source of fever. Persistent 
hallucinations, impaired consciousness, and changes in cognition, such 
as not recognizing parents or difficulty completing previously accom- 
plished tasks, suggest frank delirium and require further evaluation. 


Schizophrenia. Schizophrenia is a disorder of chronic, persistent 
psychosis (loss of reality testing) that often presents in adolescence or 
young adulthood. Symptoms are divided into 4 domains: positive 
symptoms, negative symptoms, cognitive symptoms, and mood symp- 
toms. Positive symptoms consist of psychotic symptoms (such as hal- 
lucinations), delusions (fixed false beliefs), and disorganized speech 
and behavior (loose associations). Negative symptoms consist of 
social withdrawal, flattening of affect, alogia (i.e., speaking in brief 
sentences), abulia, apathy, and avolition (i.e., lack of desire to do any- 
thing) (see Table 27.4). The flat affect may consist of a reduction in 
body language, lack of eye contact, and emotional unresponsiveness 
(see Table 27.4). Cognitive symptoms are characterized by deficits in 
executive function and an inability to appreciate and react appropri- 
ately to social cues. Mood symptoms often consist of depression 
though may also consist of context-inappropriate cheerfulness or 
sadness. The symptoms may fluctuate over time, and as such, schizo- 
phrenia is divided into 2 phases: prodromal and active. Diagnostic 
criteria for schizophrenia specify 2 or more of the following charac- 
teristic symptoms: 

Delusions 

Hallucinations 

Disorganized speech 

Grossly disorganized or catatonic behavior 

Negative symptoms, such as flat affect 

At least 1 symptom must be delusions, hallucinations, or disorga- 
nized speech and the symptoms must appear in the context of signifi- 
cant social and educational dysfunction. There must also be continuous 
indications of the disturbance for at least 6 months, with at least 1 
month of active-phase symptoms. Medical causes and mood disorders 
need to be excluded (Table 27.7; see Table 27.3). 

During the prodromal phase, the patient exhibits progressive 
negative symptoms. During this period, the patient may also have 
unusual beliefs that are not of the magnitude of true delusions or hal- 
lucinations. The patient may have magical thinking or may perceive 
that someone is talking to him or her, but no words are hallucinated. 

During the active phase of schizophrenia, the patient has at least 2 
characteristic symptoms for more than 1 month, unless the symptoms 
have been shortened by treatment. The most common delusions in 
this disorder are persecutory (e.g., the patient is being spied on) and 
referential (e.g., external events or comments are directed toward the 
patient). Other less common delusions may be somatic (e.g., internal 
organs are replaced by others), religious, or grandiose in nature. Hal- 
lucinations are most commonly auditory, but may emanate from any 
sensory modality. 

The disorganized speech may be incomprehensible, and the patient 
may be unable to organize a logical conversation. The behavior prob- 
lems consist of inappropriate dress, disheveled appearance, unpro- 
voked aggression, and catatonia, decreased responsiveness to the 
environment. If symptoms have not been present for 6 months, the 
provisional diagnosis of schizophreniform disorder is applied. 
Approximately 65% of patients with schizophreniform disorder have 
symptoms that last longer than 6 months and are reclassified as having 
schizophrenia. 

Schizophrenia is exceedingly rare and is often a misdiagnosis prior 
to 13 years of age. If diagnosed prior to this age, it is labeled as child- 
hood onset or very early onset schizophrenia. Prevalence is approxi- 
mately 2.5/100,000 in children under 13 years of age and 6/100,000 in 
adolescents. Forty percent of males and 23% of females with schizo- 
phrenia will have onset during adolescence. The differential diagnosis 
of schizophrenia consists of delirium, dementia, mood disorder, per- 
vasive developmental disorders, and substance ingestion (Table 27.8; 
see Table 27.3). The prognosis of schizophrenia is guarded, with 
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TABLE 27.7 Features Suggesting 
Neurologic Disease in Patients with 
Psychiatric Symptoms 


Atypical Psychiatric Features 
Late or very early age of onset 

Acute or subacute onset 

Lack of significant psychosocial stressors 
Catatonia 

Diminished comportment 

Cognitive decline 

Intractability despite adequate therapy 
Progressive symptoms 


History of Present Illness 

New or worsening headache 

Inattention 

somnolence 

Incontinence 

Focal neurologic complaints such as weakness, sensory changes, 
incoordination, or gait difficulty 

Neuroendocrine changes 

Anorexia/weight loss 


Patient Medical History 

Risk factors for cerebrovascular disease or central nervous system 
infections 

Malignancy 

Immunocompromised status 

Significant head trauma 

Seizures 

Movement disorder 

Hepatobiliary disorders 

Abdominal crises of unknown cause 

Biologic relatives with similar diseases or complaints 


Unexplained Diagnostic Abnormalities 
screening laboratories 

Neuroimaging studies or possibly imaging of other systems 
Electroencephalogram 

Cerebrospinal fluid 


From Perez DL, Murray ED, Price BH. Depression and psychosis in 
neurological practice. In: Daroff RB, Jankovic J, Mazziotta JC, 
Pomeroy SL, eds. Bradley's Neurology in Clinical Practice. 7th ed. 
Philadelphia: Elsevier; 2015. 


TABLE 27.8 Potential Behavioral and 
Cognitive Manifestations of Substance Abuse 


Depression Impulsivity 
Panic attacks Cognitive deficits: 
Anxiety Attention 


Hallucinations Calculation 
Delusions Executive tasks 
Paranoia Memory 

Mania Fatigue 
Depersonalization Sedation 
Disinhibition 


From Perez DL, Murray ED, Price BH. Depression and psychosis in 
neurological practice. In: Daroff RB, Jankovic J, Mazziotta JC, 
Pomeroy SL, eds. Bradley's Neurology in Clinical Practice. 7th ed. 
Philadelphia: Elsevier; 2015. 


significant morbidity and mortality. The risk of suicide is high early in 
the illness. The disorder is chronic and is associated with exacerbations 
and remissions. Even with optimal therapy, patients with schizophre- 
nia have significant social deficits, poor initiative, and abnormal 
thought processes. 


Conditions Characterized by Fluctuating Mental Status 


Delirium. Delirium is characterized by deficits in cognition and 
consciousness that develop over a short time (see Chapter 31). Diag- 
nostic criteria include the following: 

1. Disturbance in awareness and attention (i.e., reduced ability to 
direct, focus, sustain, and shift attention) 

2. Change in cognition (e.g., memory deficit, disorientation, language 
disturbance, perceptual disturbance) that is not better accounted 
for by a preexisting, established, or evolving dementia 

3. Disturbance develops over a short period of time and tends to 
fluctuate over time 

4. There is evidence of a medical, substance-induced, or toxin-induced 
cause 
Children with delirium may misinterpret auditory or visual stimuli 

or may have actual hallucinations. The hallucinations of delirium are 

different from those seen in psychosis in that they are more often visual 


TABLE 27.9 Clinically Relevant Toxidromes 


Toxidrome Clinical Findings 


Cholinergic 


Anticholinergic 


sympathomimetic 


sympatholytic 


Opioid 


hypotension 


Serotonin syndrome 


hyperthermia 


Neuroleptic malignant 
syndrome 


CNS, central nervous system; MDMA, methylenedioxymethamphetamine. 


Diarrhea, fecal incontinence, enuresis, miosis, tachycardia followed by 
bradycardia, lacrimation, sialorrhea, sweating, muscle fasciculations 
followed by weakness and/or paralysis, altered mental status 


Agitated delirium, flushing, decreased sweating, tachycardia, 
mydriasis, urinary retention, decreased peristalsis, hyperthermia 


Mydriasis, hyperthermia, seizures, hyperactivity, hypertension, 
tachycardia, diaphoresis, delusions, piloerection 


Miosis, hypotension, bradycardia or reflex tachycardia, CNS depression 


Miosis, CNS depression, respiratory depression or apnea, may have 


Mental status changes, autonomic hyperactivity, neuromuscular 
abnormalities, akathisia, tremor, clonus, muscle hypertonicity, 


Fever, ‘lead pipe” muscular rigidity, altered mental status, autonomic 
dysfunction (in setting of recent treatment with neuroleptics) 
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and acute in onset, whereas those resulting from psychoses are usually 
auditory and are subacute or chronic. 

Besides altered sensorium, patients often have decreased sleep or 
reversal of the sleep/wake cycle and may exhibit psychomotor agitation 
or retardation. Delirium is indicative of global cerebral dysfunction. 
Because causes of delirium are potentially life threatening, an expedi- 
ent and comprehensive medical evaluation is needed. 

Substance intoxication. Intoxication is defined as clinically signifi- 
cant behavioral or psychologic changes following the use of a sub- 
stance. The most common signs of intoxication are changes in 
perception, wakefulness, attention, thinking, judgment, coordination, 
and interpersonal behavior. Physical findings suggest particular classes 
of medications and cluster into recognizable patterns of signs and 
symptoms termed toxidromes (Table 27.9). If the suspected cause of 
altered mental status in a patient is substance intoxication, urine and 
blood toxicology testing should be performed. 

Patients who present with substance intoxication should be evalu- 
ated for whether the ingestion represented an attempt at self-harm or 
suicide. Some substance intoxications will require medical hospitaliza- 
tion, if severe. Patients being treated for psychiatric illnesses may be at 
risk of 2 particular toxidromes related to their medical therapy, sero- 
tonin syndrome and neuroleptic malignant syndrome. 


Example Agents 


Organophosphate and 

carbamate insecticides 
Amanita muscaria 
Nicotine 


Atropine 
Benztropine 
scopolamine 
Diphenhydramine 
Cocaine 


Methamphetamine 
MDMA 


Clonidine 
Methyldopa 
Oxymetazoline 


Heroin 
Morphine 
Fentanyl 
Oxycodone 


Sertraline 
Fluoxetine 
Citalopram 
Linezolid 
Trazodone 
Meperidine 
Tramadol 
Haloperidol 
Chlorpromazine 
Promethazine 
Prochlorperazine 
Ziprasidone 
Quetiapine 


From Skolnik AB, Wilcox SR. General toxicology and toxidromes. In: Critical Care Secrets. bth ed. St. Louis: Mosby; 2013:545-551. 


Serotonin syndrome. The triad of cognitive-behavioral changes, 
autonomic instability, and neuromuscular signs and symptoms are 
characteristic of the central serotonin syndrome. Patients frequently 
manifest behavior alterations that include confusion, disorientation, 
agitation, and irritability. Coma, anxiety, seizures, hallucinations, and 
hypomania are less common. 

Central serotonin syndrome results from excessive central nervous 
system serotonin activity from dietary supplements or the use of 
substances that modify central nervous system serotonin levels. 
Most commonly, these agents are selective serotonin reuptake inhibi- 
tors or other substances that inhibit serotonin reuptake, including 
tricyclic antidepressants, meperidine, dextromethorphan, and 3,4- 
methylenedioxymethamphetamine (MDMA). Other substances, such 
as amphetamines, cocaine, and levodopa, increase synaptic serotonin 
release, while others such as lithium and lysergic acid diethylamide, 
are serotonin agonists. Monoamine oxidase inhibitors inhibit sero- 
tonin degradation. 

Autonomic features of serotonin syndrome include hyperthermia, 
diaphoresis, and tachycardia. Hypertension, mydriasis, and tachypnea 
are less common. Neuromuscular features include myoclonus, hyper- 
reflexia, tremor, restlessness, hyperactivity, and ataxia. Neuroleptic 
malignant syndrome is included in the differential diagnosis and is 
distinguished by neurologic exam since neuroleptic malignant syn- 
drome presents with hyporeflexia and lead-pipe muscular rigidity. 

Neuroleptic malignant syndrome. The hallmark of neuroleptic 
malignant syndrome is severe generalized rigidity, fever, and altered 
mental status consisting of delirium or stupor. Other findings include 
diaphoresis, significant creatine kinase elevation, autonomic instabil- 
ity, urinary incontinence, tachypnea, and pallor. While rare, as many 
as 0.02% of individuals treated with antipsychotics are affected and 
fatality rates are as high as 20% if the condition is not recognized and 
managed appropriately. Differentiation from serotonin syndrome is 
based on medication review, and the presence of significant rigidity, 
which serotonin syndrome lacks. 


Conditions Characterized by Persistent 


Delay in Development 

Delayed development (see Chapter 24) is a broad category of illnesses 
that can cause specific or global delays. The causes of general develop- 
mental delay encompass many conditions; in more than half the cases, 
a medical condition has caused the delay. These medical conditions 
include genetic disorders (5%), alterations of embryonic development 
(30%), perinatal or prenatal disorders (10%), and other medical illness 
of childhood (5%). Another 15-20% of cases are caused either by 
deprivation or by severe mental disorders, such as autism spectrum 
disorder. Specific developmental delays may be secondary to a medical 
condition such as cerebral palsy, learning disorders, or communication 
disorders. 

Autism spectrum disorder. Autism spectrum disorder is character- 
ized by severe impairment in social communication and interaction, 
as well as restricted, repetitive patterns of behavior, interests, or activi- 
ties. In the DSM-5, the previously distinct subtypes of autism, Asperger 
disorder, and pervasive developmental disorder not-otherwise-speci- 
fied have been incorporated into a unified diagnosis of autism spec- 
trum disorder. Diagnosis requires the presence of the following 3 
deficits in social communication: 

1. Deficits in social-emotional reciprocity 

2. Deficits in nonverbal communicative behaviors used for social 
interaction 

3. Deficits in 
relationships 


developing, maintaining, and understanding 
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The patient also needs to demonstrate 2 of the following symptoms 
of repetitive patterns of behavior, interests, or activities: 

1. Stereotyped or repetitive motor movements, use of objects, or 
speech 

2. Insistence on sameness, inflexible adherence to routines, or ritual- 
ized behaviors 

3. Highly restricted, fixated interests 

4. Hyper- or hyporeactivity to sensory input or unusual interest in 
sensory aspects of the environment. 

Autism spectrum disorder typically is recognized during the 2nd 
year of life, when the lack of interest in social interaction, loss or 
lack of developing language skills, odd play patterns, and unusual 
communication patterns become more apparent. Despite potential 
loss of language early in life, autism is not a degenerative disorder, 
and developmental gains are typically seen. Intellectual disability may 
be seen with autism spectrum disorder and is listed as a specifier for 
diagnosis. However, patients with autism typically have uneven intel- 
lectual profiles, making thorough neuropsychologic testing highly 
recommended. Other comorbidities are common and include ADHD, 
anxiety disorders, developmental coordination disorder, specific learn- 
ing disorders, avoidant/restrictive food intake disorder, seizures, and 
depressive disorders. Medical comorbidities are common and include 
epilepsy, sleep problems, and constipation. 


CONDITIONS CHARACTERIZED BY PHYSICAL 
FINDINGS OR COMPLAINTS 


Parents may present to the primary care provider with unexplained 
physical complaints on behalf of the child. These complaints may be 
inconsistent with the results of the medical evaluation and may fail to 
respond to any medical therapy. These unexplained physical com- 
plaints may be the manner in which a patient copes with a stressor. 
The patient may not be aware of the stressor, nor may the patient 
realize that these symptoms emanate from his or her effort to cope 
with the problem. The clinician should empathize with the patient, 
validate the presence of the symptoms, then state which potentially 
serious medical conditions are reasonably felt to be unlikely based on 
the patient’s history, examination, and diagnostic evaluation. The clini- 
cian should highlight the notion that stress can produce or worsen 
symptoms and should recommend that the possibility of stress be 
evaluated while the clinician continues to monitor the patient for other 
medical illnesses. Key to the evaluation is determining whether the 
symptoms are more concerning primarily to the parent or to the child. 


Conditions Characterized by Parental Concerns 


Parental worry. Parents may worry excessively about their child’s 
health because of a preceding life-threatening event or illness, mistrust 
of the medical profession, or as an expression of their own fear of 
having a serious condition themselves. These parents do not invent the 
child’s symptoms but instead experience an exaggerated worry about 
symptoms. The evaluation of a parent’s excessive concern over the 
child’s health may be further subdivided into specific concerns versus 
general medical worries. 

Specific medical concerns are often related to prior life-threatening 
events or illnesses, or previous negative experiences with the health 
care system. Reassurance after an appropriate and thorough medical 
evaluation may reduce parental anxiety. When the parent reveals the 
past incident that led to distrust of the reassurances of doctors, the 
clinician may be able to reduce the parent’s worry through open dis- 
cussion on the differences between past and current events. 

If the parent reports that he or she worries about everything, the 
clinician should determine whether this is a recent development or a 


chronic concern. Parents with an acute onset of general medical 
worries about their children may suffer from a recent stressor or may 
have anxiety, depression, or OCD. Reassurance alone may be insuffi- 
cient under these circumstances and the parent’s generalized worries 
may not improve until their own symptoms improve. 

Factitious disorder imposed on another (formerly Munchausen 
syndrome by proxy) (see also Chapter 26). This disorder is a condition 
in which the patient either feigns or produces symptoms and physical 
findings in their child to fulfill an underlying need to assume the sick 
role and receive care. There is no external reward for these symptoms, 
in contrast to malingering, in which the symptoms result in either 
economic gain or in avoidance of responsibilities. 

Red flags include unexplained and prolonged illnesses, incongru- 
ous symptoms and signs, ineffective medical treatments, and prior 
episodes of sudden infant death syndrome. The offending caregiver 
may not seem worried about the child’s medical condition. Some care- 
givers may form an unusually close relationship with the medical staff; 
however, there are many exceptions, in which the caregiver is instead 
neglectful, disruptive, and argumentative. 

When this entity is suspected, the first step in evaluation is to ensure 
the child’s safety, which may require hospitalization on a medical ward. 
With safety assured, the next step is to develop a definitive investigative 
plan with a multidisciplinary team consisting of mental health profes- 
sionals, physicians, social services, child abuse specialists, and the legal 
system. This plan may include surveillance by covert video camera, 
with appropriate hospital legal advice and oversight, and an approved 
protocol. 


Conditions Characterized by the Patient's 


Physical Complaints 

Psychologic stressors may result in the development of physical symp- 
toms. Evidence that supports a stressor as a cause of the symptom 
is the potential gain from the symptom and the temporal relationship 
of the stressor and the symptom. For example, a child may develop 
chronic fatigue symptoms on the anniversary of his or her mother’s 
death, or a patient’s persistent abdominal pain from inflammatory 
bowel disease may prevent the patient from returning to school, despite 
medical evidence that the disease is in remission. These symptoms 
seem real to the child and cause a great deal of distress. Extreme mani- 
festations of these concerns include the somatic symptom disorders. 

Illness anxiety disorder (hypochondriasis). In illness anxiety dis- 
order, the child either fears that he or she has a serious illness or focuses 
on minor discomforts with a worry that he or she may have a life- 
threatening illness. The hallmark is not the physical symptom but the 
anxiety over what the symptom represents. Illness anxiety disorder is 
often associated with other anxiety and depressive disorders; conse- 
quently, these patients may appear sad, irritable, or fatigued and should 
be screened for suicidal ideation or intent, as well as evidence of other 
comorbid psychiatric disorders. 

Somatic symptom disorder. Somatic symptom disorder requires 
the presence of a physical symptom that is distressing. That symptom 
must then lead to 1 of the following 3 behaviors: 

1. Disproportionate and persistent thoughts about the seriousness of 
one’s symptoms 

2. Persistently high level of anxiety about health or the symptom 

3. Excessive time and energy devoted to the health concern. 

In addition, the patient must have at least 1 symptom for 6 months. 
This is separate from illness anxiety disorder as the patient’s com- 
plaints are focused on the symptom, not anxiety about developing 
a life-threatening illness. It is important to note that, in contrast to 
conversion disorder, the symptom does not have to be medically 
unexplainable. 
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Associated comorbid conditions are major depressive disorder, 
panic disorder, substance abuse, borderline personality disorder, and 
antisocial personality disorder. This is a chronic condition that rarely 
remits. The psychiatric differential diagnosis is extensive and includes 
major depression, schizophrenia with somatic delusions, panic disor- 
ders (in which symptoms occur only during an attack), generalized 
anxiety disorder, and factitious disorder. 

Factitious disorder. Factitious disorder consists of a patient induc- 
ing symptoms or signs to assume the role of being sick and to receive 
care. There is no secondary gain, such as escaping responsibilities or 
receiving money, as is found with malingering. The onset of this dis- 
order usually occurs in early adulthood; it can also occur in childhood. 
Patients are at risk for substance use disorders (secondary to using 
agents to induce symptoms) as well as for complications from associ- 
ated diagnostic evaluations and unnecessary surgical procedures. On 
confrontation, they may either change their symptoms or try to seek 
medical care elsewhere. 

Conversion disorder (functional neurologic symptom disor- 
der). The diagnosis of conversion disorder is based on the presence of 
1 or more symptoms of altered voluntary motor or sensory function. 
Symptoms may take the form of weakness, paresthesias, or paroxysmal 
episodes of erratic movements that may be mistaken for seizure activ- 
ity. The history, physical examination, and neurologic diagnostic evalu- 
ation, including the use of long-term video electroencephalogram 
monitoring in the case of paroxysmal movements, demonstrate incom- 
patibility between the symptom and any medical condition. Unlike 
somatic symptom disorder, in which patients have excessive thoughts, 
feelings, or behaviors associated with the voluntary motor or sensory 
function, conversion disorder is an unconscious phenomenon. 

Onset is usually in late adolescence or early adulthood. A typical 
episode is acute, follows a recent stressor, and is of relatively short 
duration, typically less than 4 weeks. The symptoms may solve a psy- 
chologic conflict. For example, complaints of blindness may prevent a 
patient from being witness to traumatic events in his or her environ- 
ment. Common childhood stressors associated with conversion disor- 
ders are grief, bullying, and abuse. Major depressive disorder and 
anxiety disorders are associated with conversion disorders. 


Conditions Characterized by Changes in Eating or Weight 


Anorexia nervosa. Anorexia nervosa is an eating disorder in 
which the patient restricts caloric intake due to a significant fear 
of gaining weight and distorted body image. There are 2 subtypes, 
restricting type and binge-eating/purging type. Diagnostic criteria 
are as follows: 

1. Restriction of energy intake leading to a significantly low body 
weight 

2. Intense fear of gaining weight or becoming fat 

3. Distorted perception of body size, undue influence of body weight 
or shape on self-evaluation, or lack of recognition of severity of low 
body weight. 

Patients with anorexia nervosa will often go to great lengths to hide 
their intent and symptoms, oftentimes by wearing baggy clothes, by 
explaining that excessive and vigorous exercise are required for sports 
participation, by rationalizing food restriction as health consciousness, 
by complaining that allergies ruin the taste and smell of food, or by 
concealing purging behaviors, such as induced vomiting or diarrhea. 
Because of frequent concealment, the detection of these behaviors is 
challenging. 

The prevalence of anorexia nervosa is as high as 1%; almost 90% 
of cases occur in females. Although this condition is associated with 
higher socioeconomic status, it can occur in persons from a variety of 
socioeconomic backgrounds and in all ethnic groups. 


Besides weight loss, patients with anorexia nervosa may develop 
symptoms of depression or may withdraw socially secondary to the 
physiology of starvation. Actual loss of appetite is rare, though patients 
with anorexia have been found to have higher levels of leptin, which 
suppresses appetite. Patients with anorexia may develop obsessive- 
compulsive behavior regarding food, such as collecting recipes or 
hoarding food. These patients may also have inflexible thinking or feel 
the need to control their environment. 

Anorexia nervosa may affect every organ system, and presenting 
symptoms and signs are secondary to malnutrition and purging. The 
symptoms of malnutrition are fatigue, depression, and amenorrhea. 
The physical findings of malnutrition are bradycardia, hypothermia, 
hypotension, emaciation, hair loss, yellow skin, and lanugo. If the 
patient controls caloric intake through purging via vomiting, findings 
may include hypertrophic salivary glands, dental erosions secondary 
to gastric acid irritation, and abrasions or calluses on the dorsum of 
the hand secondary to manual induction of vomiting. The metabolic 
abnormalities related to starvation and purging consist of leukopenia, 
anemia, hyperamylasemia from parotid gland irritation, vomiting- 
related metabolic alkalosis or laxative-associated metabolic acidosis, 
thyroid abnormalities, hypomagnesemia, hypocalcemia, hypozince- 
mia, and electrolyte abnormalities resulting from diuretic abuse and 
dehydration. These patients also have regression of the hypothalamic- 
pituitary-gonadal axis, which results in low estrogen levels in girls and 
low testosterone levels in boys. 

In evaluating an adolescent with unexplained weight loss, the 
examiner must rule out the medical causes of cachexia such as malig- 
nancy, malabsorption (celiac disease), or inflammatory bowel disease. 
Interview data that support a diagnosis of anorexia nervosa are a 
restrictive dietary history, distorted perception of body shape, and 
rationalization of the causative behaviors. Once the medical causes for 
weight loss have been ruled out, the examiner must consider the psy- 
chiatric differential diagnosis for anorexia nervosa and its associated 
comorbid conditions. These conditions are major depressive disorder, 
the abuse of stimulants, OCD, social phobia, body dysmorphic disor- 
der, and bulimia nervosa. If the patient has symptoms of depression 
that fail to resolve with the correction of malnutrition, the clinician 
should also consider the diagnosis of major depressive disorder. 

Anorexia nervosa is associated with both life-threatening psycho- 
logic conditions (i.e., suicide) and medical conditions (e.g., electrolyte 
abnormalities, cardiac failure, starvation). The lifelong rate of mortal- 
ity secondary to anorexia nervosa in patients who require hospitaliza- 
tion is more than 10%. Some of the possible medical complications 
are osteoporosis resulting from hypocalcemia with low serum estrogen 
levels, cardiomyopathy, anemia, sepsis resulting from malnutrition- 
induced immunodeficiency, arrhythmias resulting from electrolyte 
abnormalities, and superior mesenteric artery syndrome. The superior 
mesenteric artery syndrome, which is characterized by postprandial 
vomiting and pain secondary to intermittent gastric outlet obstruc- 
tion, is more common in anorexia nervosa as profound weight loss is 
believed to result in the loss of the intraabdominal fat pad between the 
duodenum and superior mesenteric artery. 

Bulimia nervosa. Diagnostic criteria for bulimia nervosa are as 
follows: 

1. Recurrent episodes of binge eating (eating more than what most 
individuals would eat in a discrete period and a sense of lack of 
control over eating) 

2. Recurrent inappropriate purging (compensatory behaviors for 
controlling weight gain, such as induced vomiting, laxative misuse, 
diuretic misuse, prolonged fasting, or excessive exercise) 

3. Binge eating and compensatory measures occur at least once a week 
for 3 months 
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4. Self-evaluation is unduly influenced by body shape and weight 

5. Does not occur within anorexia nervosa 
Bulimia nervosa is twice as common as anorexia nervosa and has 

a later onset, typically in late adolescence. Unlike anorexia nervosa, 
there is not significant food restriction or low body weight. Like 
anorexia nervosa, it is more common in females (90%) and can occur 
in any socioeconomic background. Almost 90% of patients control 
their weight gain by purging. Other methods for controlling weight are 
excessive exercise and fasting before binge eating. 

Comorbid psychologic conditions are common in bulimia nervosa 
and include mood disorders, personality disorders, anxiety disorders, 
and substance use. Approximately 30% of patients who use medica- 
tions to control weight also have substance use disorders, typically of 
alcohol or stimulants. In contrast to anorexia nervosa, significant 
medical complications occur less commonly in bulimia nervosa. If 
present, comorbid medical conditions of bulimia nervosa are associ- 
ated with vomiting or medication abuse. These conditions are esopha- 
gitis and gastritis, cardiomyopathy (particularly if syrup of ipecac is 
used to induce vomiting), hypokalemia and nephrolithiasis from 
diuretic abuse, metabolic alkalosis from vomiting and metabolic aci- 
dosis from laxative abuse, and increased amylase levels. 

Concealment of symptoms coupled with the lack of cachexia makes 
bulimia nervosa difficult to detect. Some patients may present to the 
clinician because of a parent’s detection of binge eating and purging. 
Physical findings that suggest recurrent vomiting are dental erosion, 
parotid hypertrophy, callus abrasions on the dorsum of the hand 
known as Russell sign, and pharyngeal irritation. 

Binge eating disorder. Binge eating disorder consists of recurrent 
binge eating episodes without compensatory behaviors to prevent 
weight gain. Patients with binge eating disorder may be of normal 
weight or overweight. DSM-5 criteria are as follows: 

1. Recurrent episodes of binge eating (eating more than what most 
individuals would eat in a discrete period and a sense of lack of 
control over eating) 

2. Binge-eating episodes are associated with 3 of the following: 

a. Eating much more rapidly than normal 

b. Eating until feeling uncomfortably full 

c. Eating large amounts of food when not hungry 

d. Eating alone because of embarrassment by how much one is 

eating 

e. Feeling disgusted, depressed, or guilty afterward 
3. Marked distress regarding binge eating is present 
4. Binge eating occurs, on average, at least once a week for 3 months 

Binge eating disorder is distinct from obesity as most individuals 
with obesity do not engage in recurrent binge eating episodes. At this 
time, there is limited data regarding the prevalence of binge eating 
disorder in youths. In adults, it is roughly twice as common in females. 

Avoidant/restrictive food intake disorder (ARFID). The hallmark of 
this condition is avoidance or restriction of food intake in infancy or 
early childhood that is not related to a disturbance in the way in which 
one’s body weight or shape is experienced. The restriction in eating 
must be associated with 1 or more of the following: 

1. Significant weight loss 

2. Significant nutritional deficiency 

3. Dependence on enteral feeding tubes or supplements 

4. Marked interference with psychosocial functioning 
Two common reasons that patients develop ARFID are an aversion 

to the sensory characteristics of food or a conditioned negative 

response to eating. Examples of sensory aversions include extreme 
sensitivity to appearance, color, smell, texture, or taste of food. It is 
separate from “picky eating” in that the restriction leads to 1 of the 
above outcomes. A conditioned negative response to eating could 


result from an episode of choking, trauma to or traumatic investiga- 
tions of the throat or upper gastrointestinal tract, or repeated vomit- 
ing. Risk factors for ARFID include anxiety disorders, autism spectrum 
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disorder, OCD, ADHD, familial anxiety, gastroesophageal reflux 
disease, vomiting, and other gastrointestinal conditions. 


Suicide is the second leading cause of death in adolescents. Identifying 
suicidal ideation and intent is crucial in the evaluation of patients 
presenting with changes in mood or behavior. Changes in mood or 
behavior carry a significant burden for patients, their family members, 
and society as a whole. Many psychiatric illnesses have comorbid psy- 
chiatric and medical conditions that require thoughtful and deliberate 
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assessment, and many psychiatric symptoms may be secondary to an 
underlying medical condition. Red flags include risk-taking behavior, 
violence, poor school performance, poor attention to personal 
appearance and hygiene, deteriorating social interaction, reduced 
appetite, weight loss, reduced or excessive sleeping, delusions, and 
hallucinations. 
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INTRODUCTION 


Headaches are classified as primary or secondary. Primary headaches 
are benign, are not caused by underlying disease or structural prob- 
lems, and include migraines, tension-type headaches, and the trigemi- 
nal autonomic cephalgias (Table 28.1). While primary headaches may 
cause significant pain and disability, they are not intrinsically danger- 
ous. Secondary headaches are caused by an underlying disease, such 
as infection, tumor, intracranial hemorrhage, or a vascular disorder, 
and may indicate an innocuous etiology or portend a serious illness. 
Most headaches in children are primary headaches or harmless 
secondary headaches. History and physical examination guide the 
diagnosis of primary headache disorders, assess the degree of headache- 
related disability, and reveal information that may prompt evaluation 
for secondary headaches. Each subsequent visit allows for assessing the 
response to therapy and considering secondary headaches, the causes 
of some of which may be life threatening. 


$ History 


The specific headache diagnosis is determined by the headache phe- 
notype, which is defined in terms of laterality, location (Figs. 28.1, 28.2, 
and 28.3), timing, frequency, duration, quality, severity, associated 
symptoms, and alleviating and aggravating factors. In most cases, a 
single phenotypic headache is present. If the patient has more than 1 
type of headache, the clinician must obtain a specific history for each 
type. Ideally, the history should be obtained from the child, parent, and 
any other caregivers, including teachers. Even a young child should be 
given the opportunity to describe the symptoms experienced with each 
headache episode and may use drawings to do this. 

The laterality and location of the pain should be established (see 
Figs. 28.1, 28.2, and 28.3). If the pain is unilateral, it should be noted 
whether the pain is always on 1 side or if the side varies. The loca- 
tion may be fairly restricted or more widely distributed; if the location 
varies from 1 episode to another, this should be noted as well. The 
timing, frequency, and duration of headaches should be described, 
as the temporal patterns of headaches are useful in both creating a 
differential diagnosis and classifying the subtype of a particular head- 
ache diagnosis. The temporal categories of headache include acute, 
acute recurrent, chronic nonprogressive, and chronic progressive 
(Table 28.2). 

The severity of a headache does not necessarily correlate with the 
seriousness of its etiology. Pain caused by brain tumors may initially 
be mild, whereas the pain of tension-type headaches may be 
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excruciating. Pain is subjective and may be influenced by age, culture, 
duration, and previous encounters with medical care, leading some 
patients to unintentionally minimize or exaggerate their pain; as such, 
pain alone should not be used to narrow the differential diagnosis. An 
exception to this principle is the thunderclap headache, in which pain 
onsets suddenly, reaches maximum severity within seconds, and is 
oftentimes described by patients as the worst headache they have ever 
had. Such headaches may indicate subarachnoid hemorrhage, arterial 
dissection, or venous sinus thrombosis, among other causes (Table 
28.3). Numerical scales, or visual scales for younger children, are 
helpful for quantifying pain and determining the efficacy of treatment. 
In older patients, descriptive phrases, such as mild, moderate, severe, 
and excruciating, may suffice. 

Associated symptoms such as hemiparesis, ataxia, visual loss, di- 
plopia, scotomas, vertigo, seizure-like activity, confusion, mood or 
behavioral changes, autonomic symptoms, and hemisensory occur- 
rences may suggest neurologic dysfunction or a migraine-related aura. 
Any history of fevers, syncope, nausea, vomiting, and appetite changes 
should also be ascertained. Special note should be made if the pain 
awakens the patient from sleep, is present upon awakening in the 
morning, or worsens when recumbent; these findings may indicate 
increased intracranial pressure. Events associated with the onset or 
aggravation of headaches, such as trauma, intake of particular foods, 
or physical exertion, may provide insight into the etiology of head- 
aches, as well as potential triggers to avoid. Alleviation via rest or po- 
sitional changes should be noted, as should the response of the 
headaches to particular medications. A thorough medication history 
is essential for diagnosing analgesic overuse headaches and headaches 
caused by medication side effects. The use of over-the-counter medica- 
tion and prescription medications, including medications that have 
not been prescribed for the patient, should be delineated, as well as any 
supplements or traditional remedies. Both primary and secondary 
headaches may respond to medications and such a response is not 
diagnostic of any particular headache disorder. For example, relief of 
an acute headache by triptans is not diagnostic of migraine, as triptans 
may also be effective for other causes of headache. An exception 
is certain trigeminal autonomic cephalgias, which respond only to 
indomethacin. 

In patients with recurring headaches, the history may be clarified 
by keeping a headache diary, which can additionally determine head- 
ache patterns, identify triggers, aid diagnosis, and assess the efficacy of 
therapy (Table 28.4). A headache diary may also assist in determining 
the degree of disability caused by the headache. Disability evaluation 
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TABLE 28.1 Differential Diagnosis of Headache 


Characteristic Accompanying 
Headache Type Genetics Epidemiology Features Length Symptoms 


Migraine headache Complex genetics but More frequent in Unilateral, bilateral; Hours to days Photophobia, phonophobia, 
usually a family history women throbbing; moderate to nausea and/or vomiting 
severe; worsens with 
activity 
Tension-type headache Usually a family history Equal frequency in Tight bandlike pain; Hours to days No nausea or vomiting; small 
men and women bilateral; pain may be amount of light or sound 
mild to moderate; sensitivity, but not both 
improves with activity 
Cluster headache May have a family More frequent in Unilateral severe pain in Minutes to hours Ipsilateral ptosis, miosis, 
history men the face rhinorrhea, eyelid edema, 
tearing 
Paroxysmal hemicrania Usually no family history More frequent in Unilateral pain in the Minutes Ipsilateral ptosis, miosis, 
women face rhinorrhea, eyelid edema, 
tearing; responds to 
indomethacin 
Short unilateral headache No family history More frequent in Unilateral eye pain; orbit Typically 4 Conjunctival injection, tearing 
with conjunctival men pain minutes 
injection, tearing or less 


Hemicrania continua No family history More frequent in Unilateral continuous Continuous Ipsilateral ptosis, miosis, 
women headache with episodic rhinorrhea, eyelid edema, 
stabbing pains tearing 


From Digre KB. Headaches and other head pain. In: Goldman L, Schafer Al, eds. Goldman-Cecil Medicine. Vol. 2. 25th ed. Philadelphia: Elsevier; 
2016:2357, Table 398-2. 


TABLE 28.2 Four Temporal Patterns of 
Childhood Headache 


Acute: Single episode of pain without a history of such episodes. The 
“first and worst’ headache, which raises concerns for aneurysmal 
subarachnoid hemorrhage in adults, is commonly due to a febrile illness 
related to upper respiratory tract infection in children. Regardless, more 
ominous causes of acute headache (hemorrhage, meningitis, tumor) must 
be considered. 


TABLE 28.3 Main and Rare Causes of 
Thunderclap Headache 


Main Causes Rare Causes 


Vascular Disorders 
Subarachnoid hemorrhage Pituitary apoplexy, arteritis, anglitis 
Intracerebral hemorrhage Unruptured vascular malformation, 
Cerebral venous thrombosis aneurysm 
Spontaneous intracranial Arterial hypertension 

hypotension Cerebral segmental vasoconstriction 
Cervical artery dissection 


Acute recurrent: Recurrent attacks of pain separated by symptom-free 
intervals. Primary headache syndromes, such as migraine or tension-type 
headache, usually cause this pattern. Infrequently, recurrent headaches 
can sometimes also be attributed to certain epilepsy syndromes (benign 
occipital epilepsy), substance abuse, or recurrent trauma. 


Nonvascular Disorders 


Greater occipital neuralgia 
Intermittent hydrocephalus by 
colloid cyst 


Chronic progressive: Most ominous of the temporal patterns; implies 
a gradually increasing frequency and severity of headache. The pathologic 
correlate is increasing intracranial pressure. Causes of this pattern include 
pseudotumor cerebri, brain tumor, hydrocephalus, chronic meningitis, 
brain abscess, and subdural collections. 


Infections 

Meningitis, encephalitis Erve virus 
Chronic nonprogressive or chronic daily: Pattern of frequent or Sinusitis 
constant headache. Chronic daily headache generally is defined as >4-mo 


i ; . Primary Headache Disorders 
history of >15 headaches/mo, with headaches lasting >4 hr. Affected 


. : — . Migraine Cluster headache 
patients have normal neurologic examinations; psychologic factors and : ! : 
era Bader Primary thunderclap headache Tension headache, new daily 
A D 5 55 a 5 U Primary exertional headache persistent headache 
From Marcdante KJ, Kliegman RM. Headache and migraine. In: Primary cough headache 
Marcdante KJ, ed. Nelson E. tials of Pediatrics. 7th ed. Elsevier: 
1 x < ° I Sui From Linn FHH. Primary thunderclap headache. In: Aminoff MJ, ed. 


Handbook of Clinical Neurology. Vol. 97. New York: Elsevier; 2010: 
473-481. 


Common locations of tension 
headache —migraine may 
occur in the same location 


Common locations of migraine 
headache —tension headache 
may also be unilateral 


É 
“Hatband” Occipital 
B distribution distribution 


FIGURE 28.1 Common location of migraine (A) and tension (B) head- 
aches. (From Reilly BM. Practical Strategies in Outpatient Medicine. 
2nd ed. Philadelphia: WB Saunders; 1991.) 


Ocular disease? 

Maxillary sinusitis? 

Dental infection? 
Allergic/vasomotor rhinitis? 
Nasopharyngeal tumor? 


Ocular disease? 
Frontal sinusitis? 


Temporomandibular syndrome? 
Temporal arteritis? 
Tension headache? 


Migraine? Trigeminal neuralgia? 
Cluster? Migraine? 
Cluster? 


FIGURE 28.2 Periorbital headache. (From Reilly BM. Practical Strate- 
gies in Outpatient Medicine. 2nd ed. Philadelphia: WB Saunders; 1991.) 
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Periorbital or 
frontotemporal 
location is usual 


Tears and 

nasal stuffiness, 
often unilateral, 
accompany the 
headache 


Duration is 
usually brief 
(1 hour) 


FIGURE 28.3 Cluster headache. (From Reilly BM. Practical Strategies 
in Outpatient Medicine. 2nd ed. Philadelphia: WB Saunders; 1991.) 


TABLE 28.4 The Headache Diary for 
Recurring Headaches 


Date 
Time of onset 
Time of resolution 
Maximum level of pain (mild, moderate, or severe or 
according to a visual or numerical pain scale) 
Triggers: 
Sleep 
Foods 
Activities 
Medications 
Modifiers: 
Response to position changes or Valsalva maneuver 
Medications used (dose, response) 
Other modifiers 
Additional symptoms 


*|f more than 1 type of headache exists, the types should be defined 
and labeled, and separate data should be recorded for each type. 


may be augmented by school attendance and performance records. For 
example, headaches that improve with the onset of the summer school 
holiday may suggest that a child is struggling academically or is being 
bullied at school. In younger children, where detailed personal descrip- 
tions of pain may be more difficult to obtain and record in a diary, 
videos of the headache episodes may aid diagnosis. 

The past medical history may reveal potentially serious causes of 
secondary headaches that require prompt evaluation, such as sickle 
cell disease, thyroid disorders, parathyroid dysfunction, malignancy, 
hypercoagulability, hypertension, immunodeficiency, congenital heart 
disease, and arteriovenous malformations. Allergic rhinitis and other 


SECTION 6 Neurosensory Disorders 


atopic disorders are also associated with headaches. Infantile colic, 
benign paroxysmal torticollis, cyclic vomiting syndrome, and benign 
paroxysmal vertigo are considered episodic syndromes that may be 
associated with migraine and may precede the development of typical 
migraine symptoms later in life. In females, a menstrual history should 
be obtained, including details of the cycle and the timing of head- 
aches with respect to the menstrual cycle. A history of secondary 
amenorrhea could suggest pituitary or other central nervous system 
neoplasms. 

The family history should be probed for any genetic predisposition 

to migraines, aneurysms, other vascular malformations, or brain neo- 
plasms. A negative family history for primary headaches should cause 
the clinician to be more cautious in assigning the diagnosis of a 
primary headache disorder. Social history should investigate for psy- 
chosocial factors that may influence or be influenced by headaches, 
such as school performance, the relationships between family members, 
recent changes in social structure, and substance abuse in the patient 
or the family. The provider should also screen for indications of neglect 
or abuse. Detailed psychologic evaluation with screening for symptoms 
of depression and anxiety may be indicated. 
Throughout the history, the clinician should constantly assess for 
warning signs of serious and sometimes life-threatening causes of sec- 
ondary headache. The identification of any of these red flag symptoms 
should cause concern and lead promptly to further investigation 
(Table 28.5). 


TABLE 28.5 History-Related Red Flags for 
Secondary Headaches 


Quality: 
“Thunderclap” headache or the “worst headache of my life” 
Recent worsening in severity or frequency 
Change in quality 
New-onset symptoms consistent with cluster headache 
Location: 
Unilateral without alteration of sides 
Chronic or recurrent occipital headache 
Timing: 
Awakens from sleep 
Occurs in morning or causes morning vomiting 
Chronic progressive pattern 
Positional or activity-related variations: 
Worsened in the recumbent position 
Headache experienced with cough or the Valsalva maneuver 
Associated neurologic history: 
Altered sensorium during headache 
sensory deficits or changes in vision, gait, or coordination 
Other focal neurologic deficits 
Seizures or syncope 
Mental status changes (e.g., confusion or disorientation) 
Regression in fine or gross motor developmental skills 
Decline in cognition or school performance 
Change in behavior or personality 
Associated general history: 
Vomiting without nausea 
Polyuria or polydipsia 
Preschool or younger age 
History of head trauma 
Medical comorbidities 
Negative family history of primary headache disorders 


$ Physical Examination 


Abnormalities in the examination may provide clues to the underlying 
etiology of secondary headaches, and red flags may identify specific 
diagnoses of concern (Table 28.6). Vital signs assessment may reveal 
elevated blood pressure, which may be the cause of headache, signal 
increased intracranial pressure, or herald an underlying renal abnor- 
mality. Fever may be a sign of an infectious or inflammatory process. 
Growth parameters, including height, weight, body mass index, and 
head circumference should be obtained. Poor weight gain may indicate 
an underlying chronic illness associated with headaches, such as celiac 
disease, respiratory disorders, neurofibromatosis type 1, or neglect. 
Obesity should alert the clinician to assess for symptoms of obstructive 
sleep apnea or pseudotumor cerebri. Enlarged head circumference 
associated with signs of headache or other evidence of increased intra- 
cranial pressure warrants alarm. 

The general examination starts with assessment of mental status 
and overall level of distress. The head and neck examination should 
assess specifically for nasal congestion, sinus tenderness, and signs of 
allergic rhinitis, such as boggy nasal turbinates. Frontal bone tender- 
ness could be an early sign of Pott puffy tumor, a complication of 
frontal sinusitis. Tenderness over the mandibular condyle in children 
with dental malocclusion, or jaw crepitus in patients with arthritis, 
may indicate temporomandibular joint dysfunction as a cause of 
headache. Thorough lymphatic, respiratory, cardiac, and abdominal 
examinations should also be completed. Genitourinary examination 
should include pubertal stage, as headaches may be associated with 


TABLE 28.6 Physical Examination Red 
Flags for Secondary Headaches 


Hypertension 
Growth failure 
Increased head circumference or bulging fontanel 
Meningeal signs with or without fever 
Evidence of cranial trauma 
Cranial bruit 
Frontal bony tenderness 
Abnormal ophthalmologic findings: 
Papilledema 
Abnormal ocular movements 
squinting 
Pathologic pupillary response 
Visual field defects 
Abnormal neurologic findings: 
Impaired mental status 
Cranial nerve palsy 
Ataxia 
Abnormal gait 
Abnormal coordination 
Abnormal reflexes 
Asymmetric motor or sensory examination 
Hemiparesis 
Developmental regression 
Precocious, delayed, or arrested puberty 
Skin findings: 
Café-au-lait or ash leaf macules 
Petechiae or purpura 
Facial hemangioma 
Malar rash 
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TABLE 28.7 Headache Disorders Associated with Neurologic Signs 


Headache Pain Profile 
Complicated migraine AR 

Migraine with brainstem aura AR 

Acute confusional migraine 

Vasculitis 

Brain neoplasm or mass 


Hydrocephalus 


Neurologic Sign 

Hemiparesis, aphasia, paresthesia, hemianopsia 

Dysarthria, vertigo, tinnitus, hypoacusis, diplopia, ataxia, decreased level of consciousness 
Alteration in migraine sensorium, stupor, agitation, fugue state 

Seizure, changes in sensorium 

Papilledema, focal deficit 

Papilledema, bilateral sixth nerve palsies, increased motor tone, impaired upward gaze 


and Parinaud syndrome 


Pseudotumor cerebri 


Subarachnoid hemorrhage, 
ruptured aneurysm 


Subdural or epidural hemorrhage 
Sagittal sinus thrombosis 
Meningitis, encephalitis 

Optic neuritis 


A, acute; AR, acute recurrent; CP, chronic progressive. 


endocrine disorders. Skin should be evaluated for petechiae, atopic 
findings, and lesions associated with neurocutaneous syndromes such 
as neurofibromatosis or tuberous sclerosis. Signs of trauma should 
be noted. Neurologic examination should be detailed and include 
assessments of mental status, cranial nerves, auditory function, sensa- 
tion, motor strength, reflexes, gait, coordination, and speech. When- 
ever possible, a thorough ophthalmologic examination should be 
undertaken, including visual acuity testing and a funduscopic evalu- 
ation for papilledema. In a young child, much of the neurologic 
examination is completed through observation or engaging the child 
in play to elicit findings. A complete ophthalmologic evaluation may 
be limited by lack of cooperation or comprehension. If the clinician 
is unable to complete or interpret the neurologic and ophthalmologic 
assessments, the support of a neurologist and ophthalmologist may 
be required. If the results of either examination suggest a structural 
brain lesion or increased intracranial pressure, neuroimaging is war- 
ranted (‘Table 28.7). However, many causes of headache, including 
some serious diseases early in their course, do not present with abnor- 
mal findings on physical examination or have fluctuating abnormal 
findings (Table 28.8). A single normal physical examination does not 
exclude pathology; thus, periodic reassessments are essential if head- 
ache persists. 


® Neuroimaging 

Most children do not require neuroimaging for headaches, particularly 
children with recurrent headaches and normal neurologic examina- 
tions. Neuroimaging in the assessment of headaches in children is 
indicated under the following circumstances: (1) abnormal neurologic 
findings, (2) headaches occurring early in the morning or waking the 
child from sleep, (3) associated confusion, disorientation, or signs of 
increased intracranial pressure, (4) presence of a ventricular shunt, (5) 
recent trauma, and (6) age less than 3 years. Additional indications for 
neuroimaging include recent onset of severe headache, incompatibility 
of headache with a primary headache disorder diagnosis, change in the 
pattern or severity of a previously stable headache, and a history of 
neurologic dysfunction beyond typical aura symptoms (‘Table 28.9). In 
specific cases, neuroimaging may be considered when there is history 
of a brain tumor in the family, fear by the patient or the parents of 
underlying pathology, or an inability to obtain an accurate physical 
examination due to lack of patient cooperativity. 


Papilledema, constricted visual fields, enlarged blind spot 
Changes in sensorium, focal neurologic signs, meningismus 


Focal neurologic signs, papilledema, changes in sensorium 
Papilledema, focal neurologic deficits, changes in sensorium, seizures 
Papilledema, focal neurologic deficits, changes in sensorium, seizures 
Papillitis, decreased visual acuity, afferent pupillary defect 


TABLE 28.8 Headache Disorders with No 
Neurologic Signs 


Pain Profile 
CN, AR 
Migraine without aura AR, CN 
Cluster headache AR 

AR, CN 

Fever A 

Anoxia A 


Medication overuse 


Headache Disorder 
Tension-type headache 


Hypertension, uncomplicated 


Caffeine withdrawal 
Early hydrocephalus or brain mass 


Cough headache, uncomplicated 


Meningitis, uncomplicated 

Sinusitis, dental or pharyngeal abscess 
Temporomandibular joint syndrome 
Postconcussive syndrome 

Conversion disorder 


A, acute; AR, acute recurrent; CN, chronic nonprogressive; CP, 
chronic progressive. 


Magnetic resonance imaging (MRI) and computed tomography 
(CT) are the 2 neuroimaging modalities to consider (Table 28.10). CT 
remains the most sensitive and rapid method for detecting acute intra- 
cranial bleeding, and is preferred in emergency situations or when MRI 
is contraindicated or unavailable. MRI ts otherwise the preferred imaging 
modality, offering superior visualization of soft-tissue contrast and 
gray-to-white matter differentiation without exposing the patient to 
the ionizing radiation associated with CT scanning. While gadolinium 
contrast for MRI is considered safe, it is not usually necessary. MRI 
may involve the need for sedation, particularly in younger children. 
Normal neuroimaging and a single normal neurologic examination 
should not give complete reassurance. Follow-up assessment of 
ongoing symptoms or for changes in the physical examination remains 
necessary. 
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TABLE 28.9 Reasons to Obtain 
Neuroimaging in a Child with Headache 


Abnormal neurologic findings (including papilledema) 

Associated confusion, disorientation, or signs of increased intracranial 
pressure 

Change in pattern or severity of previously stable headache 

Cough headache 

Headache consistent with trigeminal autonomic cephalgia 

Headache occurring in the morning or waking the child from sleep 

Headache with known concerning underlying disorder or insult 

History of neurologic dysfunction (outside of typical aura symptoms) 

Incompatibility of headache with primary headache disorder or unusual 
headache in a child 

Meningeal signs without fever 

Recent onset of severe headache 

Recent trauma 

Seizures 

“Thunderclap” headache or “worst headache of my life” 

Ventriculoperitoneal shunt 

Young age (less than 6 yr) or inability to describe headache 


TABLE 28.10 Neuroimaging Modalities 


Advantages of Magnetic Resonance Imaging 

Most vascular malformations are detected 

Accurate detection of tumors in temporal lobes and posterior fossa, and 
small tumors that obstruct CSF flow (quadrigeminal plate and third 
ventricular) 

Paranasal sinuses usually included in the examination without special 
request 

More sensitive for detecting transependymal CSF in cases of borderline 
hydrocephalus 

Diagnostic for Chiari malformations 

Magnetic resonance angiography can detect many aneurysms 

Magnetic resonance venography can detect cortical vein and dural sinus 
thrombosis 


Advantages of Computed Tomography 

Can rapidly diagnose intracranial bleed 

shorter imaging time, important in evaluating ill patients 

May be used in patients with pacemakers, metal implants (surgical clips), 
and cosmetic tattoos (MRI may turn off pacemakers and dislodge the 
clips; tattoos distort the image) 

Less expensive and easier access than MRI 


CSF, cerebrospinal fluid; MRI, magnetic resonance imaging. 


® Laboratory Investigations 


Routine blood work is not indicated when history suggests a primary 
headache disorder and physical and neurologic examinations are 
normal. Findings in the history, physical examination, or neuroimag- 
ing that dictate directed laboratory evaluation are listed in Table 28.11. 


CLASSIFICATION OF HEADACHES 


Headaches are classified broadly as primary or secondary. The acuity 
or chronicity of the headache helps to guide the development of the 
differential diagnosis (Fig. 28.4). 


TABLE 28.11 


Potentially Useful 
Laboratory Tests in Children with Headaches 


Laboratory Test Possible Cause of Headache 


Infection (elevated white blood cell count); 
bleeding diathesis (thrombocytopenia); 
anemia 


Complete blood count 


CSF examination with 
opening pressure 


Infection, vasculitis, pseudotumor cerebri, 
subarachnoid hemorrhage after CT is normal 


Toxicology assays Substance abuse, possible toxin exposure, 


carbon monoxide 
Hypercoagulation panel 
ESR, ANA, ANCA 
Genetic tests Familial hemiplegic migraine, MELAS 
EEG Seizure disorder 
Electrolytes, ECG, UA 
VP shunt radiographic series Malfunctioning VP shunt 


Unexplained venous sinus thrombosis 
Vasculitis 


Hypertension 


Blood glucose Hypoglycemia or hyperglycemia 


Serum calcium Hyperparathyroidism 


ANA, antinuclear antibody; ANCA, antineutrophil cytoplasmic 
antibodies; CSF, cerebrospinal fluid; CT, computed tomography; 
ECG, electroencephalography; EEG, electroencephalogram; 
ESR, erythrocyte sedimentation rate; MELAS, mitochondrial 
encephalomyopathy, lactic acidosis, and stroke-like episodes; 
UA, urinalysis; VP, ventriculoperitoneal. 


Primary Headaches 


There are 3 categories of primary headaches: tension-type headache, 
migraine headache, and the trigeminal autonomic cephalgias. Tension- 
type headache and migraine are the most common headache types in 
children and adolescents. 


Tension-Type Headaches 


Tension-type headache (TTH) occurs in up to 15% of older children. 
Prevalence increases with age such that TTH is the most frequent 
headache type in children between 8-12 years of age. Younger children 
also experience both episodic and chronic TTH, usually with mild to 
moderate symptoms. 

These headaches have a typical pattern. Patients awaken feeling 
well, with pain beginning gradually and escalating throughout the day. 
Pain is constant, squeezing, nonpulsatile, and located in a band extend- 
ing from the front of the head, across the temples, and toward the 
occiput or neck. Photophobia and phonophobia may accompany these 
headaches but are not a constant feature; patients with tension-type 
headache typically do not experience both photophobia and phono- 
phobia in the context of a single episode. Unlike migraine headaches, 
routine physical activity does not tend to influence the severity of the 
headache. In patients with long-standing pain, the headaches may 
assume characteristics of migraines; indeed, tension-type headaches 
often accompany other headache disorders. 

Tension-type headaches are classified as either episodic or chronic. 
Both episodic and chronic TTH are further classified as having associ- 
ated pericranial tenderness or as lacking such tenderness. This tender- 
ness is typically present between headaches and increases during 
episodes. Episodic tension-type headache is categorized as either 
infrequent or frequent. Infrequent episodic TTH is defined as 10 or 
more episodes total, occurring less than once per month on average. 
Frequent episodic TTH is defined as 10 or more episodes total, occur- 
ring on 1-14 days per month on average for over 3 months. Individual 
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FIGURE 28.4 Decision-making algorithm in the assessment of headache. The temporal pattern of the headache must be clarified. Each 
pattern (acute, recurrent episodic or acute recurrent, chronic progressive, chronic nonprogressive) has its own differential diagnosis. CNS, 
central nervous system; CSF, cerebrospinal fluid; CT, computed tomography; ENT, ear, nose, and throat; LP; lumbar puncture; MRI, magnetic 
resonance imaging; s/p, status post; TAC, trigeminal autonomic cephalgias. (From Pomeranz AJ, Sabnis S, Busy SL, Kliegman RM. Pediatric 
Decision-Making Strategies. 2nd ed. Philadelphia: Elsevier; 2016:185-186.) 
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FIGURE 28.4, cont'd 


episodes of either may last from 30 minutes to as long as a week and 
have at least 2 of the following features: (1) bilaterallocation, (2) press- 
ing or tightening (nonpulsating) quality, (3) mild or moderate inten- 
sity, (4) not aggravated by routine physical activity such as walking or 
climbing stairs. Nausea or vomiting must be absent; if present, migraine 
should be considered. Either photophobia or phonophobia may be 
present; if both are present simultaneously, migraine should be con- 
sidered. Chronic tension-type headaches are defined as headaches 
occurring at least 15 days a month for over 3 months, with features 
otherwise similar to episodic TTH. 

Psychosocial history may uncover the cause of the headache. 
Adjustment disorders and depression may be either the underlying 


causes or reactions to chronic pain. Sleep disturbances, school absences, 
and chronic analgesic use are common. However, some patients with 
chronic TTH may have negative psychosocial histories. In some highly 
motivated and successful children, the headaches may be a reaction to 
the stress associated with achievement. In this instance, school atten- 
dance is usually perfect and the patient continues to achieve in all 
realms. 

Patients with tension-type headaches have normal neurologic and 
physical findings, except for possible tenderness along the affected 
muscles. These muscles often feel tight, and palpation may trigger the 
pain. Laboratory tests are not required in the evaluation of tension- 
type headaches. 


Migraine Headaches 


The diagnosis of migraine headache is typically based on the historical 
description of episodes. Childhood migraines are similar to those in 
adults; however, several features distinguish migraine in children from 
adult migraine. In children, the headaches are less frequent, are shorter 
in duration,and respond better to treatment. Vomiting and abdominal 
pain are more common in children than in adults. Pain is more fre- 
quently bilateral in children, though tends to become unilateral after 
the onset of puberty. The pain may be frontal or facial, instead of the 
more typical temporal location. Prevalence is higher in boys prior to 
puberty, though prevalence is higher in girls following the onset of 
puberty. In the adult population, 18% of females and 6% of males have 
migraines. A family history of migraines is common, with up to 
90% of children having a Ist- or 2nd-degree relative with recurrent 
headaches. 

By 15 years of age, at least 10% of children will have had a migraine 
headache. Migraine and migraine variants occur in early childhood but 
with an unknown prevalence, as diagnostic criteria for migraine are 
often insufficient in young children and infants, in whom the head- 
aches tend to be shorter or have less typical features. While the diag- 
nosis of migraine is typically made later in childhood, a careful 
retrospective history of infancy and early childhood events may reveal 
early episodic symptoms consistent with migraine, including pallor, 
vomiting, photophobia, phonophobia, fussiness, and sleepiness occur- 
ring outside the context of concurrent illnesses. Furthermore, benign 
paroxysmal torticollis, cyclic vomiting syndrome, and benign paroxys- 
mal vertigo are episodic syndromes that may be associated with the 
diagnosis of migraines later in life. 

The pattern of migraines is variable. Without prophylactic treat- 
ment, most patients have between 1-4 migraines a month. There is 
often no temporal pattern, although in postmenarchal females, 
migraines may cluster around particular phases of the menstrual cycle. 
Unless the migraines tend to cluster, patients rarely have migraines 
more than twice a week. Mild or moderate headaches often occur 
between more severe migraine attacks. 

Certain exposures trigger migraine attacks in susceptible patients. 
The most common migraine precipitants are specific foods and food 
additives, such as chocolate, hard cheeses, onions, yeast, and beans. 
Other precipitants include menstruation, caffeine withdrawal, hunger, 
estrogen exposure (typically via oral contraceptives), sleep deprivation, 
stress, heat, and exertion. 

Migraines are categorized based on the presence or absence of an 
associated aura. Migraine without aura is the most common migraine 
phenotype in pediatric patients. 

Migraine without aura. Criteria assist in the diagnosis of migraine 
without aura and are based on the number and duration of episodes, 
as well as symptoms and associated findings (Table 28.12). It has 
been recognized that children may have shorter-duration headaches, 
so an allowance has been made to reduce the duration to 2-72 hours 
or 1-72 hours with diary confirmation. The pain typically onsets 
gradually and is dull and constant. At times, though, the pain of an 
episode may be sudden and severe, prompting concern for a thun- 
derclap headache. More typically, pain increases in severity over the 
course of an individual episode and becomes throbbing. As the head- 
ache proceeds, the pain may generalize to the entire cranium. Intense 
nausea often accompanies migraines, with occasional vomiting. Skin 
pallor is a common finding. Nasal congestion and tearing may be 
present. Because most patients are sensitive to motion, light, and 
noise during a migraine attack, they search for a dark and quiet place 
to sleep. The patient usually awakens within hours feeling fatigued 
but pain free. 
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TABLE 28.12 Migraine Without Aura 


A. At least 5 attacks fulfilling criteria B-D 
B. Headache attacks lasting 4-72 hr (untreated or unsuccessfully treated) 
C. Headache has at least 2 of the following 4 characteristics: 
1. Unilateral location 
2. Pulsating quality 
3. Moderate or severe pain intensity 
4. Aggravation by or causing avoidance of routine physical activity (e.g., 
walking or climbing stairs) 
D. During headache at least 1 of the following: 
1. Nausea and/or vomiting 
2. Photophobia and phonophobia 
E. Not better accounted for by another ICHD-3 diagnosis 


ICHD-3, International Classification of Headache Disorders, 3rd edition. 
From Hersey AD, Kabbouche MA, O'Brien HL. Headaches. In: 
Kliegman RM, ed. Nelson Textbook of Pediatrics. 20th ed. 
Philadelphia: Elsevier; 2016:2866. 


TABLE 28.13 Migraine with Typical Aura 


A. At least 2 attacks fulfilling criteria B and C 

B. Aura consisting of visual, sensory, and/or speech/language symptoms, 
each fully reversible, but no motor, brainstem, or retinal symptoms 

C. At least 2 of the following 4 characteristics: 
1. At least 1 aura symptom spreads gradually over 5 or more min, and/ 


or 2 or more symptoms occur in succession 
2. Each individual aura symptom lasts 5-60 min 
3. At least 1 aura symptom is unilateral 
4. The aura is accompanied, or followed within 60 min, by headache 
D. Not better accounted for by another ICHD-3 diagnosis, and transient 
ischemic attack has been excluded 


ICHD-3, International Classification of Headache Disorders, 3rd edition. 
From Hersey AD, Kabbouche MA, O'Brien HL. Headaches. In: 
Kliegman RM, ed. Nelson Textbook of Pediatrics. 20th ed. 
Philadelphia: Elsevier; 2016:2866. 


Migraine with aura. In migraine with aura, the headache is pre- 
ceded by sensory signs or symptoms termed an aura, which is caused 
by vasoconstriction and diminished blood flow to the affected region 
of the brain. In migraine with typical aura (Table 28.13), the aura is 
visual and may consist of blurred vision, spreading scintillating scoto- 
mas, flashing lights, zigzag lines, and hemianopsia. These features typi- 
cally last less than 60 minutes. Sensory auras are less common than 
visual auras and may consist of numbness or tingling. Further types 
of migraine with aura are classified by the specific aura symptoms. 

Migraine with brainstem aura (Table 28.14), previously known as 
basilar artery migraine, has aura limited to brainstem symptoms such 
as dysarthria and ataxia. In some patients, the headache may be a 
minor component of the syndrome. Visual changes may also occur and 
may include vivid visual images. Vertigo and tinnitus are less common 
symptoms. Diplopia, vertigo, and vomiting should prompt evaluation 
for a posterior fossa abnormality, such as a mass or a vascular 
malformation. 

Hemiplegic migraine has an aura that consists of unilateral motor 
weakness and visual, sensory, and/or speech/language symptoms that 
are fully reversible. Both familial and sporadic forms have been 
described. The familial hemiplegic migraine is an autosomal dominant 
disorder with mutations described in 3 separate genes: (1) CACNAIA, 
(2) ATP1A2, and (3) SCNIA. 
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TABLE 28.14 Migraine with 
Brainstem Aura 


A.At least 2 attacks fulfilling criteria B-D 
B. Aura consisting of visual, sensory, and/or speech/language symptoms, 
each fully reversible, but no motor or retinal symptoms 
C. At least 2 of the following brainstem symptoms: 
1. Dysarthria 
2. Vertigo 
3. Tinnitus 
4. Hypacusis 
5. Diplopia 
6. Ataxia 
7. Decreased level of consciousness 
. At least 2 of the following 4 characteristics: 
1. At least 1 aura symptom spreads gradually over 5 or more min, and/ 
or 2 or more symptoms occur in succession 
2. Each individual aura symptom lasts 5-60 min 
3. At least 1 aura symptom is unilateral 
4. The aura is accompanied, or followed within 60 min, by headache 
. Not better accounted for by another ICHD-3 diagnosis, and transient 
ischemic attack has been excluded 


ICHD-3, International Classification of Headache Disorders, 3rd edition. 
From Hersey AD, Kabbouche MA, O'Brien HL. Headaches. In: 
Kliegman RM, ed. Nelson Textbook of Pediatrics. 20th ed. 
Philadelphia: Elsevier; 2016:2866. 


Retinal migraine involves monocular visual disturbance. This 
migraine subtype is extremely rare, and other causes of the vision 
disturbance should be investigated prior to designating this 
diagnosis. 

The childhood periodic syndromes, or episodic syndromes that 
may be associated with migraine, are a group of potentially related 
symptoms that occur with increased frequency in children with 
migraine. The hallmark of these symptoms is the recurrent episodic 
nature of the events. Some of these have included gastrointestinal- 
related symptoms (motion sickness, recurrent abdominal pain, recur- 
rent vomiting including cyclic vomiting, and abdominal migraine), 
sleep disorders (sleepwalking, sleeptalking, and night terrors), unex- 
plained recurrent fevers, and even seizures. 

Confusional migraine and Alice in Wonderland syndrome are 
rare migraine with aura variants that occur primarily in children. 
Confusional migraine begins after 5 years of age and usually converts 
to typical migraine as the patient gets older. Episodes begin with an 
alteration in consciousness, which may include varying degrees of 
lethargy, agitation, and stupor. A fuguelike state has also been described 
with these migraines. Attacks last a few hours, with the child eventually 
falling asleep. The child awakens without memory of the incident. The 
aura of Alice in Wonderland syndrome is characterized by perceptual 
disturbances in which the sense of proportion or distance, particularly 
with respect to the body, is distorted. 

Complications of migraine. Some patients have an aura that 
lasts longer than 1 week. This duration is uncommon and the 
aura is typically bilateral in these cases. Patients with migraine 
may have neurologic deficits that persist during and after the 
headache. These deficits include hemisensory symptoms, hemiparesis, 
aphasia, visual loss, and alteration in consciousness. In most cases, 
the neurologic deficit precedes the headache. These symptoms usually 
last for the duration of the headache but may remain for days 
following headache abatement. Permanent neurologic deficits are 
rare but may occur if the vasoconstriction is severe and causes 
infarction. 


TABLE 28.15 Cluster Headache 


A. At least 5 attacks fulfilling criteria B-D 
B. Severe or very severe unilateral orbital, supraorbital, and/or temporal 
pain lasting 15-180 min (when untreated)* 
C. Either or both of the following: 
1. At least 1 of the following symptoms or signs, ipsilateral to the 
headache: 
a) Conjunctival injection and/or lacrimation 
b) Nasal congestion and/or rhinorrhea 
c) Eyelid edema 
d) Forehead and facial sweating 
e) Forehead and facial flushing 
f) Sensation of fullness in the ear 
g) Miosis and/or ptosis 
2. A sense of restlessness or agitation 
D. Attacks have a frequency between 1 every other day and 8 per day for 
more than half of the time when the disorder is active 
E. Not better accounted for by another ICHD-3 diagnosis 


*During part (but less than half) of the time course of cluster 
headaches, attacks may be less severe and/or of shorter or longer 
duration. 

ICHD-3, International Classification of headache Disorders, 3rd edition. 
From Headache Classification Committee of the International 
Headache Society (IHS). The international classification of headache 
disorders. 3rd ed. (beta version). Cephalalgia. 2013;33:629-808. 


Status migrainosus is defined as a migraine headache that lasts 
over 72 hours. This prolonged headache is usually associated with 
protracted vomiting and dehydration. Diagnosis is based on a propen- 
sity for previous prolonged migraine attacks. 

Some disorders that feature migraine with aura episodes have 
an identified genetic etiology. Autosomal dominant familial hemiple- 
gic migraine and episodic ataxia type 2 are caused by mutations 
in genes encoding transmembrane ion channels and ATPases. 
Patients may present with hemiplegic migraine, episodic ataxia, or 
both. MELAS (mitochondrial encephalopathy, lactic acidosis, and 
stroke-like episodes) is a mitochondrially inherited disorder with a 
high frequency of hemiplegic migrainous attacks. Recovery from 
attacks is variable. This diagnosis must be considered in children 
with coexisting epilepsy, mental retardation or regression, and myopa- 
thy. A DNA test for the most common mitochondrial mutation is 
available. Migraines are also common in a variety of other mito- 
chondrial disorders. 


Trigeminal Autonomic Cephalgias 


Trigeminal autonomic cephalgia (TAC) is rare in children under 7 
years of age, but has been reported in a child as young as 3 months. 
Onset typically occurs during adolescence or adulthood. Cluster head- 
aches and paroxysmal hemicranias are types of TAC. 

Cluster headache. Cluster headaches are characterized by epi- 
sodes of pain interspersed between long periods of remission (Table 
28.15). Pain is unilateral and localized to the eye and temple but may 
spread to other parts of the head. The pain begins suddenly and rapidly 
increases to an excruciating level. These headaches usually occur at a 
particular time of day, most often at night. Cluster headaches may be 
as short as 15 minutes or may last as long as 3 hours. Lacrimation, 
rhinorrhea, sweating, and nasal stuffiness usually accompany the head- 
ache. Patients find it impossible to rest, and they become agitated and 
restless during an attack. They may yell, scream, pace around, or bang 
their head against the wall. This is in sharp contrast to a migraine, in 
which the patient is quiet and withdraws to a dark cool room for sleep. 


Cluster headache is categorized as either episodic or chronic. Epi- 
sodic cluster headaches occur in a series that may last for weeks or 
months, separated by remission periods of months to years, whereas 
chronic cluster headaches are defined as occurring for more than 1 year 
without such a remission period, or with remission periods that last 
less than 1 month. Cluster headaches are more common in individuals 
who smoke tobacco. 


Paroxysmal Hemicrania 


Paroxysmal hemicrania is characterized by shorter attacks (2-30 
minutes) and absolute prevention with and response to indomethacin. 
Chronic paroxysmal hemicrania consists of frequent and intense uni- 
lateral headaches. This disorder is much more common in women than 
in men. Although it usually begins in adulthood, chronic paroxysmal 
hemicrania may affect older children and adolescents. The average 
headache lasts about 10 minutes. Patients have at least 20 attacks a day, 
and the pain may awaken the patient from sleep. Sudden head move- 
ment may also precipitate an attack. This headache responds dramati- 
cally to indomethacin therapy. Relief of symptoms occurs within a 
few days of beginning the medication. Other nonsteroidal anti- 
inflammatory drugs (NSAIDs) are of no benefit. Because the symp- 
toms of chronic paroxysmal hemicrania are similar to those of vascular 
malformations of the brain, a neuroimaging study should be per- 
formed to rule out malformation before the diagnosis of chronic par- 
oxysmal hemicrania is made. 


Secondary Headaches 
Headache Associated with Trauma 

Acute headache. If a child presents with a headache after trauma 
and has abnormal neurologic signs or symptoms, noncontrast CT of 
the head should be obtained emergently to assess for subarachnoid, 
subdural, or epidural intracranial bleed. Cervical spine radiographs 
should be obtained if cervical injury is suspected. If the child has focal 
neurologic deficits indicating possible vascular injury, MRI is indi- 
cated, potentially with MR angiography. 

Persistent headache. Headaches may occur as part of the post- 
concussive or post-traumatic syndrome. The headache is generally 
constant and may have qualities of both chronic tension-type and 
migraine headaches. For example, some patients may have nausea, 
vomiting, and visual auras. Other features of this syndrome are fatigue, 
dizziness, vertigo, poor memory, decreased reaction times, and inabil- 
ity to concentrate. The neurologic findings are usually normal. Symp- 
toms begin within 1-7 days of the head injury and may persist for years. 
About 70% of patients recover within a year, but 15% are still symp- 
tomatic after 3 years. Post-traumatic headache is considered acute if 
duration is less than 3 months and chronic if over 3 months. The 
pathophysiology of this syndrome is unknown. 

Even though postconcussive syndrome is more common in persons 
with a history of psychologic or psychosomatic illness, a neuroimaging 
study may be necessary to exclude the rare possibility of a chronic 
subdural hematoma. Patient education is the most important element 
of treatment. Some patients may also benefit from psychotherapy. 
Amitriptyline, NSAIDs, and propranolol may be helpful, but opioids 
should be avoided because of their addictive potential in the treatment 
of chronic headaches. Trauma may also lead to the development of 
primary headaches such as migraines. 


Headaches Associated with Vascular Disorders 


Acute ischemic stroke. Headache is a feature of up to one-third 
of acute ischemic strokes. More commonly experienced symptoms are 
focal neurologic deficits such as weakness of the limbs and face or 
speech abnormalities; as such, every child presenting with a focal neu- 
rologic deficit must undergo evaluation for stroke. The headache in 
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acute ischemic stroke is typically of moderate intensity, and otherwise 
lacks consistent features, though may occasionally present as a thun- 
derclap headache. Similar headaches may also accompany transient 
ischemic attacks. 


Aneurysms and Arteriovenous Malformations 


Arterial aneurysms may be congenital (berry) or caused by an infec- 
tious process (mycotic). Rupture of an arterial aneurysm is rare in 
children. The rupture produces an excruciating headache, known as a 
thunderclap headache. Patients will often describe the pain as the worst 
headache of their lives. The pain is acute in onset and associated with 
nuchal rigidity, emesis, and changes in sensorium. The neurologic 
examination findings may be nonfocal. CT scan reveals blood in the 
cisterns and meninges in 85% of cases. If the CT scan shows no patho- 
logic process, a lumbar puncture (LP) is necessary in all patients 
thought to have a ruptured aneurysm. The spinal fluid in a ruptured 
aneurysm is bloody, xanthochromic, or both. In half of the cases, 
patients report having previous headaches before having the headache 
associated with the rupture. These earlier headaches may be caused by 
leakage of blood from the aneurysm. If the clinician suspects a leaking 
or ruptured aneurysm, rapid neurologic and neurosurgical care 
is mandatory. Arteriovenous malformations may produce similar 
manifestations. 


Arteritis, Cerebral Venous Thrombosis, 

and Vascular Dissection 

Vascular dissection may present with a headache that precedes ische- 
mic symptom development by hours to days. These headaches are 
typically persistent, nonthrobbing, and unilateral but may be throb- 
bing, thunderclap, and steadily worsening. Infection, coughing, vomit- 
ing, and connective tissue disorders such as Ehlers-Danlos disease are 
risk factors. MRI with angiography of the head and neck is required 
for diagnosis. 


Vasculitis 


Vasculitis is an important cause of headaches in adults; however, in 
children, headache is rarely the presenting manifestation of this disor- 
der and is instead a less frequent associated finding. Because of the 
increased risk of systemic hypertension in patients with vasculitis, it is 
important to include a blood pressure measurement as part of the 
complete history and physical examination. When systemic lupus ery- 
thematosus and mixed connective tissue disorders affect the central 
nervous system, children may present with seizures and mental status 
changes. These symptoms may occur with or without headaches. 


Genetic Vasculopathies 


Genetic vasculopathies also cause headaches. Mitochondrial Enceph- 
alomyopathy, Lactic Acidosis, and Stroke-like Episodes (MELAS) 
may present with recurrent, oftentimes migrainous headaches and is 
associated with short stature, hearing deficits, ophthalmologic prob- 
lems, learning disabilities, hemiparesis, cardiac problems, and diabe- 
tes. Cerebral Autosomal Dominant Arteriopathy with Subcortical 
Infarcts and Leukoencephalopathy (CADASIL) is a mitochondrial 
disorder that may present with headaches and should be considered 
in children with subcortical infarcts, migraines, and multifocal T2/ 
FLAIR hyperintensities in the deep white matter. CADASIL is inherited 
in an autosomal dominant fashion and may lead to early stroke and/ 
or dementia, so a suggestive family history should increase suspicion. 


Headaches Associated With Nonvascular 

Intracranial Disorders 

This category includes headaches due to a variety of causes including 
increased cerebrospinal fluid (CSF) pressure, decreased CSF pressure, 
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noninfectious inflammation, neoplasms, intrathecal injection, sei- 
zures, and Chiari type I malformations. 


Disorders Associated with Increased CSF Pressure 


Pseudotumor cerebri is characterized by increased intracranial pres- 
sure (ICP) in the absence of a tumor, and is a disorder associated with 
significant morbidity. Headache in pseudotumor cerebri may be inter- 
mittent or constant and may resemble a migraine. Papilledema is 
usually present at the time of presentation. The characteristic findings 
are chronic progressive or nonprogressive headaches, papilledema, 
normal neuroimaging, and raised ICP. 

Pseudotumor cerebri may be either primary or secondary to a 
variety of medical conditions. In idiopathic intracranial hyperten- 
sion, a subset of primary pseudotumor cerebri, the typical patient is 
postpubertal, obese, and female. Pseudotumor cerebri may also be due 
to obstructive, toxic, metabolic, or hormonal causes that may often 
be revealed through a thorough history and physical examination 
(Table 28.16). 

In addition to headache and papilledema, signs and symptoms may 
include sixth and seventh cranial nerve palsies and visual field changes. 
In severe cases, the retinal blind spot may enlarge, and the visual fields 
may become constricted. Physical examination otherwise is usually 
normal. Diagnosis in most cases is based on the historical presentation 
and the demonstration of an elevated cerebrospinal fluid opening 
pressure on a lumbar puncture obtained in the lateral position. 


Cerebrospinal fluid opening pressure values of 280 mm H,O or greater 
are considered elevated in sedated or obese children; values of 
250 mm H,O are considered elevated in nonobese, nonsedated chil- 
dren. The CSF profile is typically normal. If papilledema is present, 
neuroimaging should be obtained prior to lumbar puncture to evalu- 
ate for other causes of papilledema, such as a tumor or hydrocephalus 
(see Table 28.9). MRI with venography should be considered in patients 
who are at risk for venous thrombosis or in those whose presentation 
does not fit the typical idiopathic intracranial hypertension profile 
(e.g., males, young children, and nonobese females), in order to assess 
for dural sinus thrombosis. 

Pseudotumor cerebri may be diagnosed in the absence of papille- 
dema if a sixth cranial nerve palsy is present and the patient has a 
normal neurologic examination, normal neuroimaging (including 
venography if indicated), an elevated CSF opening pressure, and a 
normal CSF profile. If the patient does not have a sixth cranial nerve 
palsy, then the diagnosis may be suggested (but not confirmed) if 3 of 
the following imaging requirements are met: empty sella, flattening of 
the posterior aspect of the globe, distention of the perioptic subarach- 
noid space with or without a tortuous optic nerve, and transverse 
venous sinus stenosis. Ongoing observation with recurrent exams, 
imaging, and studies is indicated to confirm the diagnosis. 

All patients with pseudotumor cerebri should be monitored closely 
with special attention to ocular findings, as they are at risk for develop- 
ment of permanent visual impairment. 


TABLE 28.16 Conditions Associated with Pseudotumor Cerebri 


Intracranial Venous Drainage Obstruction 
Mastoiditis and lateral (sigmoid) sinus obstruction 
Extracerebral mass lesions 

Congenital atresia or stenosis of the venous sinuses 
Head trauma 

Cryofibrinogenemia 

Polycythemia vera 

Paranasal sinus and pharyngeal infections 


Cervical or Thoracic Venous Drainage Obstruction 
Intrathoracic mass lesions and postoperative obstruction of venous return 


Endocrine Dysfunction 

Pregnancy 

Menarche 

Marked menstrual irregularities 

Oral contraceptives 

Obesity 

Withdrawal of corticosteroid therapy 

Addison disease 

Hypoparathyroidism 

“Catch-up” growth after deprivation, treatment of cystic fibrosis, correction 
of heart anomaly 

Initiation of thyroxine treatment for hypothyroidism 

Adrenal hyperplasia 

Adrenal adenoma 


Hematologic Disorders 
Acute iron deficiency anemia 
Pernicious anemia 
Thrombocytopenia 
Wiskott-Aldrich syndrome 


Vitamin Metabolism 

Chronic hypervitaminosis A 

Acute hypervitaminosis A 
Hypovitaminosis A 

Cystic fibrosis and hypovitaminosis A 
Vitamin D deficiency rickets 


Drug Reaction 
Tetracyclines 
Perhexiline maleate 
Nalidixic acid 
sulfamethoxazole 
L-Asparaginase 
Indomethacin 
Penicillin 
Prophylactic antisera 


Miscellaneous 
Galactosemia 
Galactokinase deficiency 
Lyme disease 

Sydenham chorea 
Sarcoidosis 

Roseola 
Hypophosphatasia 

Paget disease 

Maple syrup urine disease 
Turner syndrome 


Modified from Burg FD, Ingeltinger JR, Wald ER, eds. Gellis and Kagan’s Current Pediatric Therapy. 14th ed. Philadelphia: WB Saunders; 1993:67. 


Hydrocephalus usually causes a generalized headache. Slowly 
developing hydrocephalus initially causes mild pain, whereas rapidly 
developing hydrocephalus causes severe pain. Most patients with 
hydrocephalus have morning headaches that lessen after they arise, 
though pain may also be constant. Physical examination reveals signs 
of increased intracranial pressure, such as papilledema or tenderness 
of the neck. Papilledema is usually absent in children with an open 
fontanel. Macrocephaly is present in young children with unfused 
cranial sutures and in those with long-standing hydrocephalus. Other 
signs of hydrocephalus are a bulging fontanel and widened cranial 
sutures. The head growth chart is especially important in the evalua- 
tion of children with hydrocephalus. Head growth is abnormal if the 
plot of sequential head circumferences crosses percentile lines. 

Cough headaches are intermittent headaches caused by transient 
increases in ICP resulting from activities that elevate intrathoracic 
pressure, such as exertion, coughing, or bending. The pain is maximum 
and severe at the onset of the activity and then resolves in seconds. 
Patients are usually asymptomatic between events. Cough headaches, 
which are much shorter than are exercise-induced vascular headaches, 
may be caused by both benign and life-threatening conditions. Struc- 
tural causes of cough headache include brain tumors, cysts, and Chiari 
malformations. The results of the physical examination are usually 
normal, even when structural lesions cause this syndrome. Patients 
with cough headaches should undergo MRI. 


Disorders Associated with Decreased CSF Pressure 


Intracranial hypotension may occur from a tear in the dura caused 
by trauma, surgery, or lumbar puncture. The etiology of the headache 
is due to traction on the dura and vessels at the base of the brain. The 
headache associated with intracranial hypotension typically improves 
while the patient is recumbent and worsens upon sitting or standing. 

The most common cause of a headache from intracranial hypoten- 
sion is a persistent cerebrospinal fluid leak following lumbar puncture. 
Risk factors for post-lumbar puncture headache include the use of 
large-bore spinal needles and multiple attempts at obtaining CSF. 
Patients describe a severe headache within seconds after assuming an 
upright position. The headache disappears soon after the patient lies 
down. Other causes of low-pressure headaches include CSF leaks from 
fractures or tumors at the base of the skull. 


Intracranial Masses 


Brain neoplasms are the second most common type of childhood 
malignancy, though the overall incidence is low. As such, tumor is an 
infrequent cause of headache in children. The mechanisms by which 
tumors produce headaches include obstruction of CSF flow leading to 
hydrocephalus, or direct traction on dural or vascular structures. 
Headaches caused by hydrocephalus may develop rapidly, whereas 
traction on dural or vascular structures from tumor growth causes a 
slow and progressive headache. At the time of presentation, most 
patients with tumors or hydrocephalus have chronic and progressive 
headaches, with a history of increasing frequency and severity of pain 
over time. 

Headache secondary to a tumor may or may not be localized to the 
tumor site. For example, patients with posterior fossa tumors usually 
have occipital pain, but if hydrocephalus is also present, the pain may 
be generalized. Headache secondary to tumor typically demonstrates 
a slow increase in the severity and frequency of painful episodes; ini- 
tially, pain may be mild, and over-the-counter analgesics provide ade- 
quate pain relief. However, it is important to note that many patients 
with brain tumors have no particular pattern to their headaches. 
Patients with brain tumors near the optic chiasm may have visual 
disturbances, endocrine deficiencies, or galactorrhea. Diplopia may be 
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present if the third or sixth cranial nerve is compressed; ptosis may 
also be present. Other historical features concerning for intracranial 
neoplasm include changes in school performance, reported motor or 
balance disturbances, personality or behavior changes, or seizures. 

Physical examination often reveals abnormal findings, including 
papilledema and neurologic deficits. Focal neurologic findings may 
include eye movement abnormalities, anisocoria, facial weakness, 
ptosis, swallowing difficulties, hemiparesis, sensory deficits, cranial 
nerve deficits, altered mental status, and ataxia. Papilledema may be 
absent in children with posterior fossa tumors (with or without hydro- 
cephalus) or in children with open fontanels. Nonlateralizing signs 
include increased motor tone as well as third and sixth nerve palsies. 
Increased motor tone may not be a constant finding and may manifest 
as transient shivering. 

The Parinaud syndrome is the triad of upward-gaze paresis, poor 
pupillary reaction to light, and retraction nystagmus on convergence. 
This constellation of physical findings is seen in patients with hydro- 
cephalus or tumors in the pineal region. The presence of Parinaud 
syndrome always warrants neuroimaging. 

Increased intracranial pressure secondary to hydrocephalus and/or 
a brain tumor should be suspected in any child with chronic progres- 
sive headaches, abnormal neurologic examination findings, nuchal 
rigidity, or abnormal head growth. Patients with these signs and symp- 
toms should undergo neuroimaging (see Table 28.9). 

Intracranial cysts are classified as arachnoid, epidermoid, or 
dermoid. Slow-growing cysts often produce headache patterns similar 
to those of neoplasms. Epidermoid and dermoid cysts may have sinus 
tracts that communicate with the skin. If these cysts become infected, 
their clinical manifestations resemble that of a brain abscess. 

A colloid cyst of the third ventricle is a potentially life-threatening 
cause of headache. With changes in position, this cyst functions as a 
ball valve and intermittently impedes the flow of CSE. This obstruction 
causes transient increases in intracranial pressure. During some epi- 
sodes of obstruction, the patient may be asymptomatic. At other times, 
symptoms may be severe and include debilitating thunderclap head- 
aches, neurologic posturing, coma, and even death. The ICP returns to 
normal when position is changed or when the increased CSF pressure 
overcomes the obstruction. Physical findings are normal between 
events. MRI confirms diagnosis. Treatment consists of CSF diversion 
or removal of the cyst. 


Headaches Associated with Epileptic Seizures 


Headache may be a preictal phenomenon in patients with focal epi- 
lepsy syndromes, or a consequence of an epileptic seizure. Postictal 
headaches tend to remit within hours of the cessation of seizure activ- 
ity, but may last as long as 72 hours. Headache occurring as an ictal 
phenomenon in partial seizures remits with or soon after the cessation 
of seizure activity. 


Chiari | Malformations 


Chiari I malformation may present with headaches that worsen with 
cough and Valsalva maneuvers, and may be associated with radicular 
extremity pain. Patients presenting with this pattern of findings require 
neuroimaging. 


Headaches Related to a Substance 


Carbon monoxide poisoning should be suspected in any child with 
chronic headaches, as mild exposure may cause headache and nausea. 
The diagnosis is difficult to confirm with an arterial hemoglobin 
carbon monoxide (HbCO) level because the half-life of HbCO in room 
air is only 4 hours. Hence, the level may be normal only a few hours 
after exposure. One way of diagnosing and treating this condition is 
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by removing the cause of the exposure. Sources of carbon monoxide 
exposure include heavy urban traffic in which the patient is a car pas- 
senger, methylene dichloride paint strippers, kerosene space heaters, a 
gasoline engine running in an attached garage, cigarette smoking, and 
faulty home furnaces. Typically co-inhabitants have similar symptoms. 
Patients exposed to carbon monoxide may have behavioral and neu- 
rologic findings days to months later. 

Other substance exposures may also lead to headaches. Ingestion 
of alcohol may lead to headache either during or after consumption. 
Use of cocaine causes headaches through various mechanisms, includ- 
ing hypertension, vasoconstriction, hypersensitivity vasculitis, and 
subarachnoid hemorrhage. Elevations in serum lead levels may cause 
headache (lead encephalopathy). 


Medication-Overuse Headaches 


A thorough medication history is essential as many analgesics may be 
associated with overuse headaches. All classes of headache medications 
can paradoxically cause headaches that may be worse on waking and 
exacerbated by activity. Stopping the medication improves the 
situation. 


Caffeine Withdrawal Headaches 


The threshold for withdrawal for each person is variable, but when 
caffeine is ingested in sufficient quantities for prolonged periods, 
sudden withdrawal may lead to vascular headaches. In the most 
common scenario, consumption occurs on weekdays, and because of 
schedule differences, the caffeinated beverage is not consumed on the 
weekend. This syndrome is easily diagnosed by history or by the use 
of a headache diary. 


Intracranial and Systemic Infections 


Infectious causes of headache are common and are typically benign, 
with the most common etiology being a viral upper respiratory tract 
infection. However, serious and life-threatening infections may present 
with headache. Meningitis and meningoencephalitis may present 
with a headache that is acute in onset and generalized. Fever, nuchal 
rigidity, alteration in sensorium, and abnormal neurologic findings 
may be present as well. Children presenting with this constellation of 
findings require an emergent lumbar puncture with cell counts and 
differential, glucose and protein quantification with a simultaneous 
determination of serum glucose, Gram stain, bacterial culture, and any 
indicated viral studies based on history, physical findings, or local 
epidemiology. 

The child with a brain abscess may present with progressive neu- 
rologic dysfunction and may deteriorate quickly. Brain abscess should 
be considered in any child with a right-to-left cardiac shunt, chronic 
mucosal surface infections (sinus, otitis, dental), endocarditis, and a 
recent onset of persistent, chronic headaches. These patients may 
present with focal neurologic findings and signs of increased intra- 
cranial pressure rather than fever and nuchal rigidity. Neuroimaging 
should be considered prior to lumbar puncture, due to risk of hernia- 
tion with space-occupying lesions. 

Headache may accompany infections of the eye and orbit. The signs 
and symptoms of periorbital cellulitis are periorbital redness and 
tenderness, whereas in orbital cellulitis, the patient may also have 
chemosis, proptosis, ophthalmoplegia, and visual loss. Inflammation 
of the eye and orbit usually causes localized pain. 

Children affected by Lyme disease commonly have headache in 
conjunction with other systemic symptoms. Lyme disease can cause an 
indolent lymphocytic meningitis, or may cause an isolated increased 
intracranial pressure in the absence of other findings that, if left 
untreated, may lead to permanent vision loss. 


Disorders Affecting Homeostasis 


Anoxia and hypoxia (<70 mm Hg) may produce headaches through 
dilatation of cerebral arteries, which in turn causes an increase in 
cerebral blood flow. Headaches are typically bifrontal, throbbing, and 
worsen with exertion, straining, or supine positioning. In children with 
illnesses that predispose them to hypoxia (chronic lung disease, 
obstructive sleep apnea), treatment should be directed at alleviating 
the source of the hypoxia. High altitudes may also lead to an acute 
hypoxic state. Hypercapnia (levels >50 mm Hg) may also cause throb- 
bing headaches. For nocturnal or morning headaches, in addition to 
neuroimaging, polysomnography should be considered to assess for 
obstructive sleep apnea. 

Systemic hypertension, both acute and chronic, may be associated 
with headaches. The pain is related to altered regulation of cerebral 
blood flow. Acute hypertension typically occurs in a child with under- 
lying renal disease due to poststreptococcal glomerulonephritis, renal 
failure, or collagen vascular disease. Although hypertension is an 
uncommon cause of headaches in children, the diagnosis of hyperten- 
sion is straightforward, and treatment of the hypertension alleviates 
the headaches. Headaches may be part of malignant hypertension 
syndrome, in which retinal exudates and microscopic hematuria are 
usually present. Severe hypertension may also cause intracerebral 
hemorrhage. 

Headaches triggered by fasting may occur in individuals with and 
without primary headache disorders. Children may fast due to dieting 
or irregular schedules. These headaches may occur within 1 hour but 
generally take 12 hours to develop. A thorough diet history will reveal 
prolonged fasting as the etiology of the headache. 


Headaches and/or Facial Pain Related to Dysfunction of 
Head and Neck Structures (Table 28.17) 


Asthenopia or eye strain may be a cause of headache and mild, dull, 
aching discomfort of the eyes. Because it is due to muscle strain 
that occurs while trying to correct visual acuity, it is not present on 
awakening and worsens with prolonged visual duties. Referral to an 
ophthalmologist should be made if asthenopia is suspected. Physical 
examination is otherwise normal. Abnormal extraocular movements 
should prompt neuroimaging to evaluate for possible intracranial 
lesions. 

A corneal abrasion should be suspected in the irritable infant 
and in the patient with excruciating eye pain. Diagnosis is made 
by fluorescein examination of the cornea. Corneal irritation, kera- 
toconjunctivitis sicca, and recurrent erosion syndrome may present 
with recurrent eye pain that must be differentiated from cluster 
headaches. 

Optic neuritis (inflammation of the optic nerve) often causes ipsi- 
lateral retro-orbital pain. Optic neuritis may occur as a single entity, 
or it may be part of the manifestation of multiple sclerosis. This dis- 
order is rare in children but common in adolescents. The ophthalmo- 
logic examination reveals papillitis, an afferent pupillary defect, and 
decreased visual acuity. Often, the findings are normal except for 
decreased visual acuity. A neuroimaging study should be performed to 
fully evaluate the orbit and optic nerve and to rule out multiple 
sclerosis. 

The headache associated with sinusitis may be acute or chronic. 
When the frontal or maxillary sinuses are involved, pain is frontal or 
orbital in location. When the ethmoid or sphenoid sinuses are infected, 
the headache may be frontal or occipital. Signs and symptoms of 
sinusitis include purulent rhinorrhea, halitosis, cough, tenderness to 
palpation over the sinuses or teeth, and fever. A prior history of allergic 
rhinitis or sinusitis may be present. The diagnosis of sinusitis in 


TABLE 28.17 


Orbital Pain 
Ocular disease 
Migraine 

Cluster headache 
Sinusitis 

Orbital cellulitis 
Tolosa-Hunt syndrome 
Intracranial aneurysm 
Cavernous sinus disease 
Giant cell arteritis 
Neoplasm 

Graves disease 
Neoplasm, frontal lobe 
Trigeminal neuralgia 
Postherpetic neuralgia 
Zoster 


Ear/Periauricular Pain 
Chronic external otitis 
Relapsing polychondritis 
Cholesteatoma 

TMJ syndrome 

Migraine 

Carotidynia 
Glossopharyngeal neuralgia 
Thyroiditis 

Muscle contraction 

Carotid aneurysm 

Cervical spine disease 
Neoplasm 

Zoster 


TMJ, temporomandibular joint. 
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Chronic Facial Pain: Differential Diagnosis 


Nasal/Cheek Pain 
Sinusitis 

Facial cellulitis 
Neoplasm (nasopharynx, sinus) 
Vasomotor rhinitis 
Allergic rhinitis 
Trigeminal neuralgia 
Midline granuloma 
Wegener granulomatosis 
TMJ syndrome 

Dental disease 
Postherpetic neuralgia 
Atypical odontalgia 
Cluster headache 


Poorly Localized/Vague 
Sinus disease 

TMJ syndrome 

Depression 

Conversion reaction 

Neoplasm 

Muscle contraction 


Dental/Jaw Pain 
Toothache 

TMJ syndrome 
Sinusitis 

Neoplasm 

Trigeminal neuralgia 
Parotid disease 
Atypical odontalgia 
Postherpetic neuralgia 


Moditied from Reilly BM. Practical Strategies in Outpatient Medicine. 2nd ed. Philadelphia: WB Saunders; 1991:106. 


pediatric patients may be made if symptoms of nasal discharge or 
daytime cough persist without improvement for more than 10 days, 
clinical course worsens after symptoms improve or stabilize, fever 
develops following a period of symptom stabilization or abatement of 
initial fever, or symptoms are severe at onset, defined as fever of or 
above 39°C with purulent nasal discharge for at least 3 days. Imaging 
studies are not required to confirm a diagnosis of sinusitis. 

Dental abscesses may produce headaches that are aching or 
stabbing, and may occur as a complication of dental caries, tooth 
extractions, or root canal procedures. Physical examination may be 
normal or may reveal gingival swelling, redness, or pain. Palpating 
each tooth individually with a tongue blade may reveal the source 
of pain. 

Malocclusion of the temporomandibular joint (TMJ) may cause 
chronic headaches. The pain is localized to the side of the affected 
joint. Some patients report constant pain, whereas others have pain 
only with jaw movement. An identifying “click” occurs when the 
patient opens the mouth. Full depression of the mandible may be 
limited in range. Not every person with a click has TMJ syndrome, 
and not everyone with TMJ syndrome has headaches. Gum chewing 
may exacerbate the pain associated with TMJ syndrome. In patients 
without TMJ syndrome, gum chewing may cause headaches through 
overuse of the temporalis muscles. Patients with symptomatic TMJ 
syndrome often find relief with the use of an occlusal splint worn 
during sleep. 


Psychologic Factors 


There is a high rate of comorbid psychiatric diagnoses in children with 
headaches, of which anxiety and depression are the most common. 
Primary headaches are more commonly seen in children with a history 
of psychiatric disorders. Consequently, screening for mental health 
symptoms should occur in conjunction with the medical history. 
History should also aim to determine child coping skills, family rela- 
tionships, and parental reactions to pain. 

Conversion disorder may manifest as headaches. Headaches asso- 
ciated with conversion disorder are very difficult to diagnose and treat 
appropriately. The frequency and severity of these headaches increase 
without lasting relief from any pharmacologic or physical therapy. 
Some patients appear as if they are in pain, whereas others look per- 
fectly normal despite claiming to be in considerable pain. Secondary 
tension-type headache pain may occur, which further complicates the 
diagnosis. The neurologic findings in conversion disorder are normal. 

The 2 problems in approaching conversion disorder headaches are 
(1) to convince the family that there is no physical cause for these 
headaches, and (2) to uncover the origin of the conversion disorder. 
The physician with a pre-established rapport with the family is clearly 
at an advantage in convincing the family that no physical cause exists 
for the headaches. The origins of a conversion disorder are difficult to 
uncover and require the finesse of an experienced therapist. Psycho- 
logic intervention is mandatory, not only to identify the source of the 
problem but also to offer appropriate counseling. 
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Headaches are a common cause of morbidity and health care uti- 
lization in children. Most children who present with headaches will 
have a benign secondary headache or the primary headache disorders 
of tension-type headache or migraine. However, the clinician must 
always consider conditions associated with significant morbidity or 
mortality in the evaluation of each patient with a headache. A thor- 
ough history and physical examination are the best tools to aid the 
clinician in determining which patients have a serious and life- 
threatening cause for their headaches. Certain symptoms should be 
considered red flags and prompt further evaluation (see Tables 28.5 
and 28.6). Indications for neuroimaging are shown in Table 28.9. 
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In the evaluation of the patient with headache, a single normal 
neurologic examination or 1 normal neuroimaging study should not 
provide complete reassurance. If headache persists, children require 
continued follow-up and ongoing physical examination assessments. 
Maintenance of a headache diary for patients with frequent or chronic 
headaches may be invaluable in determining the diagnosis and assess- 
ing the response to therapy. Assessment of headaches requires a 
strong patient-physician relationship in order to provide continued 
review of associated symptoms, ongoing assessments, appropriate 
evaluation, consideration of psychosocial factors, and reassurance 
when indicated. 
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Hypotonia, Weakness, and Stroke 


MUSCLE WEAKNESS AND HYPOTONIA 


Hypotonia, or abnormally diminished muscle tone, is defined as 
decreased resistance to passive movement of a limb through its range 
of motion. Hypotonia affects children of all ages and may be acute or 
chronic, progressive or static, isolated or part of a complex clinical situ- 
ation, and may or may not be associated with weakness. The evaluation 
of children with hypotonia can be simplified by a thoughtful, analytic 
approach to the differential clues that are useful in identifying an 
underlying cause starting with detailed general and neurologic exami- 
nations (Table 29.1 and Fig. 29.1). Localizing the lesion based on 
examination in conjunction with laboratory, genetic, and imaging 
studies is key to arriving at a diagnosis (Table 29.2). 

The assessment of muscle tone can be made by several observa- 

tions, including: 

° Evaluation of spontaneous posture 

° Extent of mobility of joints 

° Response to flapping of distal extremities 
° Response to postural changes 

The method of evaluating muscle tone and strength depends on 
the age of the patient. 

Muscle tone is defined as the resistance experienced by the exam- 
iner to movement of limbs about joints. Muscle tone is divided into 
postural and phasic. Postural tone is that experienced by the steady 
flexion or extension of a joint and is caused by the resultant uniform 
resistance of muscle to passive movement. Antigravity posture of 
muscle is caused by postural tone. Phasic tone is the catch experienced 
when an extremity is rapidly flexed or extended. The anatomic struc- 
tures responsible for muscle tone are contained in a closed circuit 
formed by the muscle spindle, which is connected to the spinal cord 
by sensory afferent pathways. The sensory afferent fibers synapse 
directly or indirectly with anterior horn & and y motor neurons. The 
& motor neurons end at the neuromuscular junction (NMJ), and the 
Y motor neurons end at the muscle spindle, completing the closed 
circuit (Fig. 29.2). It is the level of activity of the y motor neurons and 
its influence on the muscle spindle that sets the level of resting muscle 
tone. This lower motor neuron pathway is closely monitored and influ- 
enced by descending pathways from the cerebral cortex, basal ganglia, 
brainstem, and cerebellum. These descending pathways constitute the 
upper motor neuron pathways that influence resting muscle tone. 

The maintenance of normal muscle tone requires the integrity of 
the entire central and peripheral nervous systems from the cerebral 
cortex, cortical white matter pathways, basal ganglia, cerebellum, 
brainstem, spinal cord, peripheral nerve, NMJ, and muscle. Diseases 
that affect the function of the nervous system at any level may result 
in abnormal muscle tone (Table 29.3; see Table 29.2). Broadly catego- 
rizing hypotonia into central versus peripheral nervous system causes 
based on history and examination is a useful initial diagnostic step 
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(Table 29.4). An estimated 80-90% of infantile hypotonia is central in 
origin, with the remaining 10-20% being peripheral. 

Most cases of acute lateralized body weakness result from abnor- 
malities of the blood supply to a portion of the central nervous system 
(CNS). Stroke serves as a term to denote the sudden onset of symptoms 
attributable to such an interruption of cerebral or spinal perfusion. 
The clinical presentations and causes of stroke are best considered with 
respect to each of three age groups: neonates, children between 1 and 
13 years of age, and adolescents, and are discussed later in this chapter. 


HYPOTONIC INFANT 
© Clinical Evaluation 


In an infant, historical information must include a complete obstetric 
history as well as accurate data about perinatal events, diet, toxic expo- 
sure, and family diseases. The muscle strength, passive tone, joint 
extensibility, and postural reflexes including responses to traction, axil- 
lary suspension, and ventral suspension of the hypotonic infant should 
be compared to that of the normal infant (Fig. 29.3). 


Muscle Strength 


Muscle strength cannot be measured directly in infants (Table 29.5), 
but numerous clinical clues allow the careful observer to identify weak- 
ness. The most important of these is the spontaneous posture. The 
weak infant has diminished or no spontaneous movement, often in 
striking contrast to the usual vigorous and plentiful movements of the 
infant with normal strength. The lower extremities are abducted, and 
the lateral surfaces of the thighs lie against the examination table, 
whereas the upper extremities lie extended alongside the body or flexed 
in a flaccid position beside the head (Figs. 29.4 and 29.5A). With 
marked weakness, there are no movements that overcome the pull of 
gravity. The immobility of the weak infant results in flattening of the 
occipital bone, which is often associated with occipital hair loss. When 
placed in a sitting posture, the infant droops forward, the shoulders 
droop, the head falls forward, and the arms hang limply. 


Passive Tone 


Passive tone can be assessed by evaluating the resistance to movement 
of the limbs through a range of motion at the joints. Evaluation of the 
shoulders, elbows, wrists, hips, knees, and ankles is especially helpful. 
The examiner senses a “looseness” of the limbs as the limbs are moved. 

In addition, grasping the midportion of the infant’s limb and pas- 
sively flapping the extremity allow the examiner to evaluate the degree 
of limpness of the distal extremity. In the hypotonic infant, the hands 
and feet wave limply; in the normal infant, the ankle and wrist are 
maintained fairly rigidly in line with the rest of the extremity. 

Even in normal infants, there is a wide variation of muscle tone. 
Passive muscle tone varies and is particularly diminished after feeding 


455 


CHAPTER 29 Hypotonia, Weakness, and Stroke 


(See Nelson Textbook of Pediatrics, p. 3397.) 
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CHAPTER 29 Hypotonia, Weakness, and Stroke 


Hypotonic Newborn 


History and exam.. 
evaluate seizures, 


alertness, autonomic sx's 


Signs of 
encephalopathy 


Yes 


Obtain head CT or MRI 
scan, observe course 


CT/MRI +/- abn, 
increased reflexes, 
increased 
tone evolve 


Static 
encephalopathy 


CT/MRI nl, 
persistent 
hypotonia 


CT/MRI abnl 


weakness 


Obtain, 
CK, EMG, 
muscle biopsy 


Anterior horn 
cell disease 

Neuromuscular 

junction disorder 
Congenital 
myopathy 


Brain 
malformation 
Intrauterine 


infection 
Storage disease 
Intracranial 

hemorrhage 


Nonspecific 
generalized mild 


CNS 
malformation, 
mild HIE 
Connective 
tissue disorder 
Prader-Willi, 
Down syndrome 


Hypotonia without 
encephalopathy 


Motor/sensory 
level 
Spinal cord 
transection 


Marked 
weakness 
CK, EMG, 

muscle biopsy 

Myopathy 

dystrophy 
Tenelloniest Genetic testing 
positive for DM1, EMG junction disorder 
Transient neonatal Myotonic Anterior horn 
myasthenia dystrophy cell disease 


Is mother 
weak? 


Myasthenia 


Myelodysplasia or myotonic 


FIGURE 29.1 Approach to the hypotonic newborn. abni, abnormal; CHF, congestive heart failure; CNS, 
central nervous system; CK, creatine kinase; CT, computed tomography; EMG, electromyography; HIE, 
hypoxic-ischemic encephalopathy; MRI, magnetic resonance imaging; DM1, myotonic dystrophy type 1; nl, 


normal; sx, signs. 


and before sleep. There is profound hypotonia in all infants during 
sleep. Tone can also be affected by the position of the head. The child 
whose head is turned to one side may be manifesting an asymmetric 
tonic neck response, with increased extensor tone on the side of the 
body to which the head is turned and increased flexor tone on 
the contralateral side. This asymmetry of tone may be elicited even in 
the child who does not exhibit the typical “fencer’s” posture (Fig. 29.6). 
Therefore, examination of an infant should always be conducted while 
the infant’s head is at the midline; the same is true for eliciting muscle 
stretch reflexes. Hypotonia can also be associated with heart failure, 
sepsis, acidosis, failure to thrive, and other systemic conditions (see 
Table 29.1). 


Joint Extensibility 


The extent to which the joints may be extensible provides an indirect 
clue to the presence of hypotonia. Examination of mobility at the 
elbows, wrists, hips, and knees is helpful. The hypotonic infant may 
assume unusual postures in the presence of joint hyperextensibility. 
The “scarf sign” is a useful sign of hyperextensibility in the young 
infant. With the infant in a semireclining position, the hand is pulled 
across the chest toward the opposite shoulder and the position of the 
elbow is noted (see Fig. 29.3A). If the elbow passes the midline, then 
there is hypotonia. 


Postural Reflexes 


Traction response (pull-to-sit). The traction response is the most 
useful and most sensitive of the postural reflexes in infants. With the 
infant lying supine, the infant’s hands are grasped, and the infant is 
pulled up to a sitting position. Once the sitting posture is attained, the 
head is held erect in the midline. During the maneuver, the examiner 
notes the infant’s attempt to counter the traction by flexion of the arms 
(see Fig. 29.3B). 

In an infant younger than 3 months, the plantar grasp should also 
be evident. In addition, there should be flexion at the elbow, knee, and 
ankle in response to the maneuver. The degree to which the head and 
neck pull up along with the trunk depends on the child’s age. 

In infants younger than 33 weeks’ gestation, there is no traction 
response. From 33 weeks to term, the infant has head lag but 
responds to the traction maneuver by flexing the neck flexors in 
an attempt to lift the head. The full-term infant exhibits a traction 
response with minimal head lag, and when the sitting posture is 
attained, the head may be held erect momentarily and then falls 
forward. 

By age 3 months, there should be no head lag, and the head should 
be aligned with the plane of the back as the child is pulled to sitting. 
The absence of flexion of the limbs in response to the examiner’s pull 

Text continued on page 463 
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TABLE 29.2 Differentiating the Causes of Infantile Hypotonia 


Localization 
Central nervous system 


Spinal cord 


Anterior horn cell 


Peripheral nerve 


Cause 

HIE 

Intracerebral hemorrhage 
Brain malformations 


Intrauterine infection 


Postnatal birth injury 

Progressive encephalopathies 
(leukodystrophies, progressive 
myoclonic epilepsies, 
Lennox—Gastaut syndrome, 
infantile spasms) 

Mitochondrial disease 


Spinal cord tumor 
Syringomyelia 

HIE 

Trauma 

AVM 


Spinal muscular atrophy 


Poliomyelitis 


Incontinentia pigmenti 


Fazio-Londe disease 
Brown—Vialetto—Van Laere 
syndrome (BVVL) 


Guillain—Barré syndrome (GBS) 

Chronic inflammatory 
demyelinating polyneuropathy 
(CIDP) 


Toxic neuropathies 


Charcot-Marie—Tooth disease 


History and Exam Findings 
Prematurity, difficult delivery 


Cranial nerve abnormalities, Babinski sign, 
gradual development of hypertonia (especially 
axial), respiratory or feeding difficulties, global 
delay 

Fever, altered mental status 


Seizures, focal neurologic deficits 
Seizures, developmental regression, ataxia, focal 
neurologic deficits, visual loss 


Seizures, focal neurologic deficits, global delay, 
visual loss, hyper- or hyporeflexia 


Spinal level on exam, weakness below a defined 
spinal level, absent reflexes (acutely) or 
hyperreflexia (chronically) below the level, 
may have Babinski sign, history of trauma 


Absence of antigravity movements, tongue 
fasciculations, absent reflexes to hyporeflexia, 
normal cognition, breathing/feeding 
difficulties; weakness in legs more than arms 
in SMA types II-III 

Neck stiffness, muscle spasms, areflexia, 
asymmetric flaccid paralysis of a limb, 
respiratory distress, muscle atrophy, normal 
sensation 


Skin blistering, wartlike skin lesions, 
hyperpigmented streaks, pale/hairless atrophic 
linear streaks that respect Blaschko lines, 
dental abnormalities, intellectual delay 

Bulbar palsy, facial weakness, hearing loss 
(BVVL only), respiratory compromise, muscle 
weakness 


sensory ataxia with walking difficulties, rapidly 
(GBS) or slowly (CIDP) progressive weakness, 
absent reflexes or hyporeflexia, autonomic 
dysfunction, antecedent gastrointestinal/ 
respiratory illness in GBS 


History and temporal correlation with exposure to 
a neurotoxic drug, distal then proximal muscle 
weakness, absent reflexes or hyporeflexia, 
sensory ataxia with walking difficulties 

Family history of similar disease, pes cavus and 
hammer toe foot deformities, ataxic gait, foot 
drop, absent reflexes or hyporeflexia 


Investigation to Aid in Diagnosis 
Brain MRI 


Cerebral ultrasound 
Brain MRI 


Microbial cultures/evaluations, CSF 
evaluation 

Brain MRI, EEG 

Brain MRI, EEG, EMG/NCS (useful in 
adrenoleukodystrophy, Krabbe disease and 
metachromatic leukodystrophy), specific 
genetic testing 


Brain MRI, muscle biopsy, mitochondrial 
DNA sequencing and deletion on muscle or 
affected tissue, elevated lactic acid, 
elevated CK, EMG/NCS 


Brain MRI, complete spinal MRI 


SMN deletion analysis 


Isolate poliovirus from stool, confirm using 
RT-PCR or genomic sequencing, acute and 
convalescent serology showing 4-fold 
increase in titer, EMG/NCS showing pure 
motor neuronopathy 

DNA analysis, EMG/NCS showing pure 
motor neuronopathy 


DNA analysis 


EMG/NCS with absent or prolonged F-waves, 
prolonged distal latencies, conduction 
block, demyelinating nerve conduction 
velocities, CSF showing cytoalbuminologic 
dissociation, MRI with edematous 
enhancing nerve roots 

EMG/NCS showing mixed axonal/ 
demyelinating features, plasma drug levels 


EMG/NCS to determine if axonal or 
demyelinating subtypes, DNA analysis 
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TABLE 29.2 Differentiating the Causes of Infantile Hypotonia—cont’d 


Localization 
Peripheral nerve (cont'd) 


Neuromuscular 
junction 


Muscle 


Cause 


Hereditary sensory and 
autonomic neuropathies 


Refsum disease 


Giant axonal neuropathy 


Metachromatic leukodystrophy 
Krabbe disease 
Adrenoleukodystrophy 


Botulism 


Transient acquired neonatal 
myasthenia 


Infantile (autoimmune) 


myasthenia 


Congenital myasthenic syndrome 


Duchenne/Becker muscular 
dystrophy 


Congenital myotonic dystrophy 


Dermatomyositis 


Pompe disease 


History and Exam Findings 


sensory loss in a stocking/glove distribution, 
chronic skin ulceration and poor wound 
healing, distal muscle weakness with foot 
deformity, absent reflexes or hyporeflexia, 
variable anhidrosis 

Autosomal recessive inheritance, stocking/glove 
distribution of sensory and motor weakness, 
anosmia, hearing loss, ataxia, ichthyosis, short 
metacarpals and metatarsals, cardiac 
arrhythmia, and cardiomyopathy 

Stocking/glove distribution of sensory loss and 
motor weakness, cerebellar ataxia, absent 
reflexes or hyporeflexia, kinky hair (tightly 
curled), nystagmus, dysarthria, pyramidal tract 
Signs, optic neuropathy, seizures 

Developmental regression, absent reflexes or 
hyporeflexia, Babinski signs 


sudden poor feeding, constipation, weak cry, 
gradual muscle weakness, dilated poorly 
reactive pupils, exposure to soil/dust with 
bacterium or honey consumption 


Ptosis, feeding and respiratory difficulties, 
aspiration, mother with signs or symptoms of 
autoimmune myasthenia 


Ptosis, episodic weakness, recurrent feeding and 
respiratory difficulties, easy fatigability 


Ptosis, episodic weakness, recurrent feeding and 
respiratory difficulties, easy fatigability 


X-linked recessive pattern of inheritance, 
enlarged calves, proximal muscle weakness 
with a Gower maneuver 

Autosomal dominant pattern of inheritance, 
frog-leg position, open down-turned mouth, 
minimal antigravity movements in infants, 
distal > proximal weakness in children, 
impaired relaxation of grip, dysarthria, 
myopathic facies with temporal wasting 

Subacute proximal muscle weakness, rash 
(Gottron papules, heliotrope rash), cutaneous 
calcinosis 


Absence of antigravity movements, severe 
cardiomegaly, feeding/respiratory difficulties, 
hepatomegaly 


Investigation to Aid in Diagnosis 


EMG/NCS showing normal or mildly 
abnormal motor responses and abnormal 
sensory responses, nerve biopsy showing 
reduced myelinated and unmyelinated 
fibers, DNA analysis 

Elevated plasma phytanic acid concentration, 
DNA analysis 


Brain MRI with white matter abnormalities, 
axonal sensorimotor polyneuropathy on 
EMG/NCS, nerve biopsy showing giant 
axons (axonal swelling) and disorganized 
neurofilaments, DNA analysis 

EMG/NCS showing demyelinating 
neuropathy, brain MRI showing white 
matter disease, DNA analysis 


Presence of toxin in stool/serum, culture 
bacterium from stool, EMG/NCS showing 
low-amplitude motor responses or 
decrement on repetitive nerve stimulation 
in a weak muscle 

Maternal history of myasthenia, EMG/NCS 
showing decrement on repetitive nerve 
stimulation in a weak muscle, good 
response to acetylcholinesterase inhibitors 

EMG/NCS showing decrement on repetitive 
nerve stimulation in a weak muscle, good 
response to acetylcholinesterase inhibitors, 
antiacetylcholine receptor antibody 
serology 

EMG/NCS showing decrement on repetitive 
nerve stimulation in a weak muscle, DNA 
analysis, negative anti-acetylcholine 
receptor antibody serology 


Markedly elevated CK, DNA analysis 


Test mother (then father) for clinical 
myotonia or electrical myotonic discharges, 
EMG/NCS with myopathy in newborn 
period and myotonic discharges in older 
children, normal to mildly elevated CK, 
DPMK gene CTG repeat analysis 

Normal to mildly elevated CK, muscle biopsy 
showing perimysial and perivascular 
inflammation, and MAC deposition on 
microvasculature 

GAA enzyme activity in dried blood spot, 
lymphocytes or fibroblasts, GAA gene 
analysis to confirm 


Continued 
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TABLE 29.2 Differentiating the Causes of Infantile Hypotonia—cont'd 


Localization Cause 


History and Exam Findings 


Muscle (cont d) Congenital muscular dystrophy Family history, proximal > distal muscle 
weakness, feeding and respiratory difficulties, 
early-onset contractures in specific subtypes, 
keloids/hyperkeratosis pilaris in specific 
subtypes, CNS dysfunction in specific subtypes 

Family history, proximal > distal muscle 
weakness, feeding and respiratory difficulties, 
ptosis and ophthalmoparesis in specific 
subtypes 

Family history, proximal muscle weakness, 
history of rhabdomyolysis or myoglobinuria, 
2nd-wind phenomenon in some subtypes 

Maternal inheritance pattern, proximal > distal 
weakness, ptosis, ophthalmoparesis, short 
stature, variable cardiac and CNS involvement, 
recurrent rhabdomyolysis 


Congenital myopathies 


Metabolic myopathies 


Mitochondrial myopathies 


Investigation to Aid in Diagnosis 


Brain MRI, mild to markedly elevated CK, 
muscle biopsy showing dystrophic changes, 
muscle MRI, EMG/NCS to assess for 
demyelinating neuropathy component and 
myopathy, DNA analysis 

Normal to mildly elevated CK, muscle biopsy 
showing specific changes (nemaline rods, 
cores, centrally-placed nuclei), DNA 
analysis 

Normal to markedly elevated CK, EMG/NCS 
usually myopathic, muscle biopsy, DNA 
analysis 

Normal to moderately elevated CK, EMG/ 
NCS showing myopathy and variable 
neuropathy, muscle biopsy with ragged red 
fibers, mitochondrial DNA analysis 


AVM, arteriovenous malformation; CK, creatine kinase; CNS, central nervous system; CSF, cerebrospinal fluid; CTG, cytosine-thymine-guanine; 
GAA, a-glucosidase; HIE, hypoxic-ischemic encephalopathy; EEG, electroencephalogram; EMG/NCS, electromyography/nerve conduction study; 
Gl, gastrointestinal; MAC, membrane attack complex; MRI, magnetic resonance imaging; RT-PCR, reverse transcription polymerase chain 


reaction; SMA, spinal motor atrophy. 
Moditied from Sparks SE. Neonatal hypotonia. Clin Perinatol. 2015;42:363-371. 


la afferent fiber 


Dorsal root ganglion 


s. 


= 


Alpha motor 
neuron 
Pa r (active) 


T 


Inhibitory interneuron 


Ventral root 


Lumbar spinal cord 
Gamma motor 


neuron 
(inhibitied) 


Muscle spindle 


Quadriceps muscle 


Hamstring muscle 


FIGURE 29.2 Lower motor neuron pathway influencing resting muscle tone. Stretching of the quadriceps 
muscle (agonist) will result in relaxation or inhibition of the hamstring muscle (antagonist). 


TABLE 29.3 Localization of Symptoms to Neural Axis 
UPPER MOTOR UNIT 


Level of 
consciousness 


Strength 
Tone 


DIR 


Babinski 
Fasciculations 
Atrophy 


Sensation 


Overall pattern 


T 


Mild to moderate J 

Spastic (hypotonia 
at onset possible) 

Normal to T 


Present 
Absent 
Mild to moderate 


Normal 


Hemibody deficits 


seizures 

Developmental 
delay 

Regression 

Cortical signs (e.g., 
language) 


Spinal Cord 
Normal 


Mild to moderate + 
LAcutely; T 


LAcutely; T 


Present usually 
Absent 
Mild to moderate 


Absent below level 
of lesion 


Spinal level present 


Radicular back pain, 


bowel/bladder 
dysfunction 


Alpha Motor 
Neuron 


Normal 


Marked J 
J, flaccid 


J to absent 


Absent 
Present 
Present 


Normal 


Normal to moderately 
elevated (several 
1000s IU/L) 


Proximal weakness in 
SMA; asymmetric 
weakness in other 
diseases 


CK, creatine kinase; DTR, deep tendon reflexes; SMA, spinal muscular atrophy. 
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LOWER MOTOR UNIT 


Peripheral Nerve 


Normal 


Marked + 
| 


j, to absent (lost 
early) 


Absent 
Rarely 
Present 


Abnormal in defined 
peripheral nerve 
distribution or 
glove/stocking 


Normal or mildly 


elevated (100s IU/L) 


Distal, length- 
dependent usually, 
defined nerve 
territory 


Neuromuscular 
Junction 


Normal 


Marked J 
| 


Normal 


Absent 
Absent 
Absent 


Normal 


symmetric, painless 
weakness of 
tonically active 
muscles 


Fluctuating diurnal 
variation 


Muscle 
Normal 


Marked J 
| 


Normal to 4 to 
absent 


Absent 
Absent 


Present 
Pseudohypertrophy 


Normal 


Normal to severely 
elevated 


Proximal > distal 
weakness 


Myalgia, Gower 
sign 


TABLE 29.4 Exam and Historical Findings to Distinguish Central from Peripheral Hypotonia 


Finding 

Seizures 

Altered mental status 
Delayed cognitive milestones 
Deep tendon reflexes 
Babinski sign 

Infantile reflexes 

Pull-to-sit 


Tongue fasciculations without 
other cranial nerve deficits 


Ophthalmoparesis 
Ptosis 


Weakness 

Antigravity movements 
Arthrogryposis 

Muscle atrophy 


Central 

Present 

Present 

Present 

Normal or increased 
Present 

Persistent 

Minor head lag 
Unlikely 


Present in brainstem disease 


Present in some brainstem diseases 


Mild to moderate 
Present 

Less common 
None to mild 


Peripheral 

Absent 

Absent 

Absent 

Absent or decreased usually 
Absent 

Not persistent 

Marked head lag 

Very likely 


Present in some myopathic diseases 


Present in some myopathic and 
neuromuscular junction diseases 


Severe 
Absent usually 
More common 


Moderate to severe 
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FIGURE 29.3 Normal postural responses in a 5-month-old infant showing that the elbow does not extend 
beyond the midline on joint extensibility testing (A), the head and body in the same plane (no head lag) on 
pull-to-sit with resistance resulting in flexed elbows and knees (B), and lack of a slip-through feeling with 
resistance against the examiner's hands, good maintenance of head control, and extension of the head and 
legs with the steppage reflex (D). An infant with hypoxic-ischemic encephalopathy who was initially hypotonic 
at the time of delivery was noted to be hypertonic at 8 months with a normal ventral suspension response 
as evidenced by the ability to keep the head above horizontal (C). 


FIGURE 29.4 Spinal muscular atrophy I (Werdnig-Hoffman disease): characteristic postures. A, A 6-week-old 
infant with severe weakness and hypotonia from birth. Note the frog-leg posture of the lower limbs and 
internal rotation (“jug-handle”) at the shoulders. B, A 1-year-old infant with frog-leg posture, external rotation 
at shoulders, intercostal recession, and normal facial expressions. A 6-week old infant with marked weakness 
of the limbs and trunk giving the characteristic inverted “U” appearance on ventral suspension (C) and pull- 
to-sit (D). (Modified from Volpe JJ, ed. Neurology of the Newborn. 5th ed. Philadelphia: Saunders; 2008: 
770-771.) 
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and the presence of head lag inappropriate for age suggests hypotonia 
(see Meee 29.4D and 29.5C). 

! : The response to axillary suspension allows 
assessment of generalized and shoulder girdle tone. The infant is held 
under the arms, lifted, and suspended from the axillae without the 
thorax being grasped. In infants with normal tone and strength, the 
shoulder girdle muscles exert enough strength to allow the infant to 


TABLE 29.5 Grading Muscle Strength 


0: No contraction 
1: Minimal contraction only 


2: Moves in horizontal plane but not against gravity 
3: Moves against gravity but not against resistance 
4: Moves against gravity and minimal resistance 

5: Moves against gravity and full resistance 


ANN aA ` 


e” é 
>, n Va — 
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slut 
à i y mS 
a K 
1 


Ley 


~ 
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be suspended without slipping through the examiner’s grasp. In addi- 
tion, the infant’s head is held midline and the legs are held with some 
flexion at the hips, knees, and ankles (see Fig. 29.3D). The hypotonic 
infant droops with legs extended and head falling forward, and the 
absence of resistance of the muscles of the shoulder girdle allows the 
infant to slip through the grasp of the examiner as the baby’s arms fling 
_ (see Fig. 29.52). 

jon. The response to ventral suspension allows 
assessment of tone of the trunk, neck, and extremities. The examiner 
holds the infant, who is lying prone. The infant is supported only by 
the examiner’s hand on the abdomen. A normal infant holds the head 
erect and the back straight and holds the extremities with some flexion 
at the elbows, hips, knees, and ankles (see Fig. 29.3C). A full-term 
neonate makes intermittent attempts to hold the head straight, main- 
tains the back straight, and can flex the limbs. The hypotonic infant 
droops in the examiner’s palm, as if in the shape of an inverted “U,” 
with the head and legs dangling limply (see Fig. 29.4C). 


FIGURE 29.5 An 18-month-old infant, with an undiagnosed pure motor neuron disorder with severe axial 
more than appendicular weakness, delays in motor milestones, and respiratory insufficiency, has internal 
rotation of upper arm and frog-leg position (A), a slip-through appearance on axillary suspension (B), and a 


prominent head lag on pull-to-sit traction testing (C). 
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FIGURE 29.6 Asymmetric tonic neck reflex. Normally present from 
birth to 2 months. Turning head to 1 side when supine elicits extension 
of arms and leg ipsilateral to side that head is turned and flexion of 
opposite arm and leg. Persistence beyond 2 months might suggest 
abnormal development of contralateral motor cortex. 


® Diagnostic Approach 


A careful perinatal history is obtained to identify possible features 
suggestive of perinatal hypoxic-ischemic brain injury. The infant who 
has a neurologic dysfunction attributable to perinatal asphyxia should 
have demonstrated evidence of an acute encephalopathy during the 
neonatal period (disturbance of consciousness, poor feeding, seizures, 
autonomic dysfunction). 

A computed tomographic (CT) study or magnetic resonance 
imaging (MRI) of the head is helpful to identify evidence of brain 
malformation, intrauterine infection, hypoxic brain injury, intra- 
cranial hemorrhage, or hydrocephalus. If the history suggests seizures, 
an electroencephalogram (EEG) should be obtained. 

An ophthalmologic evaluation may detect evidence of ocular mal- 
formation (cataracts, microphthalmia, optic hypoplasia), evidence of 
intrauterine infection (chorioretinitis), or retinal/macular abnormality 
(retinitis pigmentosa, cherry-red spot) (see Chapter 32). 

In some cases, requesting a hearing evaluation or brainstem audi- 
tory evoked response may be appropriate. A lumbar puncture is neces- 
sary only if acute or chronic (intrauterine) meningitis is suspected. 

Fig. 29.1 summarizes the approach to the hypotonic newborn. After 
a thorough history and careful physical examination, it should be 
determined whether the infant has signs of encephalopathy. A CT scan 
or MRI of the head is obtained to detect any anatomic abnormalities. 
If the scan does not reveal an abnormality and if the neonate exhibits 
increased reflexes and tone over time, a diagnosis of static encepha- 
lopathy can be made. If hypotonia persists, anterior horn cell disease, 
congenital myopathy, or NMJ disease should be considered (see Tables 
29.1 and 29.3), 


If the baby is not encephalopathic, the practitioner should deter- 
mine whether a syndrome (Prader—Willi or Down) is present. Is the 
motor-sensory level consistent with myelodysplasia or spinal cord 
injury? In addition, causes of arthrogryposis multiplex congenita 
must be considered (Table 29.6). 

If the baby is markedly weak, the examiner should check to see 
whether the mother is also weak (proximal muscle weakness, ptosis, 
ophthalmoparesis) or whether she displays myotonia (on hand grip or 
to percussion). If either is true, then transplacental-derived transient 
neonatal myasthenia gravis or myotonic dystrophy, respectively, is a 
possibility (Table 29.7). If neither is the case, then myopathy (Table 
29.8), congenital (genetic) myasthenia, infant botulism (Table 29.9), 
or anterior horn cell disease must be considered (see Table 29.2). 


Common Disorders 


Hypoxic-ischemic encephalopathy. Brain injury resulting from 
asphyxia, hypoxia, or ischemia is an important cause of neonatal neu- 
rologic morbidity. Tissue oxygen deficiency is presumed to underlie 
the neurologic injury caused by hypoxic-ischemic insults. An oxygen 
deficit may be incurred by either hypoxemia or ischemia. Hypoxemia 
is defined as diminished oxygen content of blood. Ischemia is charac- 
terized by reduced blood perfusion in a particular tissue bed. Hypox- 
emia and ischemia often occur simultaneously or in sequence. Ischemia 
is likely to be the more important of these 2 insults. 

Asphyxia denotes an impairment in gas exchange, which results not 
only in a deficit of oxygen in blood but also in an excess of carbon 
dioxide and thereby acidosis. Furthermore, sustained asphyxia usually 
results in hypotension and ischemia, which is consistent with the likely 
predominant importance of ischemia as the final common pathway to 
brain injury. Asphyxia is the most common clinical insult resulting in 
brain injury during the perinatal period. 

Evidence of hypoxic-ischemic injury to the neonatal nervous 
system is reflected by a constellation of signs noticed early after birth. 
The asphyxiating event or events may occur at any point in the ante- 
partum, intrapartum, or postpartum periods. On the basis of admit- 
tedly imprecise historical data, it has been concluded that insults 
sustained by the fetus during the antepartum period account for 
approximately 20% of cases of hypoxic-ischemic encephalopathy 
(HIE). Maternal cardiac arrest or hemorrhage leading to transplacental 
and fetal hypotension represents such prenatal insults. Intrapartum 
events, such as placental abruption, uterine rupture, and traumatic 
delivery, may account for 35% of cases of HIE. In an additional 35% 
of infants displaying signs of HIE, markers of intrapartum fetal distress 
and antepartum risk, such as maternal diabetes, intrauterine growth 
restriction, or maternal infection, are found. Postpartum difficulties, 
such as cardiovascular compromise, persistent fetal circulation, and 
recurrent apnea, account for approximately 10% of HIE cases. Post- 
partum difficulties are found more commonly in premature than in 
full-term infants. Therefore, for at least 65% of cases of neonatal HIE, 
difficulties of the intrapartum period alone do not explain the 
encephalopathy. 

Recognition of neonatal HIE requires careful observation and 
examination of the newborn in the context of a detailed history of 
pregnancy, labor, and delivery. Newborns who have sustained hypoxic- 
ischemic insults severe enough to cause permanent neurologic injury 
usually demonstrate abnormalities on neurologic examination. Indeed, 
a combination of low Apgar scores, fetal acidosis or distress, and 
abnormal neurologic examination findings help define HIE. Nonethe- 
less, if the hypoxic-ischemic damage has occurred well in advance of 
parturition, it may be asymptomatic in the neonate. 

Mild HIE (stage 1) may be characterized by hyperalertness or by 
mild depression of the level of consciousness, which may be 


TABLE 29.6 Major Causes of 
Arthrogryposis Multiplex Congenita 


Site of Major 


Pathologic Findings Disorder 
Cerebrum, brainstem, 


cerebellum 


Microcephaly 

Cortical migrational disorders: 
lissencephaly-pachygyria (e.g., Zellweger 
syndrome), polymicrogyria, agenesis of 
the corpus callosum, schizencephaly 
Pontocerebellar hypoplasia (type 1) 
Dentato-olivary dysplasia 
Cytomegalovirus infection 
Leptomeningeal angiomatosis 
Encephaloclastic processes: 
porencephalies, hydranencephaly, 
multicystic encephalomalacia 
Hydrocephalus 


Spinal cord Cervical spinal atrophy 
Lumbosacral meningomyelocele 


Sacral agenesis 


Anterior horn cell Spinal muscular atrophy type 1 
Spinal muscular atrophy with respiratory 


distress type 1 


Peripheral nerve Charcot—-Marie—Tooth disease 


Neuromuscular junction Congenital myasthenic syndromes 


Maternal autoimmune myasthenia (rare) 


Muscle Congenital myotonic dystrophy 
Congenital muscular dystrophies 
Congenital myopathies (nemaline 
myopathy, myotubular myopathy, core 
myopathy) 

Distal arthrogryposis syndromes (types 
1-10) 

Amyoplasia (vascular compromise to 
fetus or placenta during embryogenesis) 
Lack of space: multiple pregnancies, 
uterine abnormality (bicornuate uterus, 
uterine fibroid) 

Fetal alcohol syndrome with contractures 
Intrauterine tumors 

Amniotic fluid leakage 

Disruption (bands) 

Maternal illnesses: infections, untreated 
SLE, metabolic imbalances 

Maternal medications (curare, muscle 
relaxants) 

e Maternal injuries in the 1st trimester 


Intrauterine/maternal 
factors 


Joint and connective tissue e Chondrodysplasia 
abnormalities Congenital contractural arachnodactyly 
Marfan syndrome 


SLE, systemic lupus erythematosus. 
Modified from Volpe JJ, ed. Neurology of the Newborn. 5th ed. 
Philadelphia: Saunders; 2008:760. 


accompanied by uninhibited Moro and brisk deep tendon reflexes, 
signs of sympathetic activity (dilated pupils), and a normal or only 
slightly abnormal EEG. Typically, these symptoms last less than 24 
hours. Moderate HIE (stage 2) may be marked by obtundation, hypo- 
tonia, diminished number of spontaneous movements, and seizures. 
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TABLE 29.7 Clinical Features of 
Congenital Myotonic Dystrophy 


% of Cases 


Clinical Feature Exhibiting Feature 


Hypotonia 100 
Muscle atrophy 100 
Transmission via mother 100 
Intellectual disability in survivors 100 
Facial diplegia 100 
Feeding difficulties a2 
Respiratory distress 88 
Hyporeflexia or areflexia 87 
Arthrogryposis 82 
Polyhydramnios 80 
Reduced fetal movements 68 
Edema 54 
Premature birth (<36 wk) 52 
Elevated right hemidiaphragm 49 
Neonatal mortality 41 
Infant death in siblings 28 


From Volpe JJ, ed. Neurology of the Newborn. 5th ed. Philadelphia: 
Saunders; 2008:802. 


Infants with severe HIE (stage 3) are ill for more than 24 hours and 
are comatose. In addition, they are markedly hypotonic and display 
bulbar and autonomic dysfunction. The EEG is abnormal and may 
demonstrate a burst-suppression pattern or seizures, or it may be 
isoelectric. 

Neonates with moderate or severe HIE may show variation in level 
of consciousness during the 1st days after birth. Initially, depression of 
level of alertness may appear to improve after the first 12-24 hours 
after birth. However, specific signs of improving alertness such as 
visual fixation or following are lacking. In addition, other persistent or 
progressive neurologic deficits, as well as functional deterioration of 
other extraneural systems, are inconsistent with a true improvement 
in neurologic state. Coma may persist, supervene, or even progress to 
brain death by 72 hours of life. If the infant survives 72 hours without 
losing all cerebral function, a variable amount of improvement may be 
observed. 

Diffuse hypotonia accompanied by a lack of movement constitutes 
the most frequently observed motor deficit found early in the course 
of neonatal HIE. By the end of the 1st day, patterns of weakness that 
reflect the distribution of cerebral injury from a generalized hypoxic- 
ischemic insult may emerge. Affected full-term infants may demon- 
strate quadriparesis with predominant proximal limb weakness. This 
pattern of weakness derives from ischemia in the watershed or para- 
sagittal region of the brain, which corresponds to the border zones of 
circulation between the anterior and the middle cerebral arteries and 
the middle and the posterior cerebral arteries. Affected premature 
infants may have weakness primarily in the lower extremities because 
of perinatal ischemic injury of motor fibers serving the legs. These 
fibers lie dorsal and lateral to the external angles of the lateral ventri- 
cles. Focal injury resulting from focal ischemia (stroke) may result in 
focal deficits reflective of the vascular territory in which the injury has 
occurred. These patterns are relatively subtle. As many as 70% of 
infants with moderate or severe HIE experiences seizures by the end 
of the 1st day of life. 
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(See Nelson Textbook of Pediatrics, p. 2980.) 
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TABLE 29.8 Specific Congenital Myopathies: Distinguishing Clinical Features 


Subcategory Distinguishing Clinical Features Associated Genes: 


Central core disease e Facial weakness mostly with RYR1 Fie SERN TTN Aa CCIC 
e Ophthalmoparesis and ptosis with RYR1 
e High incidence of malignant hyperthermia with RYR1 
e Severe axial/respiratory weakness out of proportion to limb weakness 
with SEPN1 
Prominent early fixed kyphoscoliosis with RYR1 
Rigid spine in older childhood with SEPN1 
High incidence of club feet, pes cavus, foot drop, and distal hand/foot 
muscle atrophy with RYR1 


Nemaline myopathy Prominent facial weakness ACIAT NEB, TPM3, TPM TNNT1, CFL2, 
severe bulbar weakness, feeding difficulties, and respiratory compromise in KBIBD13, KLHL40, KLHL41, LMOD3 
neonatal period or early infancy in some 


Centronuclear myopathy Prominent facial weakness MIMI (causes myotubular myopathy), DNM2, 
Prominent ophthalmoparesis and ptosis (in infancy) BINT, AYRI 
Prominent bilateral ptosis 
severe bulbar weakness, feeding difficulties, and respiratory compromise in 
neonatal period or early infancy 
Infant that is long for age with elongated hands/feet 
High incidence of neonatal/infantile death with M7M1 
High incidence of club feet, pes cavus, foot drop, and distal hand/foot 
muscle atrophy with DMN2 


Congenital fiber type severe axial/respiratory weakness out of proportion to limb with SEPN7 TPM3, RYR1, TPM2, SEPN1, ACTA1 
disproportion Rigid spine in older childhood with SEPN7 


RYR1, ryanodine receptor 1; SEPN7, selenoprotein N 1; TTN, titin; MYH7Z, myosin heavy chain 7; CCDC78, coiled-coil domain-containing protein 
78; ACTAT, alpha-actin-1; NEB, nebulin; TPM3, tropomyosin 3; TPM2, tropomyosin 2; TNNT1, troponin T1; CFL2, cofilin 2; KBTBD13, Kelch 
repeat and BTB/POZ domains-containing protein 13; KLHL40, Kelch-like 40; KLHL41, Kelch-like 41; MTM1, myotubularin; DNM2, dynamin 2; 
BIN1, bridging integrator 1; LWOD3, leiomodin 3. 


: : Focal and multifocal ischemic brain injury may occur during the 
arae MaA a Versus perinatal period. Such injury, most often infarction, occurs in a vascu- 


lar distribution. Prenatal cerebral infarctions have been identified by 
Infantile “Congenital intrauterine ultrasonography. In one autopsy study of neonates, 32 of 
Botulism Myasthenia” 592 (5%) infants had cerebral infarctions. Among neonates surviving 
only a few hours after birth, several had infarctions with subacute or 
chronic histologic characteristics, indicating that the ischemic insult 
occurred before parturition. Focal seizures are the heralding sign of 
neonatal stroke. Although clinical signs corresponding to the area of 
infarction are expected, they may be absent. Neonatal strokes may 
follow uneventful deliveries and may occur in otherwise normal- 
Dilated, poorly reactive appearing infants. Stroke may also accompany asphyxia, coagulopathy, 

pupils polycythemia, and sepsis. A predilection for these ischemic lesions to 
Constipation occur in the territory of the middle cerebral artery, especially the left, 
Response to has been noted and remains unexplained. 

TIETE A direct relationship between motor and cognitive deficits at 1 year 
of age and the severity of acidosis observed at birth in asphyxiated and 
symptomatic neonates has been described. The extent of these sequelae 
is dependent not only on the occurrence of asphyxia but also on its 
duration. The 3 stages of HIE also correlate with outcome at 1 year of 
age. Those neonates with mild (stage 1) HIE or those who demonstrate 
Family history = i= moderate (stage 2) HIE for less than 5 days usually develop normally. 
Persistence of moderate encephalopathy or appearance of severe (stage 
infantile (autoimmune) myasthenia, and transient acquired neonatal 3) HIE is associated with seizur es and motor and cognitive delay during 
myasthenia: +, present; — absent: +/—, variable: RNS^, repetitive follow-up. Children with mild HIE as neonates tend to be free of 
nerve stimulation. handicap in motor, cognitive, and school performance. Greater impair- 
Modified from Volpe JJ, ed. Neurology of the Newborn. 5th ed. ment of performance in each of these developmental spheres is found 
Philadelphia: Saunders; 2008:791. among children who exhibited moderate or severe neonatal HIE. 


Sudden onset in a previously + = 
healthy infant 


Generalized hypotonia and 
weakness 


Facial weakness, ptosis 


3 Hz (low frequency) RNS^ Decremental Decremental 
response response 


High-frequency RNS^ Incremental response Decremental 
in mild cases response 


*Congenital myasthenia includes congenital myasthenic syndromes, 
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The likelihood of long-term neurologic sequelae after HIE is 
increased by the presence of neonatal seizures. The EEG may provide 
valuable prognostic information after the occurrence of seizure. Inter- 
ictal background abnormalities, such as a burst-suppression pattern, 
persistently low voltage, and electrocerebral inactivity, are highly cor- 
related with poor outcome. Conversely, infants with normal EEGs or 
those revealing only maturational delay have much more favorable 
prognoses. 

Neuroimaging is useful in determination of prognosis. Head ultra- 
sonography has shown that severe periventricular intraparenchymal 
echodensities followed by evidence of tissue injury (cyst formation) 
are correlated with later motor and cognitive deficits in premature 
infants. MRI performed early in the neonatal course of hypoxic- 
ischemic brain injury provides useful prognostic information. Most 
infants with MRI evidence of basal ganglia “hemorrhage,” periven- 
tricular leukomalacia, or multicystic encephalomalacia after asphyxia 
ultimately demonstrate neurodevelopmental abnormalities. Diffusion- 
weighted imaging (DWI) reveals evidence of neonatal brain injury 
earlier than T1 and T2 weighted pulse sequences. Indeed, DWI reveals 
focal injury when standard MRI and CT are normal (Fig. 29.7). 

Brain malformations. Brain malformation can arise as a result of 
a chromosomal disorder, as a component of a multiple malformation 
syndrome, or as an isolated abnormality. When associated with a chro- 
mosomal disorder or multiple malformation syndromes, the other 
associated features are the primary clues to diagnosis. In isolated brain 
malformation, the primary features are microcephaly (in most cases) 


and cognitive and motor developmental impairment. The MRI scan 
can detect abnormalities of development of the hemispheric structures 
(agenesis of the corpus callosum, holoprosencephaly), abnormalities 
of cortical cellular migration (lissencephaly, pachygyria), and cerebral 
heterotopias as well as brainstem and cerebellar malformations (e.g., 
Joubert syndrome). 


Uncommon Disorders 


Progressive encephalopathies of infancy. Progressive encepha- 
lopathies of infancy account for a small number of children with 
persistent hypotonia (see Chapter 24). These disorders are recogniz- 
able by a progressive deterioration of neurologic function and by diag- 
nostically specific clues. The infant’s development is normal for some 
time and then plateaus; this is followed by developmental regression 
with loss of previously acquired skills. Hypotonia is a feature of many 
of these disorders, at least at some point during the course of the 
illness. Some disorders feature hypotonia as the result of the combina- 
tion of CNS injury and an associated polyneuropathy (Krabbe disease 
and metachromatic leukodystrophy). Progressive disorders that may 
be associated with hypotonia include neonatal adrenoleukodystrophy, 
mannosidosis, fucosidosis, Gaucher disease types 2 and 3, GM, gan- 
gliosidosis, infantile neuroaxonal dystrophy, infantile Refsum disease, 
Krabbe disease, metachromatic leukodystrophy, mucolipidosis type IV, 
and Tay-Sachs disease. The diagnosis of these disorders is based on 
recognition of clinically suggestive clues and on results of specialized 
biochemical and molecular genetic testing. If such a disorder is 


FIGURE 29.7 A and C, Predominant patterns of brain injury in newborns with hypoxic-ischemic brain injury. 
These apparent diffusion coefficient maps performed on day 3 of life and (B and D) T1 weighted images 
performed on day 10 of life are typical of the 2 major predominant patterns of brain injury seen in term 
newborns with hypoxic-ischemic encephalopathy. A, In the “watershed” pattern, areas of restricted diffusion 
are seen in the parasagittal regions (arrows). B, One week later, very subtle hyperintensities can be seen in 
the same areas on the T1 weighted images (arrows). C, In the “basal nuclei” predominant pattern, the areas 
that show restricted diffusion are the thalami and basal ganglia (white star) bilaterally. In this example, part 
of the optic radiation is also affected (black arrow). D, On day 10, the injury in the thalami and basal ganglia 


(black star) appears as 11 hyperintensities bilaterally. 
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suspected, the infant should be referred to appropriate genetic and 
neurologic specialists. 

Mitochondrial diseases. Mitochondrial diseases often affect both 
the brain and muscle and clinically manifest as hypotonia, probably as 
a combination of both cerebral dysfunction and myopathy (‘Tables 
29.10 and 29.11). The diagnosis is based on recognition of clinical 
symptoms, presence of lactic acidosis, presence of ragged red fibers on 
muscle histologic examination, and mitochondrial abnormalities iden- 
tifiable on a muscle electron microscopic examination (Fig. 29.8). The 
diagnosis of many mitochondrial diseases is possible by specific mito- 
chondrial DNA testing. Other inborn errors of metabolism may 
produce hypotonia by central mechanisms (organic acidurias, hyper- 
ammonemia) or by interfering with muscle metabolism (Table 29.12). 

Brain malformation syndromes. Miller—Dieker syndrome is char- 
acterized by severe lissencephaly (“smooth brain” with agyria), severe 
developmental impairment, hypotonia early in life, and hypertonia 
with age. The facial changes include bitemporal hollowing, upturned 
nares, thin vermilion border, and small jaw. Fluorescence in situ 


TABLE 29.10 Clinical Spectrum of 
Mitochondrial Disease 


Nervous System 
Hypotonia 
Failure to thrive 
Motor regression 
Stroke (nonvascular) 
Dementia 
Episodic encephalopathy (elevated cerebrospinal fluid lactate) 
Intellectual disability 
Neuropathy (axonal, demyelinating, or sensory ganglionopathy) 
Ophthalmoparesis (slowly progressive) 
Ptosis (slowly progressive; little diurnal variation; asymmetric at onset) 
Optic atrophy 
Retinitis pigmentosa (perimacular; vision usually spared) 
Ataxia 
Central apnea 
Epilepsy (focal or multifocal myoclonus; status epilepticus; triggered by 


sodium valproate) 

Migraines 

sensorineural hearing loss (asymmetric; young onset; partial recovery 
possible) 


Heart 
e Cardiomyopathy 
e Conduction block or arrhythmia 


Skeletal Muscle 

e Myopathy (proximal, symmetric weakness; myalgia) 
e Exercise intolerance 

e Episodic rhabdomyolysis 


Other 

e Lactic acidosis 

e Recurrent bowel obstruction (pseudoobstruction) 
short stature 
Diabetes (young onset; nonobese) 


Moditied from Amato A, Russell J. Neuromuscular Disorders. 1st ed. 
New York: McGraw-Hill; 2008; Liang C, Anmad K, Sue CM. The 
broadening spectrum of mitochondrial disease: shifts in the 
diagnostic paradigm. Biochim Biophys Acta. 2014;1840:1360-1367. 


hybridization—detectable microdeletions of 17p13.3 in the PAFAH1BI1 
and YWHAE genes cause 80% of de novo mutations, whereas the 
remaining 20% are inherited from a parent with a balanced chromo- 
somal rearrangement. 

Muscle-eye-brain diseases (MEB) are an expanding category of 
congenital muscular dystrophies with eye abnormalities and an assort- 
ment of brain malformations including cobblestone lissencephaly type 
II, focal pachygyria, polymicrogyria, pontocerebellar hypoplasia, and 
occipital encephalocele. These diseases are characterized by hypotonia 
in infancy due to a concomitant muscular dystrophy and CNS disease 
and variable degrees of intellectual disability. Walker-Warburg syn- 
drome is the most severe form of MEB, usually resulting with early 
demise. Genes associated with MEB are increasing rapidly: POMT1, 
POMT2, POMGnT1, FKTN, FKRP, LARGE, ISPD, GTDC2, B3GALNT2, 
B3GNT1, TMEM5, POMK, DPM1, DPM2, DPM3, DOLK, GMPPB, 
and DAG1. 


HYPOTONIC OLDER CHILD 


® Clinical Evaluation 
Posture and Strength 


Observation of the child’s spontaneous posture may suggest the pres- 
ence of weakness. Muscle strength can be observed as the child per- 
forms functional tasks, including pulling to sit spontaneously from a 
prone position, arising to stand from a sitting or lying position, stand- 
ing on 1 leg independently, hopping, walking, running, and climbing 
stairs. The wheelbarrow maneuver can be used to functionally assess 
strength in the upper extremities. In the child older than 5 years, 
manual muscle testing can be performed if the child is cooperative (see 
Table 29.5). The examiner evaluates each muscle group independently, 
comparing the child’s muscle strength in resistance to the examiner’s 
strength. The child with muscle weakness has difficulty performing 
motor tasks and may exhibit unusual postures (lordosis) or toe walking, 
and on manual muscle testing, may be easily overcome by the exam- 
iner’s strength. 


Passive Tone 


Passive muscle tone is more consistent during the waking hours in the 
child than in the infant. The major joints should be moved through 
their range of motion and the extent of resistance noted. Flapping the 
distal extremities provides a useful clue. Briskly lifting the lower 
extremity at the knee while the patient lies supine is a useful test of 
muscle tone. In the normal child, the foot briefly drags along the 
examination table and then rises with the leg. In the hypertonic child, 
the leg remains extended stiffly at the knee. In the hypotonic child, the 
lower leg hangs limply and the foot drags as the knee is raised. 


Joint Extensibility 


The hypotonic child demonstrates hyperextensibility of joints, espe- 
cially at the elbows, wrists, knees, and ankles. Examination of the small 
muscles of the fingers may also be helpful (Fig. 29.9). 


® Diagnostic Approach 


The diagnosis of a particular neurologic disorder depends on the loca- 
tion of the lesion (i.e., which part of the nervous system is impaired 
or abnormal), the patient’s age, and whether the condition is progres- 
sive or static (see Tables 29.1 to 29.3). Fig. 29.10 outlines an algorithm 
for determining the cause of muscle weakness in a child. 


Anatomic Localization 


The initial approach is to identify the location of dysfunction along 
the axis of the nervous system. Disorders of the cerebral cortex 


TABLE 29.11 
and Genotype 


Select Mitochondrial Disorders with Hypotonia Classified by Clinical Phenotype 


Clinical Phenotype 


MELAS syndrome 
[mitochondrial 
encephalopathy, lactic 
acidosis, and 
strokelike episodes) 


MERRF syndrome 
(myoclonic epilepsy 
with ragged red 
fibers) 


KSS (Kearns-Sayre 
syndrome) 


CPEO (chronic 
progressive external 
ophthalmoplegia) 


Leigh syndrome 
(subacute necrotizing 
encephalomyelopathy) 


NARP 

(neurogenic muscle 
weakness, ataxia, 
retinitis pigmentosa) 

Mitochondrial DNA 
depletion syndrome 


Associated Mutations 


tRNA point mutations: 

e m.3243A>G in tRNA" (~80% of cases) 

e m.3217T>C in tRNA‘ (~7.5% of cases) 

e m.13513G>A encoding NADH-ubiquinone 
(<15% of cases) 

e m.3252A>G in tRNA‘ (<5% of cases) 

e Multiple other mtDNA point mutations 


tRNA point mutations: 

e m.8344A>G in tRNA": (>80% of cases) 
e m.8356T>C in tRNA" 

e m.8363G>A in tRNA” 

e m.8361G>A in tRNA" 

e Multiple other mtDNA point mutations 


Single large mtDNA deletion (1.1-10-kb) 

e m.8470_13446del4977 (deletion of 4977 
base pairs; most common) 

e Multiple other mtDNA deletions 


Single large mtDNA deletion (1.1-10 kb) 

e m.3243A>G in tRNA‘ (most common; 
same as MELAS) 

e Multiple other mtDNA point mutations 

e Multiple mtDNA deletions caused by 
mutations in the following nuclear 
genes: SLC25A4 encoding ANT1, C 10orf2 
encoding twinkle, POLG7 encoding 
mtDNA polymerase, POLG2, OPAT 


mtDNA mutations: 

e m.8993T>G or m.8993T>C in MT-ATP6 
(~10% of cases) 

e Multiple other mtDNA point mutations 

e m.8470_13446del4977 (deletion of 4977 
base pairs; also seen in KSS) 

Nuclear gene mutations resulting in 

respiratory chain complex deficiencies: 

e Complex |: NDUFV1, NDUFS1, NDUFS2, 
NDUFS3, NDUFS4, NDUFS7, NDUFS8, 
NDUFA1, NDUFA2, NDUFA10, NDUFAS, 
NDUFA12, NDUFAF2, NDUFAF5, 
NDUFAF6, FOXRED1 

e Complex Il: SDHA, SDHAF1 

e Complex Ill: BCS7L, UQCRQ, TTC19 

e Complex IV: SURF1, COX10, COX15, 
SCOZ, NDUFA4, PET100, LRPPRC 


e m.8993T>G or m.8993TSC in MT-ATP6 
(50% of cases) 


e Homozygous or compound heterozygous 
mutations in 7K2 (thymidine kinase 2), a 
mitochondrial deoxyribonuclease, 
resulting in mitochondrial depletion 


Mode of Inheritance 


Maternal 


Maternal 


Sporadic 


Sporadic 
Maternal 


Autosomal dominant 


Maternal 


Sporadic 


Autosomal recessive 


Maternal 


Autosomal recessive 


Common Clinical Features 


Cardinal—strokelike episodes, intermittent 
encephalopathy, [2/FLAIR abnormalities on 
brain MRI that do not respect vascular 
territory, lactic acidosis 

Other—hearing loss, diabetes, short stature, 
gastrointestinal issues 


Cardinal—myoclonus, proximal weakness, 
generalized epilepsy, ataxia 
Other—multiple lipomatosis, hearing loss, 
cognitive impairment, neuropathy 


Cardinal—multisystemic disease with 
progressive external ophthalmoplegia, 
pigmentary retinopathy, cardiomyopathy 
before age 20 yr 

Other—short stature, proximal muscle 
weakness, hearing loss, dementia, ataxia, 
multiple endocrinopathies (diabetes, 
hypothyroidism, hypoparathyroidism, 
hypogonadism 


Cardinal—skeletal muscle disorder with 
ptosis, ophthalmoparesis, +/— proximal 
muscle weakness 


Hypotonia, spasticity, movement disorders 
(chorea), cerebellar ataxia, neuropathy, 
bilateral basal ganglia lesions, seizures, lactic 
acidosis, psychomotor retardation/regression 
especially with illness between 3-12 mo of 
age 

Hypertrophic cardiomyopathy 


Proximal neurogenic muscle weakness, 
sensory neuropathy, seizures, ataxia, 
pigmentary retinopathy, learning difficulties, 
dementia with onset usually in childhood 


Hypotonia, proximal muscle weakness, axial 
weakness, respiratory insufficiency, marked 
clinical variability with death in infancy to 
early adulthood due to respiratory insufficiency 


FLAIR, fluid-attenuated inversion recovery; GI, gastrointestinal; MRI, magnetic resonance imaging; mtDNA, mitochondrial DNA; NADH, 
nicotinamide adenine dinucleotide, reduced form; tRNA, transfer RNA. 

Data from DiMauro S, Hirano M. MERAF. 2003 Jun 3. Seattle (WA): University of Washington: GeneReviews (Internet); DiMauro S, Hirano M. 
MELAS. 2001 Feb 27. Seattle (WA): University of Washington: GeneReviews (Internet); Thorburn DR, Rahman S. Mitochondrial DNA-Associated 
Leigh Syndrome and NARP. 2003 Oct 30. Seattle (WA): University of Washington: GeneReviews (Internet); Liang C, Anmad K, Sue CM. The 
broadening spectrum of mitochondrial disease: shifts in the diagnostic paradigm. Biochim Biophys Acta. 2014;1840:1360-1367. 
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FIGURE 29.8 Pathologic changes seen in mitochondrial myopathy. Hematoxylin and eosin stain (A) demon- 
strating increased fiber size variation and subsarcolemmal basophilic deposits (arrows) correlating with 
ragged red fibers (arrows) on Gomori trichrome (B) oil red O (C) and toluidine (D) staining showing Increased 
lipid deposition in the fibers (arrows) indicative of marked mitochondrial dysfunction due to defects in 
B-oxidation. (E) COX (brown stain) with SDH counterstain (blue stain) showing many COxX-negative fibers 
(blue staining fibers) indicative of mitochondrial dysfunction since the COX enzyme is partly encoded within 
mitochondrial DNA. (F) Electron microscopy showing classic paracrystalline “parking lot” inclusions within 
the mitochondria located immediately underneath the sarcolemma that correlate highly with mitochondrial 
dysfunction (arrows; inset with higher magnification) and increased lipid deposition (arrowheads). (A, Cour- 
tesy Michael Lawlor, MD, PhD, Medical College of Wisconsin, Milwaukee, WI; C, D, and F courtesy Karra 
Jones, MD, PhD, UC San Diego, San Diego, CA; B, E, courtesy Chamindra Konersman, MD, Medical College 
of Wisconsin, Milwaukee, WI.) 
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TABLE 29.12 Metabolic Diseases That Affect Muscle 


Name(s) 


Glycogen storage disease 
type II (Pompe disease) 


Glycogen storage disease 
type Illa (Debrancher 
deficiency, Cori disease, 
Forbes disease) 


Glycogen storage disease 
type IV (Brancher 
deficiency, Andersen 
disease) 


Glycogen storage disease 
type V (McArdle disease) 


Glycogen storage disease 
type VII 
(Tarui disease) 


Glycogen storage disease 
VIII (phosphorylase kinase 
[PhK] deficiency) 


Glycogen storage disease IX 
(phosphoglycerate kinase 
deficiency) 


Glycogen storage disease X 
(Phosphoglycerate mutase 
deficiency) 

Glycogen storage disease XI 
(lactate dehydrogenase 
deficiency) 


Enzyme Deficiency 


a-1,4-Glucosidase (GAA 
enzyme) 


Amylo-1,6-glucosidase 


Glycogen branching 
enzyme (GBE) 


Myophosphorylase 


Phosphofructokinase 


Phosphorylase b kinase 


Phosphorylase a1 kinase 
Phosphoglycerate kinase 


Phosphoglycerate 
mutase 


Lactate dehydrogenase 


Clinical Features 


Infantile-onset Pompe—poor feeding, 
motor delay and hypotonia with 
weakness, respiratory difficulties, cardiac 
issues (short P-R interval with wide ORS 
complex, cardiomegaly, LV outflow 
obstruction, cardiomyopathy) 

Late-onset Pompe—limb-girdle pattern of 
weakness, respiratory insufficiency 
without clinical heart disease 

GAA enzyme replacement therapy 
available 


Ketotic hypoglycemia, hepatomegaly, 
hyperlipidemia, elevated liver enzymes, 
cardiomyopathy in childhood, limb-girdle 
pattern of weakness in 20s—30s 


Fatal perinatal neuromuscular subtype— 
fetal akinesia, polyhydramnios, fetal 
hydrops 

Congenital neuromuscular subtype— 
hypotonic newborn, respiratory distress, 
dilated cardiomyopathy, death in infancy 
Childhood neuromuscular subtype— 
chronic progressive myopathy, dilated 
cardiomyopathy 


Exercise-induced muscle cramps and 
pain, especially early in exercise, that 
improve with rest or lower intensity 
(“2nd-wind phenomenon”) 

Recurrent myoglobinuria +/— 
rhabdomyolysis 


Classical form—muscle aching, cramping, 


exercise intolerance, myoglobinuria, 
nausea/vomiting after intense exercise, 
starting in childhood; hemolytic anemia 
Late-onset form—cramps, myalgia, mild 
proximal weakness in adulthood 


Infantile form—hypotonia, arthrogryposis, 


intellectual disability, fatal in infancy 


Exercise intolerance, cramps, 
myoglobinuria, progressive muscle 
weakness in childhood to adulthood 
Hepatomegaly, growth retardation, 
fasting ketosis and hypoglycemia 

Same as above but X-linked and very rare 
Myopathic form—muscle weakness, 
pain, cramping, especially with exercise 
with myoglobinuria +/— rhabdomyolysis 
Strenuous exercise intolerance, cramps, 
myoglobinuria 


Exercise intolerance, cramping, recurrent 
myoglobinuria 


Diagnostic Testing 


Measure ot-glucosidase (GAA) enzyme activity on 
dried blood spot to screen 

Confirm via GAA gene sequencing demonstrating 
biallelic mutations for definitive diagnosis 
Baseline elevated CK (~10x normal) in 
infantile-onset form; baseline CK may be normal 
in adult-onset form 

Muscle biopsy may show vacuoles (lysosomes) 
and glycogen accumulation with positively 
staining PAS; 20-30% of patients with 
adult-onset form may not show specific changes 
on biopsy 

Baseline elevated CK (2-20 normal) 
Triglycerides, cholesterol, and liver enzymes are 
elevated 

AGL gene sequencing demonstrating biallelic 
mutations for definitive diagnosis 


Demonstrate deficiency of GBE in the liver, 
muscle, or skin fibroblasts 

GBE1 gene sequencing demonstrating biallelic 
mutations for definitive diagnosis 


Baseline elevated CK (>5x normal) 

PYGM gene sequencing demonstrating biallelic 
mutations for definitive diagnosis 

Quantitative or qualitative (stain) on muscle 
biopsy shows virtual absence of enzyme activity 
Subsarcolemmal glycogen accumulation on 
muscle biopsy on LM (either PAS-positive or 
vacuoles on H&E) and EM 


Baseline elevated CK 
PFK gene sequencing demonstrating biallelic 
mutations for definitive diagnosis 


Baseline elevated CK 

PhK enzyme activity reduced in muscle 

PHKA1 gene sequencing or/and PHKB gene 
sequencing demonstrating biallelic mutations for 
definitive diagnosis 


Baseline mildly elevated CK 

PGK1 gene sequencing demonstrating biallelic 
mutations for definitive diagnosis 

Baseline mildly elevated CK 

PGAMZ2 gene sequencing demonstrating biallelic 
mutations for definitive diagnosis 

Normal CK between attacks 

LDHA gene sequencing demonstrating biallelic 
mutations for definitive diagnosis 


Continued 
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TABLE 29.12 Metabolic Diseases That Affect Vluscle—cont'd 


Name(s) Enzyme Deficiency 
systemic primary carnitine 


deficiency 


Solute carrier family 22 
(sodium-dependent 
carnitine transporter) 


Clinical Features 


Diagnostic Testing 


e Childhood myopathic form—hypotonia, e Baseline CK elevated 
dilated cardiomyopathy that could result e Reduced plasma carnitine levels 
in death, proximal muscle weakness in e Increased lipid deposition on muscle biopsy 


early childhood (2—4 yr) e SLC22A5 gene sequencing demonstrating 


e Adult form—fatigability 


Carnitine 
palmitoyltransferase II 
deficiency 


palmitoyltransferase II 
(CPT Il) 


Carnitine e Myopathic form—recurrent myalgia and 
myoglobinuria after prolonged exercise, 
cold, or fasting; weakness during attacks; 
onset from childhood to adulthood 


biallelic mutations for definitive diagnosis 


Normal CK between attacks 

CPT I gene sequencing demonstrating biallelic 
mutations for definitive diagnosis 

Muscle biopsy can be normal 


severe infantile form—liver failure, 
cardiomyopathy, seizures, hypoketotic 
hypoglycemia, myopathy before 1 yr of 


age (rare) 


CK, creatine kinase; EM, electron microscopy; H&E, hematoxylin and eosin; LM, light microscopy; LV, left ventricular; PAS, periodic acid—-Schiff. 


FIGURE 29.9 Hyperlaxity at the distal interohalangeal joints in a 9-year- 
old girl with a congenital myopathy. 


commonly cause hypotonia in infants and children. Some progressive 
neurologic disorders affect both the brain and peripheral nerves 
(metachromatic, Krabbe disease, adrenoleukodystrophies, and some 
mitochondrial disorders). Other progressive disorders may affect both 
brain and muscle (MEB, neonatal myotonic dystrophy, and some mito- 
chondrial disorders). 

Sometimes disturbance of function at one site conveys a predilec- 
tion for injury to another site in the nervous system. Children with 
congenital muscle weakness (congenital myopathy) are likely to have 
had severe respiratory impairment at birth that resulted in secondary 
anoxic injury to the brain. Because hypotonia is nonspecific with 
regard to localizing the site of nervous system dysfunction, the evalu- 
ation of the child with hypotonia must begin with a search for other 
clues that might identify the location of the abnormality. 


Is the Problem a Systemic Disorder? 


Systemic disorders are a common cause of generalized hypotonia in 
infants and even in toddlers and children (see Table 29.1). Hypotonia 
is commonly seen in association with sepsis and other infections, heart 
failure, failure to thrive, hypercalcemia, renal failure, hypothyroidism, 
acidosis, hypoxia, hyperammonemia, hypoglycemia, rickets, scurvy, 
amino and organic acid disorders, severe malnutrition, and other 
chronic disorders. This observation warrants a careful search for a 
systemic or metabolic abnormality in children with hypotonia, par- 
ticularly (but not exclusively) when the onset of hypotonia is acute 
(Fig. 29.11). Most of these disorders cause hypotonia by causing a 
disturbance of cerebral cortex function. 

Frequently overlooked causes of hypotonia are those that are not 
traditionally considered neurologic disorders. Connective tissue dis- 
orders often produce a clinical picture similar to those of neurologic 
causes of hypotonia in infancy and early childhood, with associated 
delay of developmental milestones with joint hyperextensibility dis- 
proportionate to the extent of weakness and in the absence of other 
neurologic abnormalities or microcephaly (velocardiofacial syndrome, 
achondroplasia, Marfan syndrome, Ehlers-Danlos syndrome). In 
several congenital disorders, hypotonia is a regular feature as a result 
of a combination of abnormalities of neurologic, muscle, and connec- 
tive tissue function, including Sotos syndrome, Prader-Willi syndrome, 
Angelman syndrome, Noonan syndrome, Rett syndrome, and Smith- 
Lemli—Opitz syndrome. 


Diagnostic Considerations 


Any child with hypotonia and weakness should be evaluated for a 
systemic disorder. Laboratory evaluation, such as electrolyte measure- 
ments, renal function tests, thyroid function tests, and acid-base 
balance assessment, should be considered. Laboratory evaluation 
should also be considered for uncommon metabolic disorders in chil- 
dren with chronic hypotonia, especially those with other neurologic 
findings and those with recurrent bouts of lethargy, episodic severe 
hypotonia, vomiting, or acidosis. Appropriate metabolic screening tests 
include plasma and urine amino acid quantification, urine organic 
acid quantification, and measurements of blood ammonia, blood 
lactate, and pyruvate. 

Karyotyping and a chromosomal microarray should be done for 
any hypotonic child who additionally demonstrates microcephaly, 
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Static or 
progressive 
weakness 


Obtain 
EMG, CK 


CK normal to 
markedly elevated, 
EMG myopathic 


Congenital Muscle 
muscular 


dystrophy 


Male, markedly 
elevated CK (10-50x normal), 


enlarged calves, Gower 
2 : Muscle biopsy 
ronn miam er emg inflammatory 
or child or teenager 


dystrophy 


DMD deletion/duplication 
analysis with reflexive 
sequencing 


Dermatomyositis 


Limb-girdle muscular 
dystrophy, congenital 
muscular dystrophy 


CK nl/mild abnl, 
EMG myopathic 


Muscle biopsy 
myopathic, dystrophin 
normal 


Duchenne Becker muscular Polymyositis, if Evaluate Mitochondrial 
muscular dystrophy older teenager distribution of myopathies 


weakness 


Are the hips, 
shoulders primarily 
involved? 


Natural course 
of weakness 
Decrement 

on 3Hz RNS 


Congenital 


Intermittent 
weakness 
Generalized 
weakness 
CK nl/mild abnl, Periodic 
EMG myotonic paralysis 


Myotonic 


myasthenic 
syndrome or 
autoimmune 


Exercise 
intolerance, 
cramps 


myasthenia 


Carnitine palmitoyl- 
transferase 
deficiency 


Defects of 


dystrophy, carbohydrate 
paramyotonia, utilization 
myotonia 


congenita 


Cores, rods, 
central nuclei 
or CFTD on 
biopsy 


DMPK CTG 
repeat expansion, 
SCN4A, CLCN1 
gene testing, 
respectively 


Fascioscapular 
dystrophy 


FIGURE 29.10 Diagnostic approach to the child with muscle disease. abnl, abnormal; CFTD, congenital 
fiber type disproportion; CK, creatine kinase; CTG, cytosine-thymine-guanine; DMD, Duchenne muscular 
dystrophy; EMG, electromyography; nl, normal; RNS, repetitive nerve stimulation. 


growth retardation, congenital malformations, dysmorphism, global 
developmental delay, or features of specific disorders (Down or 
Prader—Willi syndromes). 

If unusual neurologic or dysmorphic features are present, specific 
disorders, such as Rett syndrome, Angelman syndrome, Prader-Willi 
syndrome, Noonan syndrome, Sotos syndrome, and fragile X syn- 
drome, must be considered. 


Common Disorders 


Down syndrome. The child with Down syndrome generally has 
recognizable features, including microcephaly, up-slanted palpebral 
fissures, epicanthal folds, flat nasal bridge, protuberant tongue, excess 
posterior nuchal skin, and simian palmar creases (see Chapter 25). 
Hypotonia and associated weakness are almost constant findings. As 
the child grows, the muscle strength generally improves, but the hypo- 
tonia persists. 

The diagnosis is established by karyotype analysis showing 
trisomy 21. 

Prader-Willi syndrome. Prader—Willi syndrome manifests in early 
infancy with marked hypotonia and virtually no other identifiable 
symptoms. As the child grows, the phenotypic features become 
more apparent, including microbrachycephaly, almond-shaped pal- 
pebrae, short stature, and small hands and feet. At 3-6 years of 
age, the child has a disorder of appetite that results in ravenous 
food-seeking behaviors, impaired satiety, and eventual marked obesity. 
Weakness associated with the disorder is most prominent in the 


neonate and older infant and gradually lessens, whereas the hypo- 
tonia persists. 

DNA methylation analysis (detects >99% of cases) is the only tech- 
nique that accounts for paternal deletion, maternal uniparental disomy, 
and imprinting defect. Seventy to 75% of affected children have dele- 
tion of chromosome 15q11-q13 of paternal origin, and 20-25% have 
maternal disomy. Because the clinical findings are nonspecific during 
the early months, such testing should be performed in any neonate or 
infant with hypotonia of unknown cause. 


Uncommon Disorders 


Metabolic disorders. Metabolic disorders that are associated with 

hypotonia include the following (see Tables 29.1, 29.11, and 29.12): 

° Amino acid and organic acid disorders 

° Lowe syndrome 

° Peroxisomal disorders (infantile Refsum syndrome, infantile adre- 
noleukodystrophy, Zellweger syndrome) 

° Acyl coenzyme A dehydrogenase deficiencies 

° Storage disorders (mannosidosis, Krabbe disease, sialuria, muco- 
lipidosis type IV, Tay-Sachs disease) 

Neurologic disorders. Neurologic disorders associated with hypo- 
tonia are often recognizable by unusual neurologic features: 

° Angelman syndrome: awkward gait, inappropriate laughter, and 
seizures. DNA methylation analysis reveals that ~80% have abnor- 
mal methylation in the maternally inherited 15q11.2-q13 locus, the 
same chromosome that is affected in Prader—Willi syndrome. 
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(See Nelson Textbook of Pediatrics, p. 610.) 
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Acute weakness, no 
seizures, no lethargy 


Yes 


Is there loss 
of sensation? 


No 


Decreased/nl 


Motor unit 
disease 


Increased 


Sensory level, 
paraparesis, bowel and 
bladder involvement 


Are reflexes 
absent? 


Pes cavus, hammer toes, 
distal symmetric 
weakness and sensory 
loss, +family history 


Weakness asymmetric, Muscle or CMT 


systemic illness, CSF neuromuscular 
pleocytosis junction disease 


Distal sensory loss, 


Infectious symmetric weakness, 
oliomyelitis, other facial weakness 
(p eae Is there ocular 
or bulbar 
involvement? 


Postinfectious 
polyneuropathy 
(Guillain-Barre), 
tick paralysis 


Proximal weakness, 
elevated CK 
Inflammatory 
myopathy 
Neuromuscular 
junction disorder: 
Botulism Myasthenia Organophosphate Spinal cord Epidural Transverse 
gravis poisoning tumor abscess myelitis 


FIGURE 29.11 Diagnostic approach to the child with acute weakness. CSF, cerebrospinal fluid; CK, creatine 
kinase; MRI, magnetic resonance imaging; nl, normal; CMT, Charcot-Marie—Tooth disease. 


° Rett syndrome: autism, loss of hand use, characteristic wringing Connective tissue disorders. Connective tissue disorders associ- 
hand movements ated with hypotonia, and particularly with joint hyperextensibility, can 
Congenital malformation syndromes. Congenital malformation also generally be recognized by their associated symptoms: 

syndromes are recognizable by their characteristic features: ° Stickler syndrome: micrognathia, Pierre Robin cleft palate 

° Sotos syndrome: macrocephaly, macrosomia, down-slanted palpe- ° Velocardiofacial syndrome: congenital heart disease, micrognathia, 
brae, mild ventriculomegaly hypocalcemia, T cell disorders, cleft palate 

° Noonan syndrome: short stature, down-slanted palpebrae, ear ° Achondroplasia: disproportionate short stature, risk of brainstem 
abnormalities, congenital heart disease, wide-spaced nipples and compression 
shield chest, pectus deformities ° Ehlers—Danlos syndrome: skin bruising and scarring, skin hyper- 


° Lowe syndrome: cataracts, aminoaciduria, hypotonia elasticity, smooth skin, joint hypermobility 
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e Marfan syndrome: tall stature, long, thin arms and fingers, ectopic 
lens, blue sclera, aortic dissection, mitral valve prolapse 
° Osteogenesis imperfecta: fractures 


Is the Problem in the Cerebrum or Cerebellum? 


Several clues suggest that hypotonia is caused by an abnormality of 

cerebral function. The presence of associated symptoms attributable 

to dysfunction of the cerebral cortex is the most useful: 

° Acute impairment of consciousness 

° Acute or chronic impairment of cognitive abilities (mental status 
examination or poor school grades, respectively) 

* Seizures 

Delayed language and social development are typical of chronic 
problems. The presence of microcephaly or macrocephaly is also an 
important clue. The presence of brisk reflexes, clonus, an asymmetric 
tonic neck response, and the Babinski sign suggests possible cerebral 
cortical dysfunction. The presence of dysmorphism or of congenital 
malformations suggests the possibility of a cerebral malformation. 
Congenital ocular malformations (e.g., microphthalmia or optic hypo- 
plasia) are frequently associated with congenital brain malformation. 

The presence of hypertonia mixed with signs of hypotonia strongly 
suggests a cerebral origin. This may seem paradoxical, but it is often 
overlooked that many children with cerebral causes of hypotonia have 
signs of hypertonia as well. This may occur as an evolutionary phe- 
nomenon in the development of spasticity; cerebral palsy is often 
characterized by hypotonia in infancy with later development of spas- 
ticity. In some children with cerebral dysfunction, the coexistence of 
hypotonia and hypertonia is persistent. Thus, an infant with hypotonia 
of the neck and trunk musculature who also exhibits scissoring of the 
lower extremities or persistent fisting of the hands (typical signs of 
hypertonia) can be presumed to have cerebral dysfunction. 

Signs of cerebellar dysfunction (ataxia, nystagmus, titubation, dys- 
metria, and impairment of coordination) are often useful diagnostic 
clues. The cerebellum helps maintain normal muscle tone, and diseases 
of the cerebellum typically are associated with some degree of 
hypotonia. 


TABLE 29.13 Spinal Cord Syndromes 
Site 


Complete—upper cord 
(above 110) 


Mechanism 


Space-occupying lesion 
Trauma 


Conus medullaris (T10—L2) Space-occupying lesion 


Trauma 


Cauda equina (below L2) Space-occupying lesion 
Tethered cord 


(?) Trauma 

Flexion-rotation force from anterior dislocation 
or compression fracture of vertebral body 
(+/— ischemia of anterior spinal artery) 


Anterior cord 


Central cord Hyperextension injury; tumor, hemorrhage, 


syringomyelia 


Hyperextension (fractures of posterior 
vertebra) 


Posterior cord 


Laceration (stabs), lateral space-occupying 
lesions: hemisection 


Brown-Séquard syndrome 


Is the Problem in the Spinal Cord? 


Classically, spinal cord dysfunction produces spastic weakness of all 4 
extremities or paraparesis of the lower extremities (Tables 29.13 to 
29.15). However, particularly after acute injury to the spinal cord and 
in some chronic disorders of the spinal cord, hypotonia may be the 
prominent motor sign. The typical associated findings of hyperreflexia, 
clonus, Babinski signs, and sensory loss (with a sensory level) are 
important clues, as is the disparity between the weakness and sensory 
impairment of the extremities in contrast to the normal strength and 
function of the head and neck. 

Spinal cord injury resulting from birth trauma is frequently over- 
looked as a cause of hypotonia in the newborn. A history of a lengthy 
or difficult (breech or vertex) delivery should suggest spinal cord 
injury, and care should be taken not to falsely attribute motor dysfunc- 
tion in these infants to anoxic brain injury. The bones of the cervical 
spine are normal, but MRI demonstrates the cord lesion. This diagnosis 
should never be missed because neurosurgical intervention is often 
required. To make matters more confusing, many neonates with spinal 
cord injuries also have anoxic encephalopathy because of the traumatic 
nature of the delivery. 

Finally, the extent to which the hypotonia of neonatal hypoxic- 
ischemic injury is caused by hypoxic injury to the spinal cord has not 
yet been fully elucidated. Any child with suspected spinal cord injury 
should undergo MRI. 


Common Disorders 


Meningomyelocele. Meningomyelocele is a congenital malforma- 
tion of the spine, spinal cord, and overlying meninges, that affects 1 in 
500 to 1 in 2000 liveborn infants, with some degree of geographic 
variation of incidence. The spinal defect is obvious at birth, except in 
milder abnormalities that are covered by skin. The degree to which the 
lower extremities are hypotonic and flaccid depends on the location of 
the spinal defect. The presence of an Arnold-Chiari malformation and 
associated hydrocephalus must be sought in every affected patient. 


Manifestation 


Flaccid symmetric weakness, paralysis, loss of sensation below lesion, 
areflexia (in spinal shock), reflexes return and are T after recovery from 
spinal shock, distended bladder, positive Babinski sign, positive Beevor sign 


x 


Symmetric weakness, paralysis, T knee deep tendon reflexes, T ankle deep 
tendon reflexes, positive Babinski sign, spastic bladder and sphincter 
disturbance 

Asymmetric weakness, loss of lower extremity deep tendon reflexes, sensory 
saddle perineum sensory loss, no Babinski sign, distended atonic bladder 
with urinary retention and overflow incontinence and decreased rectal tone 


Weakness and reduced pain and temperature sensation 


Flaccid weakness of arms (lower motor neuron lesion) with strong and spastic 
lower extremities (upper motor neuron lesion) 
Sacral sensation with bowel and bladder partially affected 


Significant ataxia (loss of proprioception); strength and pain and temperature 
sensations may be spared or less affected 

Strength, position, and vibration sensations are affected on the side of the 
lesion; pain and temperature sensation are affected on the contralateral side 


*Beevor sign, Superior displacement of umbilicus in paraplegia during attempts to lift shoulders off an examining table. 
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TABLE 29.14 Spinal Paraplegia 


Congenital Malformations 
1. Arachnoid cyst 
2. Arteriovenous malformations 
3. Atlantoaxial dislocation 
4. Caudal regression syndrome 
5. Dysraphic states 
a. Chiari malformations 
b. Myelomeningocele 
c. Tethered spinal cord 
6. Syringomyelia 


Familial Spastic Paraplegia 
1. Autosomal dominant 

2. Autosomal recessive 

3. X-linked recessive 


Infections—Inflammatory 
1. Diskitis 
2. Epidural abscess 


4. Herpes zoster myelitis 
5. Polyradiculoneuropathy 
6. luberculous osteomyelitis 


Neonatal Cord Infarction 
Transverse Myelitis 

1. Devic disease 

2. Encephalomyelitis 

3. Idiopathic 


Trauma 

1. Concussion 

2. Epidural hematoma 
3. Fracture-dislocation 
4. Neonatal cord trauma 


Tumors 

1. Astrocytoma 

2. Ependymoma 
3. Neuroblastoma 
4. Other 


Modified from Pina-Garza. Fenichel’s Clinical Pediatric Neurology: A 
Signs and Symptoms Approach. 7th ed. Philadelphia: Saunders; 2013. 


Patients with meningomyelocele have elevated amniotic fluid o- 
fetoprotein, and antenatal diagnosis is possible. 

Transverse myelitis. Transverse myelitis is a common cause of 
acute hypotonia and weakness. As with any spinal cord lesion, the 
localization is suggested by an identifiable motor-sensory level and by 
impairment of bowel and bladder function. Reflexes are characteristi- 
cally depressed at the onset of the disease and then become exaggerated 
with clonus and Babinski signs. The diagnosis is made with MRI and 
lumbar puncture; signal intensity of the cord segment involved is 
abnormal on MRI, and mild pleocytosis and elevated cerebrospinal 
fluid protein levels are present. 


Uncommon Disorders 


An epidural spinal abscess may manifest in a manner similar to trans- 
verse myelitis, except with more back pain and local tenderness. Spinal 
cord tumor (primary or metastatic) usually manifests with subacute 
onset of spastic weakness of the extremities but occasionally manifests 


TABLE 29.15 Motor Involvement in Spinal 
Cord Lesions 


Affected Cord 
Segment 


C1-C4 


Motor Involvement 


Paralysis of neck, diaphragm, intercostal muscles, and 
all 4 extremities 


C5 Spastic paralysis of trunk, arms, and legs; partial 
shoulder control 


Spastic paralysis of trunk and legs; upper arm control: 
partial lower arm control 


C8 Spastic paralysis of trunk and legs; hand weakness 
only 


T1-110 

111-112 
L1-S1 Flaccid paralysis of legs 
S2—S5 


Spastic paralysis of trunk and legs 
Spastic paralysis of legs 


Flaccid paralysis of lower legs; bowel, bladder, and 
sexual function affected 


From Swartz MH. Textbook of Physical Diagnosis: History and 
Examination. 2nd ed. Philadelphia: WB Saunders; 1994:496; modified 
from Fenichel GM. Clinical Pediatric Neurology: A Signs and 
Symptoms Approach. 2nd ed. Philadelphia: WB Saunders; 1993:262. 


as hypotonia (see Table 29.13). Rapid diagnosis with MRI and medical 
or neurosurgical intervention is essential. 


Is the Problem in the Motor Unit? 


The functional unit of the anterior horn cell, peripheral nerve, NMJ, 
and muscle fiber makes up the motor unit. Disorders that affect the 
motor unit produce a common clinical picture characterized by pres- 
ervation of cognitive function and alertness, absence of seizures, char- 
acteristically diminished or absent muscle stretch reflexes, and 
hypotonia. Muscle atrophy is frequently associated with motor unit 
disorders, but it can also occur in cerebral causes of hypotonia. 

It is not always easy to determine which component of the motor 
unit is abnormal (anterior horn cell, peripheral nerve, NMJ, or muscle), 
but the following guidelines are useful. 

Anterior horn cell disease is suggested by hypotonia, weakness, 
absence of reflexes, and fasciculations. The presence of fasciculations 
of muscle usually cannot be appreciated in infants because of the pres- 
ence of subcutaneous fat. Fasciculations might be seen on the tongue, 
but they must be distinguished from normal quivering movements. 
Muscle enzymes are usually normal but can sometimes be mildly to 
moderately elevated, and nerve conduction studies are usually normal 
(Table 29.16). The electromyogram (EMG) may demonstrate fibrilla- 
tions and large motor unit potentials that are reduced in number. 


Diagnostic Considerations 


The patient is examined for distribution of weakness, reflexes, and the 
presence of tongue fasciculations. Creatine kinase (CK) levels and an 
EMG are obtained, and a lumbar puncture is performed when an acute 
infectious polyradiculoneuritis is suspected. 


Common Disorders 


Anterior horn cell disease. Spinal muscular atrophy (SMA) is 
characterized by degeneration of anterior horn cells in the spinal cord 
(Table 29.17). SMA type I (Werdnig—Hoffman disease) is the prototype 
for the spinal muscular atrophies and is inherited as an autosomal 
recessive trait. Manifestations begin early in life and even occasionally 
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TABLE 29.16 Typical Electrophysiologic Features of Nerve and Muscle Diseases 


Motor Nerve Sensory Nerve 


Conductions Conductions 
Myopathy (dystrophic, Normal Normal 
inflammatory) 
Myopathic Normal Normal 
(mitochondrial, 
congenital 
myopathy) 
Axonal neuropathy e | Amplitude J Amplitude 
e Normal or mildly 
slow conduction 
velocities 
Demyelinating e Markedly slow e Prolonged latencies 
neuropathy conduction velocities e J Amplitude or no 
e Prolonged latencies response 
e J or normal amplitude 
Radiculopathy Normal or J amplitude Normal 
Motor neuron disease Normal or J amplitude Normal 


in the prenatal period (e.g., decreased fetal movements, congenital 
contractures, polyhydramnios caused by poor swallowing, poor respi- 
ratory effort at birth). Neonates and young infants experience progres- 
sive weakness and hypotonia, which result in poor head and body 
control and a flaccid, motionless, extended posture with alert facies 
(see Fig. 29.4). Fasciculations may be noted in the tongue, over muscles 
with little subcutaneous fat, and as a fine tremor of the outstretched 
fingers. Bilateral paralysis of the diaphragm may be present before loss 
of deep tendon reflexes or detection of muscle weakness. 

Genetic analysis shows that 95-98% of individuals have a homozy- 
gous deletion of survival motor neuron 1 (SMN1) gene, but 2-5% are 
compound heterozygotes for a deletion coupled with a point mutation 
in SMN1. If SMNI mutations are confirmed, then a reflexive SMN2 
copy number analysis should be performed to help prognosticate since 
more copies of SMN2 gene confer a milder phenotype (see Table 29.17). 
The SMN2 gene differs from SMNI by 1 nucleotide base pair in exon 
7 and 90% of the time expresses a nonviable gene product but 10% of 
the time accidentally expresses a functional SMN1 protein. If genetic 


F Response 
Normal 


Normal 


Normal 


Delayed or absent 


Delayed or absent 


Normal 


H Reflex 


Normal e Spontaneous activity: fibrillation 
potentials and positive sharp 
waves (muscle membrane 
irritability) 

e Volitional activity: small-amplitude 
myopathic units 


Needle Electromyography 


Normal e Spontaneous activity: usually none 
e Volitional activity: small-amplitude, 
short-duration units with rapid 
recruitment 


Normal e Spontaneous activity: fibrillation 
potentials and positive sharp 
waves (muscle membrane 
irritability) especially in distal 
muscles 

e Volitional activity: large-amplitude, 
long-duration units with reduced 
recruitment 


Delayed or absent © Spontaneous activity: usually none 
e Volitional activity: large-amplitude, 
long-duration units with reduced 
recruitment 


Delayed or absent © Spontaneous activity: fibrillation 
if S1 is involved potentials and positive sharp 
waves (muscle membrane 
irritability); fasciculations 
e Volitional activity: large-amplitude, 
long-duration units with reduced 
recruitment 


Normal e Spontaneous activity: fibrillation 
potentials and positive sharp 
waves (muscle membrane 
irritability); fasciculations 

e Volitional activity: large-amplitude, 
long-duration units with reduced 
recruitment 


test results are positive, no further evaluation is necessary. If mutation 
tests are negative, a more traditional evaluation—including serum CK 
levels, EMG, muscle and brain MRI, and muscle biopsy—is pursued. 

Neuropathies. Neuropathies are characterized by hypotonia, 
weakness, and diminished or absent reflexes (Tables 29.18 and 29.19). 
Neuropathies may be primarily motor or sensory, and the child’s 
symptoms may be either acute or chronic weakness or discomfort 
caused by paresthesias and dysesthesias. The pattern of weakness in 
most neuropathies is in a distal-to-proximal gradient with foot defor- 
mity and atrophy resulting in pes cavus and hammer toe deformities. 
Pes planus may be a common feature in a neuropathy during infancy 
or early childhood due to low tone with high-arched feet developing 
as the patient ages. In chronic sensory neuropathies, the child may 
sustain injuries (e.g., burns or even fractures) that are unnoticed. Auto- 
nomic symptoms associated with some neuropathies include ortho- 
static hypotension, gastrointestinal dysmotility, and abnormalities of 
sweating. In general, the reflexes in neuropathies are diminished dis- 
proportionately to the extent of muscle weakness; that is, the reflexes 
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TABLE 29.17 Spinal Muscular Atrophy (SMA): Clinical and Genetic Characteristics 


Natural Age 
of Death 


2—6 mo 


Phenotype 
SMA 0 


Age of Onset 
Prenatal 


SMA | (Werdnig— 
Hoffman) 


Usually <2 yr, 
but may 
survive 
longer 


70% alive at 
age 25 yr 


SMA III (Kugelberg— 
Welander) 


>12 mo Normal 


SMA IV 2nd or 3rd decade Normal 


may be markedly reduced or absent, whereas the muscle strength is 
only mildly diminished. Nerve conduction studies (NCS) and EMGs 
demonstrate slowing of nerve conduction velocities and features that 
suggest either primary axonal involvement (fibrillations, normal or 
mildly slow nerve conduction velocity) or demyelination (marked 
slowing of nerve conduction velocity) (see Table 29.16). 
Guillain-Barré syndrome (GBS) is an acute demyelinating poly- 
neuropathy that frequently follows an upper respiratory tract infection 
or an illness with diarrhea, especially those caused by Campylobacter. 
The disorder is characterized by ascending motor weakness and are- 
flexia. The weakness is usually symmetric, ascends and progresses over 
various periods (usually 1-2 weeks), and may cause serious respiratory 
compromise by producing weakness of the respiratory muscles. There- 
fore, all patients must be tested for respiratory function (negative 
inspiratory forces and vital capacity). Children complain of difficulty 
walking, rising from the floor, climbing stairs, and become irritable and 
refuse to bear weight. More commonly than adults, children present 
with acute-onset ataxia with multiple falls and poor balance stemming 
from sensory disturbance with milder weakness. Children often have 
more paresthesias and discomfort than their adult counterparts with 
neck, back, leg, and buttock pain in at least 50% of cases, presumably 
mimicking a radiculopathy due to nerve root inflammation. The triad 
of ophthalmoplegia, areflexia, and ataxia without overt weakness 
characterizes Miller—Fisher syndrome (MES), a variant of GBS. Auto- 
nomic nervous system involvement may produce hypotension or 
hypertension and bradyarrhythmias or tachyarrhythmias. Therefore, 
due to the risk of respiratory and autonomic dysfunction, all patients 
suspected of having GBS should be monitored in the intensive care 
unit or other telemetry setting with high-frequency nursing care. In 
addition to an abnormal nerve conduction velocity, the cerebrospinal 
fluid protein level is usually elevated out of proportion to the white 
cell count (cytoalbuminologic dissociation) after the Ist week of 
illness, indicative of an inflammatory process occurring within the CSF 
space. Postgadolintum enhancement of edematous nerve roots and 


Highest Motor 
Milestones 


None achieved 


sitting with support 


Independent sitting 
when placed 


Independent 
ambulation 


Walking during 
adulthood 


SMN2 Copy 


Other Findings Number 


Arthrogryposis 

Facial diplegia 

Decreased fetal movements 
Polyhydramnios 

Breech presentation 

Respiratory failure in early infancy 


Prominent tongue fasciculations 
Mild joint contractures 

Facial weakness 

Poor suck and swallow 

small bell-shaped chest 
Paradoxical breathing 


Legs more affected than arms, with failure to 2; sometimes 3 
sit alone by 9—12 mo and stand by 1 yr 
Postural hand/finger tremor 


Lose ability to sit independently by mid-teens 


Legs more affected than arms, manifesting 
as difficulty walking 
Distal then proximal contractures 


May lose ambulation with time 


peripheral nerves as seen on MRI in the cervical and lumbosacral 
regions can be seen in ~95% of children with GBS and is suggestive, 
although not specific for, the disease. 

Dejerine-Sottas syndrome (DSS) is an umbrella term for severe, 
infantile-onset Charcot—Marie—Tooth (CMT) disease regardless of 
inheritance pattern manifesting with hypotonia. Patients exhibit 
moderate-to-severe motor delays, foot deformities with pes cavus and 
hammer toes, claw-hand deformities, respiratory insufficiency, and 
early-onset scoliosis that may need surgical correction. Nerve biopsy 
shows axons without evidence of myelination and onion-bulb forma- 
tion. Nerve dysfunction may be axonal or demyelinating and inheri- 
tance may be autosomal recessive or autosomal dominant. Mutations 
in the following genes are associated with the DSS phenotype: MPZ, 
EGR2, PMP22, PRX, NEFL, MFN2, and GDAP1. 

Muscle and neuromuscular junction disorders. NMJ disorders 
must be differentiated from muscle diseases. Both are characterized by 
hypotonia and weakness; however, reflexes may be impaired in myopa- 
thies but are usually preserved in NMJ disorders. In myopathies, the 
degree of muscle weakness is usually more pronounced than the extent 
of loss of reflexes, just the reverse of the case observed in neuropathies. 
Disorders of the NMJ are identifiable by a history of diurnal fluctua- 
tions (worse symptoms later in the day) and acute episodes of worsen- 
ing. In NMJ disorders and most myopathies, weakness is most 
prominent in the proximal muscles and the sensory examination is 
normal. Laboratory testing and studies performed show a normal CK 
level and normal motor and sensory nerve conduction velocities, but 
a decrementing response to 3-Hz repetitive nerve stimulation in NMJ 
disorders (Fig. 29.12). The needle EMG may be normal or appear 
myopathic if the NMJ disorder is severe, resulting in static weakness. 

Myopathies. Duchenne and Becker muscular dystrophy (DMD 
and BMD) are X-linked recessive disorders caused by mutations in the 
DMD gene encoding dystrophin. DMD is characterized by the absence 
of dystrophin in muscle, whereas BMD has a partially functional 
protein product. The genetic difference between the 2 phenotypes is 
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TABLE 29.19 Polyneuropathies with Onset in Infancy 
AXONAL NEUROPATHIES 


Salient Clinical Feature 
Pes cavus with foot drop 
Optic atrophy 


Ophthalmoparesis 


Skeletal abnormalities 
Arthrogryposis 


Congenital fractures 


Vocal cord paresis 


Early infantile respiratory 
failure 


Predominant motor involvement 


Kinky hair hepatopathy 


Cardiomyopathy 


CNS involvement 


Clinical Phenotype 
CMT2E 


CMT2A 
CMT4A 
IOSCA 
Infantile neuroaxonal dystrophy 


Mitochondrial disorders 


CMT2C, SPSMA, congenital dSMA 


Congenital dSMA 

SMARD1 

X-linked SMA 

Pontocerebellar hypoplasia type 1 
SMA with congenital fractures 


X-linked SMA 
SMA with congenital fractures 


CMTZA 

CMT2C, SPSMA, congenital dSMA 
CMT4A 

BVVL/Fazio—Londe disease 


SMA] 

SMARD1 

X-linked SMA 

Pontocerebellar hypoplasia type 1 

SMA with congenital fractures 

Lethal neonatal AR axonal 
sensorimotor polyneuropathy 

Congenital axonal neuropathy with 
encephalopathy 


Congenital (SMA, SPSMA 

SMAI 

X-linked SMA 

Pontocerebellar hypoplasia type 1 
SMA with congenital fractures 
Mitochondrial disorders 


Giant axonal neuropathy 
Mitochondrial disorders 


MTP/LCHAD deficiency 
Mitochondrial disorders 


MTP/LCHAD deficiency 


Pontocerebellar hypoplasia type 1 
Giant axonal neuropathy 
Infantile neuroaxonal dystrophy 
HMSN/ACC 

IOSCA 

CMIX1 

Mitochondrial disorders 


Adrenoleukodystrophy 


Gene 
NEFL 


MFN2 
GDAP1 
C10orf2 
PLA2G6 


SC0D2 
C10orf2 
TK2 


TRPV4 


TRPV4 

IGHMBP2 

UBE1 

EXOSC3, VAKT. TSEN54, RARS2Z 
Unknown 


UBE1 
Unknown 


MFN2 
TRPV4 
GDAP1 
SLC52A3 


SMN1 

IGHMBP2 

UBE1 

EXOSC3, VAK1, TSEN54, RARS2 
Unknown 

Unknown 


Unknown 


TRPV4 

SMN1 

UBE1 

EXOSC3, VAKT TSEN54, RARS2Z 
Unknown 

SCOZ TKZ 


GAN 

DGUOK 
C10orf2 
HADHA/HADHB 


SCO2 

TK2 

DGUOK 
HADHA/HADHB 


EXOSC3, VRK1, TSEN54, RARS2 
GAN 

PLA2G6 

KOLS 

C10orf2 

GJB1 

S0 

TK2 

DGUOK 

ABCD1 


Mode of Inheritance 
AD, AR 


AD, AR 
AR 
AR 
AR 


AR 


AD 


AD 

AR 

X-linked 

AR 

Unknown, presumed AR 
X-linked 

Unknown, presumed AR 
AD, AR 

AD 

AR 

AR 


AR 

AR 

X-linked 

AR 

Unknown, presumed AR 
AR 


Unknown, presumed AR 


AD 

AR 

X-linked 

AR 

Unknown, presumed AR 
AR 


AR 
AR 


AR 


AR 
AR 
AR 
AR 


AR 
AR 
AR 
AR 
AR 
X-linked 
AR 
AR 
AR 
X-linked 


CHAPTER 29 Hypotonia, Weakness, and Stroke 


TABLE 29.19 Polyneuropathies with Onset in Infancy—cont’d 
AXONAL NEUROPATHIES 


Salient Clinical Feature Clinical Phenotype Gene Mode of Inheritance 
Developmental regression Adrenoleukodystrophy ABCD 1 X-linked 
Dysautonomia, chronic skin HSAN III (Riley—Day syndrome) IKBKAP AR 

ulceration 

DEMYELINATING NEUROPATHIES 

Acute sensory ataxia, walking GBS 

difficulties in a previously 

well child 
Slowly progressive weakness, CIDP 

ataxia in a previously well 

child; responsive to steroids 
Developmental regression MLD ARSA AR 

Krabbe disease GALC AR 

Irritable, stiff, crying infant; Krabbe disease GALC AR 


occasional unexplained 


fevers 
Pes cavus with foot drop, CMT1A PMP22 point mutations or duplication De novo (AD), AR 
marked difficulties walking CMT1B MPZ De novo (AD) 
CMT1F NEFL AD, AR 
CMT4C Ə/ 13/62 AR 
CMT4E EGR2 AR, AD 
CMT4F PRX AR 
CMT4H FGD4 AR 
Early respiratory insufficiency CMT1A PMP22 point mutations or duplication De novo (AD), AR 
CMT1B MPZ De novo (AD) 
CMT4C S 162 AR 
CMT4E EGR2 AR, AD 
severe scoliosis requiring CMT1B MPZ De novo (AD) 
Surgery in infancy CMT4C STC AR 
Facial weakness CMT4B1 MIMR2 AR 
CMT4B2 SEZ AR 
CMT4C SH3TC2 AR 
sensorineural hearing loss CMT1A PMP22 point mutations or duplication De novo (AD), AR 
CMT4C MoI AR 
CMT4F PRX AR 
Congenital nystagmus CMT1B MPZ De novo (AD) 
CMT4C SHOTCZ AR 


AD, autosomal dominant; AR, autosomal recessive; BVVL, Brown-Vialetto-Van Laere syndrome; CMT, Charcot-Marie—Tooth disease; CIDP, 
chronic inflammatory demyelinating polyneuropathy; CNS, central nervous system; dSMA, distal spinal muscular atrophy; GBS, Guillain-Barré 
syndrome HMSN/ACC, hereditary motor and sensory neuropathy with agenesis of the corpus callosum; HSAN, hereditary sensory and 
autonomic neuropathy; IOSCA, infantile-onset spinocerebellar ataxia; MLD, metachromatic leukodystrophy; MTP/LCHAD, mitochondrial 
trifunctional protein/long-chain 3-hydroxyacyl-CoA dehydrogenase; SMA, spinal muscular atrophy; SMARD, spinal muscular atrophy with 
respiratory distress type 1; SPSMA, scapuloperoneal spinal muscular atrophy. 


TABLE 29.20 Distribution of 
DMD Mutations 


Deletions 


based on the concept of the “reading frame rule,” in which mutations 
that cause DMD are “out-of-frame” resulting in a premature termina- 
tion of translation with subsequent degradation, while mutations that 
cause BMD are “in-frame” due to a partly functional, albeit truncated, 
protein. The distribution of DMD mutations is described in Table 
29.20. Using Fig. 29.13, one can easily determine if a deletion or dupli- 
cation results in an in-frame or out-of-frame mutation. 

Some boys have mild delays in their motor and/or cognitive mile- 
stones, but most have normal early milestones and do not come to 
clinical attention until 2-5 years of age when they are noted to be 


Duplications 


Single-point mutations 


Small insertions/deletions 
Splice site or intronic mutations 


DMD, Duchenne muscular dystrophy. 
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FIGURE 29.12 Repetitive nerve stimulation (RNS) at a rate of 3 Hz in a 15-year-old female with ptosis and 
generalized weakness diagnosed with seropositive myasthenia. RNS of a clinically strong muscle, the abduc- 
tor digiti minimi, shows no decremental response (A); however, when performed on a clinically weak muscle, 
the trapezius, a decremental response of 44% between the 1st and 5th responses (B) is seen. 


slower in walking or running, rising from the floor, or climbing stairs 
compared to their peers. The classic maneuver employed to rise from 
the floor is a Gower sign, indicative of proximal hip extensor weakness 
and is typically seen by 3 years of age (Fig. 29.14). The characteristic 
toe-walk with Trendelenburg gait (waddling) in a hyperlordotic boy 
with enlarged calves is usually seen by 5-6 years of age. Early in the 
disease, there is usually calf pseudohypertrophy because of a prolifera- 
tion of fat and collagen and even some muscle hypertrophy giving a 
herculean appearance in a small subset of patients. However, atrophy 
of all muscles occurs with age. Language and cognitive abnormalities 
are seen in many patients. 

With time, proximal muscle weakness makes ambulation difficult, 
and the patient requires a wheelchair. With the standard use of steroids, 
the age of wheelchair dependence ranges between 9-14 years. Respira- 
tory muscle failure develops by late adolescence. The pulmonary insuf- 
ficiency may be aggravated by thoracic kyphoscoliosis. Another 
possible complication is cardiomyopathy. Most affected patients die by 
25-35 years of age. 

BMD has marked clinical heterogeneity with a variable age of onset 
ranging from childhood to adulthood. These patients also have calf 
pseudohypertrophy and eventually exhibit a Gower maneuver with 
variable degrees of proximal muscle weakness. Other phenotypes in 


BMD include isolated quadriceps weakness, childhood cramps-myalgia 
syndrome, exercise-induced myoglobinuria, and asymptomatic ele- 
vated CK levels (rare). Childhood-onset weakness typically results in 
loss of ambulation in the 3rd or 4th decade. Cognition is usually 
normal but cardiomyopathy occurs frequently in this population and 
rarely may be the heralding symptom. 

The diagnoses of DMD and BMD is suspected from the history 
(including the family history), physical examination findings, and 
an elevated serum CK (often 10,000-30,000 IU/L). Genetic testing 
via DMD deletion/duplication with reflexive sequencing analy- 
sis confirms the diagnosis. Although muscle biopsy is no longer 
necessary in DMD, it may still be useful in certain cases of BMD 
(Fig. 29.15). 

Myotonic dystrophy is a common muscle disorder of childhood 
that is distinct in that it causes primarily a distal distribution of muscle 
weakness and is associated with myotonia, a phenomenon character- 
ized by persistent muscular contraction with apparent delay in relax- 
ation of muscles. A child with myotonia has difficulty releasing a ball 
after gripping it tightly or letting go of a doorknob. Myotonia usually 
is present by age 10 years, but significant distal muscle weakness is 
not usually evident until the end of the 2nd decade. In congenital 
myotonic dystrophy, the newborn infant has severe generalized 
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FIGURE 29.13 An exon schematic diagram of the DMD gene used to determine the impact of deletions 
or duplications on the reading frame. The DMD gene has 79 exons. Exons colored in purple represent regions 
of “hot spots” in which a high frequency of mutations occurs across the general population. The primary 
hot spot is exons 45-55 and the secondary is 2-20. If all 3 base pairs of a codon end within an exon, then a 
vertical border is used to depict the exon. If either 1 or 2 base pairs of a codon are located in the next exon, 
then an angled border is drawn. Therefore, a deletion/duplication of a particular exon or exons may result in 
alteration of the reading frame. For example, deletion of exon 50 results in an out-of-frame mutation because 
the right-sided “edge” of exon 49 does not align the left-sided “edge” of 51, whereas a deletion of both 
exons 50 and 51 results in an in-frame mutation because the right “edge” of exon 49 aligns the left “edge” 


of 52. 


hypotonia and weakness, often with swallowing and sucking difficulty, 
facial diplegia, a down-turned tented mouth, moderate-to-severe intel- 
lectual disability, and congenital joint contractures (talipes equin- 
ovarus, arthrogryposis) (Fig. 29.16). Usually there is a history of 
polyhydramnios and reduced fetal movements in utero. 

This is a slowly progressive disorder with multisystemic involve- 
ment, including the development of cataracts, premature male-pattern 
baldness, facial muscle atrophy resulting in a “hatchet face” appear- 
ance, cervical kyphosis, cardiac arrhythmias, diabetes, pilomatrixo- 
mata, increased risk of thyroid cancer, thyroid dysfunction, 
gastrointestinal dysmotility, and testicular atrophy. EMGs in children 
reveal the characteristic myotonic discharge (“dive bomber”) but an 
EMG in the neonatal period may not show this characteristic finding. 
Gene testing demonstrating the cytosine-thymine-guanine (CTG) tri- 
nucleotide repeat expansion in the DMPK gene of chromosome 
19q13.3 establishes the diagnosis. 

Congenital myopathies are a genetically and clinically heteroge- 
neous category of myopathies (see Table 29.8). This category of myop- 
athy has characteristic muscle biopsy findings that may guide in 


narrowing the genetic differential diagnosis. Specific muscle patho- 
logic features are distinguished by the presence of cores, nemaline rods, 
central nuclei, or congenital fiber type disproportion (CFTD) (Fig. 
29.17). Centrally placed nuclei are usually large in relation to the 
myofiber, present in a disproportionate number of fibers, and may be 
centrally placed along the length of the fiber. Cores are areas devoid 
of oxidative enzyme activity, best seen on oxidative stains such as nico- 
tinamide adenine dinucleotide or ATPase. Nemaline rods are red, 
purple, or blue inclusions best seen on Gomori trichrome stain and 
vary per fiber, by fiber type, and in their distribution within the myo- 
fiber. CFTD refers to the relative atrophy of type 1 fibers by 35-40% 
compared to type 2 fibers in the absence of other structural changes 
such as rods, cores, and central nucleation. 

Neuromuscular junction disorders. Myasthenia gravis is caused by 
the presence of antiacetylcholine receptor antibodies that produce a 
neuromuscular blockade at the level of the NMJ. 

Transient neonatal myasthenia is caused by transplacental transfer 
of antiacetylcholine receptor antibodies in infants born to mothers 
with this disease. These patients usually demonstrate generalized 
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FIGURE 29.14 The Gower maneuver in a 7-year-old boy with Duch- 
enne muscular dystrophy: the sequence of postures used in getting up 
from the ground. 1, Lying prone. 2-4, Getting onto the hands and knees. 
5-6, Legs and arms extended and legs brought as close as possible to 
the arms. 7, Hand placed on the knee. 8, Both hands on the knees, 
knees extended. 9, Hands moving alternately up the thighs, “climbing 
up himself.” 10, Erect posture. 


hypotonia and difficulty feeding a few hours after birth. Otherwise, 
they are alert, and pupils are reactive. Complete recovery in 4-6 weeks 
is the rule. Anticholinesterase therapy may be needed for a few days to 
a few weeks after birth. 

Infantile (autoimmune) myasthenia is less common than tran- 
sient neonatal myasthenia. Symptoms include acute-onset ophthalmo- 
paresis, ptosis, and respiratory and feeding difficulties in a previously 
healthy infant with worsening symptoms later in the day. Demonstrat- 
ing a decrementing response on repetitive nerve stimulation and a 
good response to a short course of steroids makes the diagnosis. Child- 
hood autoimmune myasthenia has a high rate of seronegativity (36- 
50%), higher rates of pure ocular form, higher remission rates, and 
affects males and females equally. Distinguishing between autoim- 
mune and genetic forms of myasthenia can be challenging in the 
infant. Treatment includes long-acting cholinesterase inhibitors such 
as pyridostigmine. Prednisone is useful because of the autoimmune 
nature of the disease. 

Congenital myasthenic syndrome is a rare set of disorders stem- 
ming from many genetic defects causing either defective release of 
acetylcholine (presynaptic), lack of acetylcholinesterase or abnormal 
clustering of acetylcholine receptors (synaptic), or abnormal acetyl- 
choline receptor response (postsynaptic). Clinically, all congenital 
myasthenic syndromes are seronegative for acetylcholine receptor anti- 
bodies and can manifest ophthalmoparesis, ptosis, and feeding and 
respiratory difficulties, making them indistinguishable from the auto- 
immune variety (Fig. 29.18). 

Infantile botulism is caused by the germination of Clostridium 
botulinum organisms in the infants gastrointestinal tract with local 
endogenous toxin production. Toxin is absorbed into the circulation 
and eventually inhibits the release of neuronal acetylcholine in the 
peripheral nervous system. 

Infantile botulism is common between the ages of 2 and 6 months 
of life; many affected infants are breast-fed and may have a prior 
history of constipation. The sources of C. botulinum include honey, 
corn syrup, soil, and dust. Manifestations include lack of fever, poor 
feeding (poor sucking and swallowing), constipation, a weak cry and 
smile, hypotonia, ptosis, mydriasis, ileus, bladder atony, and hypotonia 
(see Table 29.9). Respiratory arrest and inappropriate antidiuretic 
hormone secretion may ensue. There is a descending paralysis, as 
symptoms are usually first noted in the face and bulbar region. 

Food-borne botulism is manifested after ingestion of preformed 
toxin in poorly canned foods. Affected children have nausea and vom- 
iting with dilated pupils, diplopia, dysphagia, dysarthria, dry mouth, 
and hypotonia. 

The diagnosis of infant botulism is confirmed by recovery of the 
organism or the toxin from stool, blood, or food. 


STROKE IN CHILDHOOD 


Stroke is among the top 10 causes of death in childhood. The sequelae 

are not trivial. In addition to lasting lateralized weakness, learning dis- 

abilities, disturbances of language, visual deficits, and seizures may 
persist. 

Brain injury resulting from stroke occurs in 1 of 2 general 
forms: 

1. Ischemia consists of inadequate brain or spinal cord perfusion with 
consequent lack of oxygen or other blood-delivered substances nec- 
essary for normal metabolic function. 

2. Hemorrhage occurs when blood is released into the extravascular 
cranial space. In this circumstance, focal injury of brain or spinal 
tissue occurs as a result of pressure exerted by the space-occupying 
mass of blood. 
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(See Nelson Textbook of Pediatrics, p. 2925.) 
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FIGURE 29.15 Muscle biopsy in Duchenne muscular dystrophy (DMD) showing prominent dystrophic 
changes consisting of fiber size variation, thick endomysial (around each myofiber) and perimysial connective 
tissue, increased internal nucleation, and fatty replacement of muscle tissue on hematoxylin and eosin (H&E) 
(A). Higher magnification on H&E (B) shows mild inflammation consisting of myophagocytes consuming 
degenerating muscle fibers (arrows) and hypercontracted fibers (yellow asterisks). Dystrophin immunohis- 
tochemistry demonstrates the normal staining pattern outlining the sarcolemma (C) in normal muscle, 
whereas the absence of staining in nearly all the fibers is seen in a DMD patient (D). A few fibers within 
the muscle, called “revertant fibers” may have their reading frame spontaneously restored, thus enabling 
them to express dystrophin (red asterisk). (Courtesy Michael Lawlor, MD, PhD, Medical College of Wiscon- 


sin, Milwaukee, VWI.) 


Ischemic injury of the brain occurs as a result of 1 of the 3 mecha- 
nisms: embolism, thrombosis, or global cerebral hypoperfusion. 

Embolic damage to the brain occurs when material formed at a site 
in the vascular system proximal to the brain lodges in a blood vessel, 
thus blocking cerebral perfusion. Emboli originate most commonly 
from the heart, arising from a thrombus on cardiac chamber walls or 
from vegetation on valve leaflets. Artery-to-artery emboli are com- 
posed of clot or platelet aggregates that originate in vessels proximal 
to the brain but ultimately come to rest and occlude flow in vessels 
critical for cerebral perfusion. Systemic vein-to-cerebral artery emboli 
(paradoxical emboli) are possible in the presence of right-to-left shunts 
with cyanotic congenital heart disease or a patent foramen ovale. 

Thrombosis denotes vascular occlusion caused by a localized 
process within a blood vessel or vessels. Although atherosclerosis 
underlies most thrombotic processes affecting adults, it is not common 


in children. Localized luminal clot formation occurs in polycythemia 
or in a hypercoagulable state. Alternatively, anatomic abnormalities 
may lead to clot formation or mechanical obstruction as is found in 
fibromuscular dysplasia, arteritis (vasculitis), or arterial dissection. 
Global cerebral hypoperfusion due to cardiac pump failure 
(resulting from congenital heart disease or its surgical repair) and 
systemic hypotension resulting from hypovolemia represent common 
causes of hypotensive cerebral ischemic injury. With diminished cere- 
bral perfusion, brain injury is more diffuse than the more focal injuries 
characteristic of thrombotic and embolic cerebral events. 
Intracranial hemorrhage arises in 1 of 2 neuropathologic 
patterns: 
1. Subarachnoid hemorrhage (SAH) occurs when blood flows from 
the intracranial vascular bed and onto the surface of the brain to 
mix with cerebrospinal fluid in the subarachnoid space. The most 
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FIGURE 29.16 A 6-year-old with congenital myotonic dystrophy with 1975 cytosine-thymine-guanine (CTG) 
repeats in the DMPK gene showing the characteristic elongated facies, left ptosis, and an open, down-turned 
(tented) mouth with dental malocclusion (A). The tracheostomy scar is evidence of the severe respiratory 
distress requiring intubation at time of birth. Neonate with congenital myotonic dystrophy (B) also with an 
open, down-turned mouth and frog-leg position of lower extremities. A neonate with congenital myotonic 
dystrophy with severe respiratory distress and arthrogryposis (C). (B, From Johnston H. The floppy weak 
infant revisited. Brain Dev. 2003;25:155-158; C, from Echenne B, Bassez G. Congenital and infantile myotonic 


dystrophy. Handb Clin Neurol. 2013;113:1387-1393.) 


common source of such intracranial bleeding in early childhood is 

an arteriovenous malformation (AVM). Ruptured intracranial 

aneurysms also cause subarachnoid hemorrhage, especially in 
older children. 

2. Intracerebral hemorrhage denotes bleeding into the parenchyma 
of the brain. Severity and region of deficits caused by intraparen- 
chymal hemorrhage are determined by the extent and location of 
bleeding in the brain. 

The location, or focality, of the resultant deficit after a stroke 
depends on whether the event occurred in the cortex, the subcortical 
areas, the brainstem, or the cerebellum. Although alterations of blood 
flow result in permanent deficits, some cause only temporary ones. 
Transient ischemic attacks (TIAs) are brief episodes of focal, noncon- 
vulsive neurologic deficit attributable to interruption of cerebral perfu- 
sion. As in stroke, the onset is abrupt. By definition, a TIA must last 
less than 24 hours and in reality lasts only a few minutes, and recovery 
must be complete. 

Progression of symptoms characterizes stroke when the underlying 
process, either ischemia or hemorrhage, widens its CNS domain with 
resultant expansion of symptoms and signs. Whether short-lived or 
permanent, deficits are commonly motor. Loss of strength may occur 
as a lateralized weakness involving one-half of the body (hemiparesis) 
or as complete loss of strength (hemiplegia). Diparesis, or diplegia, 
involves weakness of the legs and is found primarily in premature 
infants who have suffered bilateral hypoxic-ischemic brain injury, in 


full-term neonates after intracranial hemorrhage that has led to post- 
hemorrhagic hydrocephalus, and in children suffering spinal cord 
injury below the neck. Involvement of the cerebellum often manifests 
as gait ataxia or impairment of fine motor coordination. Stroke occur- 
ring in the brainstem is reflected by cranial nerve dysfunction in the 
distribution of the vascular event. If long sensory or motor tracts 
running between the brain and spinal cord are involved, dysfunction 
of these systems may be involved. 

Distinction among the 3 processes underlying stroke—embolism, 
thrombosis, and hemorrhage—is possible according to clinical features 
(Table 29.21). Thrombotic strokes are usually abrupt and on occasion 
may be heralded by TIAs. This type of stroke may bear a stepwise 
tempo, and neurologic symptoms may appear haltingly. The cerebro- 
spinal profile is normal. Embolic strokes are infrequently preceded 
by TIAs. Onset of the episode is abrupt, and neurologic symptoms 
are manifested immediately. A mild-to-moderate headache may 
accompany neurologic symptoms. Lumbar puncture yields normal 
cerebrospinal fluid. Intracerebral hemorrhage is frequently marked 
by headache. Severe headache of sudden onset marks SAH, in par- 
ticular. Prodromal symptoms generally do not occur. However, previ- 
ous seizures may suggest the existence of an AVM, whereas previous 
episodes of headache may be attributable to leaks from intracranial 
aneurysms. Consciousness is often lost, although it may be regained 
after a short while. Cerebrospinal fluid is bloody if SAH has occurred 
or if intraparenchymal bleeding reaches the ventricular system. 
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FIGURE 29.17 Characteristic Pathologic Changes Seen on Muscle Biopsy in Congenital Myopa- 
thies. Centronuclear myopathy is classified based on a centrally placed nucleus (A) seen in a disproportionate 
number of myofibers, on the background of fiber size variability shown here on hematoxylin and eosin (H&E) 
staining. Core myopathy has well-demarcated centrally or eccentrically placed cores, best visualized on oxida- 
tive stains such as SDH (B). Nemaline rods are purple-blue staining rods (few are labeled by arrows) best 
visualized on Gomori trichrome located in a subsarcolemmal position (C). Congenital fiber-type disproportion 
showing small, dark-staining type 1 fibers (average diameter, 20-40 um) on ATPase at pH 4.3 relative to the 
larger, pale-staining type 2 fibers (average diameter, 80—100 um) (D). SDH, succinate dehydrogenase. (A, 
Courtesy Karra Jones, MD, PhD, University of California, San Diego, San Diego, CA; B, from North KN, Wang 
CH, Clarke N et al. Approach to the diagnosis of congenital myopathies. Neuromuscular Disord. 2014;24:97- 
116, with permission; C, courtesy Michael Lawlor, MD, PhD, Medical College of Wisconsin, Milwaukee, WI; 
D, courtesy Chamindra Konersman, MD, Medical College of Wisconsin, Milwaukee, WI.) 


The signs of stroke found on physical examination often reflect 
interruption of the motor pathways extending from cortical upper 
motor neurons to the spinal cord lower motor neuron, the anterior 
horn cell. Upper motor neuron motor deficits seen in stroke patients 
may result from events occurring at any of several levels in the CNS: 
cerebral cortex, subcortical white matter, brainstem, or spinal cord. 
Despite the vast neurologic terrain in which stroke may occur, charac- 
teristics common to its occurrence at each of these locations can be 
found. A group of muscles is always involved. Never are individual 
muscles affected in isolation. The group of muscles affected may ini- 
tially be flaccid and powerless, but the paralysis is rarely permanently 
complete. 

Spasticity serves as the chronic functional manifestation of upper 
motor neuron injury caused by stroke. The antigravity muscles, 


consisting of arm flexors and leg extensors, are most commonly 
affected. As a result, the arms assume a position of flexion and prona- 
tion, whereas legs become extended and adducted. Testing for spastic- 
ity involves rapidly moving the relaxed affected extremity in the range 
of motion of the joint and assessing for freedom of movement. The 
extremity should then be stretched at higher velocity at which point 
increased tone is encountered in spasticity and classically referred to 
as clasp-knife phenomenon. Enhancement of deep tendon reflex 
response has been attributed to the interruption of descending inhibi- 
tory pathways as well as to increased activity of the y neuron 
reflex loop. 

Clonus, repetitive muscle contraction in response to tendon per- 
cussion or stretch, further reflects the enhanced response of tendon 
reflexes resulting from upper motor neuron injury in stroke. Reflex 
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FIGURE 29.18 Congenital Myasthenia. This child was referred at 4 years of age with a history of swal- 
lowing difficulty. By 2 years, his walking had not progressed further, and he was unable to run or climb 
stairs. His parents had also noted some ptosis in the 1st year. On examination, he had obvious ptosis, limited 
ocular movement, associated weakness of facial movement, an expressionless face, open mouth, and an 
inability to close the eyes tightly (A). There was general hypotonia with joint laxity. The child got up from 
the floor with a Gower sign and could not stand on 1 leg or run. A diagnosis of myasthenia was confirmed 
by demonstrating a response decrement to repeated ulnar nerve stimulation. A definite Improvement in the 
ptosis and his ability to get up from the floor was noted after intravenous edrophonium chloride (Tensilon). 
He was treated with pyridostigmine and showed a definite Improvement, but with time, he needed an 
increased dosage and frequency. His performance improved after each dose and tended to wane as the 
next dose became due. He still had a Gower sign on rising from the floor, marked ptosis, external ophthal- 
moplegia, and facial weakness (B-D). His parents are 1st cousins, and so this is probably a case of autosomal 
recessive infantile (congenital) myasthenia. (From Dubowitz V. Muscle Disorders in Childhood. 2nd ed. 


London: WB Saunders; 1995:414.) 


TABLE 29.21 


Pace of 
Deficit Onset 


Abrupt 


Onset Location 


Sudden 


Mechanism 
Embolism 


Thrombosis sudden; may occur In situ 
during sleep or 
systemic 


hypotension 
Rapid 


Abrupt; may be 
stepwise 


Hemorrhage Abrupt or rapid 
In progression 


parenchyma 


*Except in carotid dissection with intimal tearing. 


Remote site of origin Rare None Yes 


In subarachnoid 
Space or in brain 


Stroke in Children: Characteristics of Stroke by Mechanism 


Impaired 


TIAs Neck Pain Headache Consciousness 


Rare unless infarction is 
large or involves ARAS 
or bilateral thalami 


Unusual 


None Yes Frequent in SAH and 
large parenchymal 


hemorrhages 


ARAS, ascending reticular activating system; SAH, subarachnoid hemorrhage; TIAs, transient ischemic attacks. 


elicitation at 1 point, such as at the biceps muscle, may provoke reflex 
responses in adjacent muscle groups, such as brachioradialis or finger 
reflexes. Such spread of reflex responsiveness is commonly seen in 
patients whose upper motor neuron pathways have been injured by 
stroke. 

Children with stroke present similarly to adults with focal neuro- 
logic deficits but diffuse features occur more commonly, although not 
in isolation (Table 29.22). Stroke in children is commonly caused by 
or related to congenital heart disease, infection, metabolic disorders, 
hematologic and coagulation diatheses, and collagen vascular disease 
(Table 29.23). Nonetheless, despite the most thorough evaluation, the 
cause escapes detection in 25-33% of patients. A pediatric stroke clas- 
sification system originally proposed by Wraige et al. in 2005 demon- 
strated that stenoocclusive arteriopathy is the most common cause of 
arterial ischemic strokes (AISs) (Table 29.24), whereas AVMs were the 
most common cause of hemorrhagic strokes (Table 29.25). The evalu- 
ation of stroke should proceed in a stepwise fashion, with determina- 
tion of whether the stroke is ischemic or hemorrhagic via cranial CT 


or MRI. Subsequent diagnostic testing may include cerebral vessel 
imaging, echocardiography, and laboratory work-up for prothrom- 
botic and inflammatory states based on history (Fig. 29.19). 

The outcome of stroke varies considerably due to differences in 
etiology, age, management, population studied, and functional 
outcome measures studied. In general, 5-10% of affected children die, 
and more than half of the survivors incur a functional or cognitive 
neurologic deficit. 

The clinical presentations and causes of stroke are best considered 
with respect to each of 3 age groups: neonates, children between 1 and 
13 years of age, and adolescents. 


NEONATES 
Perinatal Ischemic Stroke 


The National Institute of Neurologic Disorders and Stroke defines 
ischemic perinatal stroke as a “focal disruption of cerebral flow second- 
ary to arterial or cerebral thrombosis or embolization between 20 


TABLE 29.22 Symptoms of Strokes in Children Based on Etiology 
ARTERIAL ISCHEMIIC HEMORRHAGIC CEREBRAL VENOUS 
STROKES' STROKES" THROMBOSIS? 
Symptoms/Signs % % Symptoms/Signs 
Hemiparesis 70-80 eo Headache 
Facial weakness 40-60 Altered consciousness 
speech disturbance 30-40 Focal deficits 
Visual changes 5-15 Seizures 
Limb ataxia 20-25 
Focal numbness 20 
Vomiting 10-20 
Headache 25-45 
Decreased level of consciousness 20-40 
Seizures 15-30 
Vertigo 10 
Diplopia 
Papilledema 
No lateralizing symptoms 
No neurologic signs 
GCS 214 
GCS 9-13 
GCS <8 


'The Approximate percentage of patients having each symptom based on pooled data from 1-4. 
1. Mallick AA, Ganesan V, Kirkham FJ, et al. Childhood arterial ischaemic stroke incidence, presenting features, and risk factors: a prospective 
population-based study. Lancet Neuro. 2014;13:35-43. 
2. Yock-Corrales A, Mackay MT, Mosley |, Maixner W, Babl FE. Acute childhood arterial ischemic and hemorrhagic stroke in the emergency 
department. Ann Emerg Med. 2011;58:156-63. 
3.Wintermark M, Hills NK, deVeber GA, et al. Arteriopathy diagnosis in childhood arterial ischemic stroke: results of the vascular effects of 
infection in pediatric stroke study. Stroke. 2014;45:3597-605. 
4.Lynch J, Hirtz DG, DeVeber G, Nelson KB. Report of the National Institute of Neurological Disorders and Stroke Workshop on Perinatal and 
Childhood Stroke. Pediatrics. 2002;109:116-123. 
“Ichord RN, Benedict SL, Chan AK, Kirkham FJ, Nowak-Gottl U, International Paediatric Stroke Study G. Paediatric cerebral sinovenous 
thrombosis: findings of the International Paediatric Stroke Study. Arch Dis Child. 2015;100:174-9. 
3Nda, no data available. 
“GCS, Glasgow Coma Scale. 


Child Presents with Stroke 


Noncontrast Head CT 


Ischemic Stroke 
MRA Normal MRA Abnormal 


Evaluate for inflammatory, 
prothrombotic, or cardiac 


Hemorrhagic Stroke 


FIGURE 29.19 Algorithm for evaluation of child pre- 
senting with stroke. CT, computed tomography; MRA, 
magnetic resonance angiography; tPA, tissue plas- 
minogen activator. (Modified from Gumer LB, Del 
Vecchio M, Aronoff S. Strokes in children. Pediatr 
Emerg Care. 2014;30:660-664.) 


Evaluate for Bleeding 
Dyscrasias 
MRA Normal 
Conventional angiography 
or CT angiography 


etiology (if thrombotic, 
consider tPA) 


No Etiology 
Conventional angiography 
or CT angiogram 


MRA Abnormal 
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TABLE 29.23 Causes of Stroke in Children 


Cardiovascular Disease 
Congenital 
Aortic stenosis 
Mitral stenosis 
Ventricular septal defects 
Patent ductus arteriosus 
Cyanotic congenital heart disease involving right-to-left shunt 
PHACE syndrome 
Acquired 
Endocarditis 
Kawasaki disease 
Cardiomyopathy 
Atrial myxoma 
Arrhythmia 
Paradoxical emboli through patent foramen ovale 
Rheumatic fever 
Prosthetic heart valve 


Hematologic Abnormalities 

Hemoglobinopathies 

Polycythemia 

Leukemia/lymphoma 

Thrombocytopenia 

Disorders of coagulation 
Protein C deficiency 
Protein S deficiency 
Factor V (Leiden) resistance to activated protein C 
Antithrombin III deficiency 
Lupus anticoagulant 
Oral contraceptive pill 
Pregnancy and the postpartum state 
Disseminated intravascular coagulation 
Paroxysmal nocturnal hemoglobinuria 
Inflammatory bowel disease (thrombosis) 
L-Asparaginase 
Prothrombin 20210A mutations 
Methylenetetrahydrofolate reductase (MTHFR) deficiency 
Hyperhomocysteinemia 


Systemic Disorders 
Meningitis 
Viral 
Bacterial 
Tuberculosis 
systemic infection 
Viremia 
Bacteremia 
Local head and neck infections 
Postvaricella (and other viruses) 
Drug-induced inflammation/vasoconstriction 
Amphetamine 
Cocaine 
Ergots 
Autoimmune disease 
systemic lupus erythematosus 
Juvenile idiopathic arthritis 
Takayasu arteritis 
Mixed connective tissue disease 
Polyarteritis nodosa 
Primary CNS vasculitis 
Trisomy 21 


Metabolic Diseases 
Homocystinuria/elevated homocysteine levels 
Pseudoxanthoma elasticum 

Fabry disease 

Sulfite oxidase deficiency 


Mitochondrial Disorders 
MELAS 
Leigh syndrome 


Intracerebral Vascular Processes 
Ruptured aneurysm 

Arteriovenous malformation 
Fibromuscular dysplasia 

Moyamoya disease 

Migraine headache 

Postsubarachnoid hemorrhage vasospasm 
Hereditary hemorrhagic telangiectasia 
Sturge-Weber syndrome 

Carotid or vertebral artery dissection 
Neurofibromatosis type 1 

CADASIL 


Trauma and Other External Causes 
Child abuse 

Head trauma/neck trauma 

Oral trauma 

Placental embolism 

ECMO therapy 

Lollipop stroke (pharyngeal trauma) 


CNS, central nervous system; ECMO, extracorporeal membrane oxygenation; MELAS, mitochondrial encephalomyopathy, lactic acidosis, and 
stroke; PHACE, posterior fossa brain malformations, facial hemangiomas, arterial anomalies (cerebrovascular hypoplasia, aneurysms, stenosis, 
aberrancy), coarctation of the aorta, cardiac and eye defects; CADASIL, cerebral autosomal dominant arteriopathy with subcortical infarcts and 


leukomalacia. 
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TABLE 29.24 Pediatric Stroke Classification and Etiologic Prevalence 


Subtype Definition/Examples % of cases 
sickle cell disease e Homozygous HbSS, HbS thalassemia, HbSC (not HbSA) with proximal 5 
occlusion/stenosis or normal 
e |f moyamoya syndrome or arterial dissection, categorize under multiple 
probable etiologies 
Cardioembolic Congenital heart disease 
Moyamoya syndrome Terminal ICA or proximal MCA/ACA stenosis or occlusion with lenticulostriate 
collaterals; include unilateral cases, primary and secondary cases 
e Categorize as multiple probable if another etiology is found 
Cervical arterial dissection MRI or angiography showing intramural hematoma, dissection flap, increased 
vascular diameter, and/or cerebral angiogram with string sign, 
pseudoaneuryms, or dissection flap 
e Exclude other probable etiologies 
Stenoocclusive cerebral arteriopathy e Irregularity, stenosis, or occlusion of large intracranial artery (not 
moyamoya or dissection; include if history of clinical varicella infection 
within previous 1 yr) 
Arterial Exclude other probable causes 
Other determined etiology Isolated cerebral anglitis 
Fibromuscular dysplasia 
CNS vasculitis 
Migrainous infarction 
Radiotherapy (unless patient has moyamoya disease as a complication 
of this) 
Large artery atherosclerosis 
Multiple probable/possible etiologies Classify into this if other etiologies have not been excluded or if only some 
criteria for a specific etiology are fulfilled 
Prothrombotic states (elevated anticardiolipin IgG, IgM on 22 occasions at 
least 6 wk apart, MTHFR mutation, FVL mutation, prothrombin mutation, 
protein C/S deficiency, antithrombin III deficiency, hyperhomocysteinemia) 
Bacterial meningitis 
Hypertension 
Undetermined etiology 


Venous Sinovenous thrombosis 


HbSS, hemoglobin S; HbSC, hemoglobin SC; HbSA, hemoglobin SA; ICA, internal carotid artery; MCA, middle cerebral artery; ACA, anterior 
cerebral artery; CNS, central nervous system; lg, immunoglobulin; MTHFR, methylenetetrahydrofolate reductase deficiency; FVL, factor V Leiden 
deficiency 

Data from Gumer LB, Del Vecchio M, Aronoff S. Strokes in children. Pediatr Emerg Care. 2014;30:660-664; Wraige E, Pohl KRE, Ganesan V. A 
proposed classification for subtypes of arterial ischemic stroke in children. Dev Med Child Neurol. 2005;47:252-256. 


weeks of fetal life through 28th postnatal day” as confirmed by neuro- 
TABLE 29.25 Prevalence of the Causes of imaging, fetal imaging methods, or neuropathologic studies. Perinatal 


Hemorrhagic Stroke in Children stroke can be subclassified into fetal (diagnosed before birth), neonatal 
(diagnosed after birth but before the 28th postnatal day), or presumed 
perinatal (diagnosed after the 28th postnatal day) ischemic stroke. 
The causes of stroke in neonates are similar to those in children 
AVM 30 (Table 29.26). 

Cavernous hemangioma The incidence of neonatal arterial ischemic stroke (AIS) in term 
Aneurysm infants is reportedly 1 in 2300 to 1 in 5000 live births. Neonatal AIS 
occurs more frequently in preterm newborns with an incidence of 7 
in 1000 infants born at or before 34 weeks of gestation. 

Newborns who incur AIS present 58-68% of the time in the 
Medical etiologies newborn period. Focal seizures are the most common presenting 
Brain tumors : symptom of neonatal AIS, occurring in 69-90% of term newborns 
Trauma/dissection (Table 29.27). Onset of seizures after 12 hours of life and focal motor 
seizures predict an association with stroke compared to HIE. Further- 
more, most seizures associated with AIS occur within the 1st 3 days of 
AVM, arteriovenous malformations; SAH, subarachnoid hemorrhage. life. Even though lateralized findings on neurologic examination may 


Etiology % of Cases 
Vascular malformations 54 


Venous malformation 
SAH 


Undetermined 
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TABLE 29.26 Causes of Stroke in Neonates 


Hypoxic-ischemic encephalopathy 

Cerebral venous thrombosis 

Thrombophilias 

Maternal idiopathic thrombocytopenic purpura 

Intracranial hemorrhage 

Intraventricular hemorrhage 

Polycythemia 

Familial porencephaly 

Organic acidemias 

Methylmalonic acidemia 

Propionic acidemia 

lsovaleric acidemia 

Unknown presumed emboli (placental, patent ductus arteriosus) of in 
utero onset 


TABLE 29.27 Symptoms Associated with 
Perinatal Arterial Ischemic Strokes (AIS) 


Symptom % of cases 


Neonatal AIS in Term Infants 
Seizures (usually focal motor) 69-90 
Hemiparesis ~30 
Impaired level of consciousness 39 
Abnormal tone 

Respiratory difficulties 26 


Feeding difficulties 24 


Neonatal AIS in Preterm Infants 
Respiratory distress or apnea 


Seizures 


Abnormal feeding 


Abnormal tone 


Presumed Perinatal AIS 
Early hand preference (<2 yr of age) 
Hand fisting 


Seizures 
Gaze preference 


From Lehman LL, Rivkin MJ. Perinatal arterial ischemic stroke: 
presentation, risk factors, evaluation, and outcome. Pediatr Neurol. 
2014;51:760-768. 


be found, they need not be present as hallmarks of cerebral infarction. 
Furthermore, diminished movement of extremities on the side of the 
focal seizure may represent a postictal Todd paralysis rather than 
paresis from upper motor neuron injury caused by cerebral infarction. 
Initially, other neurologic signs may be absent. However, as the child 
grows, motor or cognitive impairment may become progressively more 
apparent during the 1st 1-3 years of life. Preterm neonates with AIS 
are commonly asymptomatic and are diagnosed on cerebral ultra- 
sound, whereas the most common presentation of presumed perinatal 
AIS is early hand preference (see Table 29.27). 

The cause of the cerebral infarction frequently escapes detection 
among neonates who have not been subjected to prenatal asphyxia. 


TABLE 29.28 Risk Factors for Perinatal 
Arterial Ischemic Stroke (AIS) 


Type of Risk Factor Risk Factors 


Term Infants with Neonatal AIS 
Maternal Thrombophilia 
Infertility 
Prolonged rupture of membranes 
Preeclampsia or gestational hypertension 
Smoking 
Intrauterine growth restriction 
Infection 
Maternal fever during delivery 
Smoking 


Thrombophilia (MTHFR mutation, FVL, 
prothrombin gene mutation, protein 
C/S deficiency) 

Congenital heart disease 

Arteriopathy 

Hypoglycemia 

Perinatal asphyxia 

Infection (sepsis/meningitis) 

Need for resuscitation 


Apgar score of <7 at 5 min 


Chorioamnionitis 

Placental infarcts 

Distal villous immaturity 

Placenta weighing <10th percentile 


Placental 


Preterm Infants with Neonatal AIS 

Maternal Infection 
Gestational bleeding 
Maternal smoking 
Maternal drug use 


Twin-twin transfusion 

Abnormal fetal heart rate 
Hypoglycemia 

Thrombophilia (MTHFR mutation, FVL) 


Presumed Perinatal AIS 
Maternal Preeclampsia 
Infection 
Gestational bleeding 
Gestational diabetes 


Thrombophilia 
Congenital heart disease 


MTHFR, methylenetetrahydrofolate reductase deficiency; FVL, factor 
V Leiden deficiency. 

Moditied from Lehman LL, Rivkin MJ. Perinatal arterial ischemic 
stroke: presentation, risk factors, evaluation, and outcome. Pediatr 
Neurol. 2014;51:760-768. 


Data analyzing risk factors for perinatal AIS are limited and sometimes 
conflicting, but can be broadly categorized into maternal, fetal, and 
placental factors (Table 29.28). For unknown reasons, a left hemi- 
spheric location (53-64% with an isolated unilateral lesion) has been 
noted to be the most common area involved in perinatal AIS and 
exclusive involvement of the middle cerebral artery (MCA) territory is 
seen in 75-90% of perinatal AIS cases. The location of strokes varies 
based on age of gestation (Table 29.29). Emboli from the placenta may 
lodge in cerebral vessels and result in stroke. In addition, congenital 
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heart defects involving right-to-left shunts through septal defects or 
through a patent ductus arteriosus serve as settings for embolic stroke 
in neonates. Coagulopathies caused by congenital defects of coagula- 
tion (factor VIII, protein C or S, or antithrombin III deficiency and 
others) or by sepsis-induced disseminated intravascular coagulation 
may underlie neonatal embolic stroke. Fetal head trauma during labor 
and delivery that results in endothelial damage to cerebral vessels occa- 
sionally leads to thrombosis and resultant focal ischemia of the brain. 
Polycythemia and hypotension can each lead to intravascular stasis and 
abnormalities in flow, resulting in cerebrovascular thrombosis in neo- 
nates. Meningitis and encephalitis cause diffuse or localized thrombo- 
sis as a result of vascular inflammation, leading to hemostasis and 
thrombosis. 

Evidence of localized dysfunction of brain found on EEG consists 
of focal, persistent voltage reduction or of marked focal slowing and 
sharp wave activity. In some instances, EEG evidence of clinically 
observed seizures may be found. Each of these findings may exist while 
the EEG remains relatively normal over other regions of the brain. The 
areas of electrical abnormality should correspond to the affected areas 
of brain revealed by neuroimaging. Cranial CT demonstrates a low- 
density region that eventually evolves into atrophy (Fig. 29.20). MRI 
demonstrates low or isointense signal intensity on T1 weighted images 
and high signal intensity on T2 weighted images as a result of increased 
water content in the infarcted region of the brain. DWI reveals the local 
area of edema before any other neuroimaging procedure and must be 
performed if the CT and MRI are normal (Figs. 29.21 to 29.24). 


TABLE 29.29 Location of Arterial Strokes 
in Perinatal Arterial Ischemic Stroke Based 
on Gestational Age 


Location of 
Arterial Stroke 


Cortical branch strokes 59 


Gestational Age % of Cases 


Full-term neonate 


Lenticulostriate (overall) 39 
Lenticulostriate 
Cortical branch infarcts 


Preterm neonate (overall) 
<28—32 wk of gestation 
32-36 wk of gestation 


The mortality rate for neonatal AIS is low at 0.16 per 100,000 live 
births. Stroke recurrence occurs in only 2% of neonates, most of whom 
have thrombophilia, congenital heart disease, or an arteriopathy. 
Chronic motor deficits occur in 48-59% of neonates with AIS with 
MRI evidence of infarction in the basal ganglia, cerebral cortex, and 
posterior limb of internal capsule in term neonates correlating with 
long-term hemiparesis. Other long-term sequelae in neonatal AIS 
include behavioral disorders (attention and/or hyperactivity) (11%) 
and language delay (21%). About 38-46% of neonates with AIS develop 
epilepsy as a result of their stroke. Patients with presumed perinatal 
AIS fare poorer than their neonatal AIS counterparts: Approximately 
95% have hemiparesis, 41% require limb casting/splinting, 50% have 
cognitive/behavioral difficulties, and 38% have epilepsy. 


Polycythemia 

Neonates are much more commonly polycythemic (central venous 
hematocrit >65%) than are older children. Polycythemia has been 
estimated to be present in 1.5% of newborns. It is most commonly 
encountered in neonates who are born at high altitude, those who are 
small for gestational age, infants of diabetic mothers, or recipients in 
twin-twin transfusion syndrome; it may also be seen in neonatal 
hyperthyroidism or adrenogenital syndrome. Clinical signs of the 
elevated hematocrit are present in some but not all affected infants and 
include plethora, acrocyanosis, impaired renal function, poor feeding, 
apnea, tachypnea, hypoglycemia, and indirect hyperbilirubinemia. 
Neurologic symptoms include jitteriness, irritability, lethargy, seizures, 
and focal motor deficits. 

Most cases of polycythemia are idiopathic or secondary to acquired 
abnormalities of fetal oxygen delivery. Nonetheless, other polycythe- 
mias bearing autosomal dominant or recessive inheritance patterns 
have been described. These familial polycythemias are associated with 
mutant hemoglobins that create abnormalities of oxygen delivery. 

Polycythemia and its resultant hyperviscosity may contribute to 
stroke in neonates. Inadequate cerebral perfusion and cerebrovascular 
thrombosis cause cerebral ischemia. Although most of the systemic 
complications of polycythemia resolve with adequate treatment, neu- 
rologic signs frequently do not. Cerebral infarction resulting from 
polycythemia-related ischemia causes deficits that resolve either slowly 


FIGURE 29.20 Neonatal Arterial Ischemic Stroke. Computed tomography (CT) and magnetic resonance 
imaging (MRI) demonstrate an arterial ischemic stroke in a 1-day-old term infant who presented with a right 
focal seizure. A, An axial CT image reveals hypodensity (white arrow) in the left middle cerebral artery (MCA) 
territory consistent with acute infarction. B, Axial MRI diffusion-weighted trace image of the same patient 
reveals a clearly demarcated area of infarct as a region of hyperintensity (white arrow) in the left MCA ter- 
ritory. C, Apparent diffusion coefficient map reveals region of signal hypointensity and restricted diffusion 
(white arrow) to match area of signal hyperintensity observed in (B). (With permission from Lehman LL, 
Rivkin MJ. Perinatal arterial ischemic stroke: Presentation, risk factors, evaluation and outcome. Pediatric 


Neurol. 2014:51:760-768.) 
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(See Nelson Textbook of Pediatrics, p. 2360.) 
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FIGURE 29.21 Neonatal Arterial Ischemic Stroke. Ultrasound (US) and magnetic resonance imaging 
(MRI) of neonatal arterial ischemic stroke in a 1-day-old term infant who presented with a right focal seizure. 
A, US reveals hyperechogenicity in the left cerebral hemisphere (indicated by white arrow), concerning for 
ischemic injury. B, Axial MRI diffusion-weighted trace image of the same patient reveals well-defined hyper- 
intensity (indicated by white arrow) in the left middle cerebral artery (MCA) territory. C, Apparent diffusion 
coefficient map of the matching slice observed in (B) reveals corresponding hypointensity (indicated by white 
arrow) in the left MCA territory. (With permission from Lehman LL, Rivkin MJ. Perinatal arterial ischemic 
stroke: Presentation, risk factors, evaluation, and outcome. Pediatr Neurol. 2014;51:760-768.) 


FIGURE 29.22 MR axial T2 weighted images (top row), a diffusion-weighted image, and calculated apparent 
diffusion coefficient (ADC) map (bottom row) of a term baby boy who presented with right-sided seizures. 
MR imaging on day 3 of life showed bilateral multiple acute cortical branch MCA territory infarcts. Note the 
cortical and white matter signal hyperintensity on T2 weighted images with loss of the normal cortical ribbon 
in some regions (arrows in top row). The diffusion-weighted imaging increases the conspicuity of the lesions; 
these show restricted diffusion with signal hyperintensity on the diffusion-weighted image (bottom left) 
matched by the low signal on the ADC map (bottom right). (With permission from Gunny RS, Lin D. Imaging 
of perinatal stroke. Magn Reson Imaging Clin North Am. 2012;20:1-33.) 


FIGURE 29.23 Presumed Perinatal Arterial Ischemic Stroke (AIS). Comparison of magnetic resonance 
imaging (MRI) appearance of a patient with acute neonatal AIS compared with MRI of a patient with pre- 
sumed perinatal AlS. A, T2 weighted (T2VV) axial image obtained in a 1-day-old term infant who presented 
with seizure reveals hyperintensity (thick arrow) in gray matter cortex and underlying white matter with loss 
of gray and/or white matter differentiation in the left middle cerebral artery territory (thick arrow) consistent 
with acute infarction compared with the normal right side with dark cortex (thin arrow) and normal differen- 
tiation of the white and gray matter. B, T1 weighted axial image, obtained in the same patient at the same 
time as the image in (A), reveals signal hypointensity in cortical gray matter (white arrow) matching the area 
of hyperintensity observed in (A) consistent with a diagnosis of acute neonatal AIS. C, T2W image obtained 
in a 3-month-old infant with an unremarkable neonatal history who presented at 3 months of age with a 
prematurely appearing right-hand preference reveals an area of hyperintensity and cystic change (thick arrow) 
with cystic septations (thin arrows) typical of chronic infarction. (With permission from Lehman LL, Rivkin 
MJ. Perinatal arterial ischemic stroke: Presentation, risk factors, evaluation, and outcome. Pediatr Neurol. 
2014:51:760-768.) 


FIGURE 29.24 Presumed Perinatal Arterial Ischemic Stroke (AIS). Magnetic Resonance Imaging of 
a 5-year-old girl with long-standing right hemiplegia and intractable epilepsy secondary to a left-sided infarct. 
Note the large area of cystic cavitation in the left temporal (top left and middle images), frontal (top right 
image), and parietal lobes (top right and bottom left images) in the extended left middle cerebral artery ter- 
ritory (with some additional anterior choroidal involvement, and atrophy of the left thalamus; bottom left 
image). The left hemicranium is smaller, and there is some expansion of the left calvarial diploic space. There 
is 3-site Involvement of the basal ganglia, superficial cortex, and posterior limb of the internal capsule (bottom 
row images). There is imaging evidence of Wallerian degeneration with atrophy, and signal hyperintensity 
suggestive of gliosis in the ventral midbrain and pons (bottom middle and right images). (Modified with 
permission from Gunny RS, Lin D. Imaging of perinatal stroke. Magn Reson Imaging Clin North Am. 
2012;20:1-33.) 
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or not at all. Neurologic sequelae may be present in up to 35% of 
neonates with symptomatic polycythemia. 

If signs of polycythemia are found in a neonate, further evaluation 
should be undertaken. Venous or arterial hematocrit, rather than capil- 
lary hematocrit, should be measured. If the family history and physical 
examination findings suggest a hereditary polycythemia, hemoglobin 
electrophoresis should be undertaken. Routine hemoglobin electro- 
phoresis does not elucidate high oxygen-affinity hemoglobinopathies 
in all cases. If clinical suspicion is high, the heat instability test for 
unstable hemoglobins and oxygen dissociation assays can be utilized. 
Neuroimaging should be used to assess for cerebral infarction. 


Neonatal Cerebral Sinovenous Thrombosis (CSVT) 


Full-term neonates are the most frequently affected age group in the 
pediatric population for CSVT with an estimated incidence of 40.7 per 
100,000 live births per year. Thrombosis may occur in cerebral veins 
that conduct deoxygenated blood from the parenchyma to the dural 
sinus system. These sinuses—the sagittal, straight, transverse, cavern- 
ous, and petrous—then convey the blood to the jugular veins. Occlu- 
sion of flow anywhere in these venous conduits leads to ischemia, 
infarction, and even hemorrhage. 

Pathophysiology of CSVT is similar to perinatal AIS with the inher- 
ited thrombophilias being just as likely to cause venous infarctions as 
they do arterial (Table 29.30). Infection, dehydration, polycythemia, 
congenital heart disease, and extracorporeal membrane oxygenation 
(ECMO) have also been implicated. Five percent of all infants on 
ECMO have evidence of CSVT. The lesions associated with cerebral 
venous thrombosis include thrombosis in the deep or superficial veins, 
venous infarction, and hemorrhage. The hemorrhage that typically 
accompanies CSVT is a result of the increased venous/capillary hydro- 


static pressure due to the presence of the clot causing extravasation of 
fluid and red blood cells. 


The only signs may be lethargy and focal or generalized seizures. 
Other common symptoms include apnea and poor feeding (see Table 
29.22). The features of slowly developing focal motor deficits, head- 
ache, and cranial nerve dysfunction found in older children with cere- 
bral venous thrombosis are seldom observed. 

Neuroimaging reveals the venous stasis best if magnetic resonance 
phase imaging, which detects blood flow, or magnetic resonance 
venography is performed, as well as conventional T1 and T2 weighted 
imaging (Fig. 29.25). An unenhanced CT may show a hyperdense, 
expanded “dense triangle” or “cord sign” An enhanced CT venogram 
may aid in the detection of the “empty delta” sign indicating a nonen- 
hancing thrombus within the lumen of the vein (Fig. 29.26). Outcomes 
of CSVT include severe neurologic deficits in 19-38% of cases includ- 
ing death, but 45% have normal development. 


TABLE 29.30 Risk Factors for Neonatal 
Cerebral Sinovenous Thrombosis 


Type of Risk Factor Risk Factors (Estimated % of Cases) 


Maternal Preeclampsia 


Diabetes 


Fetal Acute neonatal illness (61-84%) 
Infection 
Meningitis 
Dehydration 
Congenital heart disease 
Thrombophilia (same as in arterial; 15-20%) 
ECMO 
Complicated delivery 
Polycythemia 


ECMO, extracorporeal membrane oxygenation. 


FIGURE 29.25 Neonatal Cerebral Sinovenous Thrombosis. Computed tomography (CT) scan (top row) 
in a 6-week-old infant with acute cerebellar hemorrhages causing marked cerebellar swelling presumed to 
be secondary to idiopathic thrombocytopenic purpura. A CT scan the day after the posterior fossa hematoma 
resection (botttom row) shows there is new acute thrombus in the straight sinus, torcular, and superior sagit- 
tal sinus. (With permission from Gunny RS, Lin D. Imaging of perinatal stroke. Magn Reson Imaging Clin 
North Am. 2012;20:1-33.) 


FIGURE 29.26 Neonatal Cerebral Sinovenous Thrombosis. A term male neonate was hypotonic at 
birth with poor respiratory effort requiring resuscitation. Initial computed tomography (CT) (too row) on day 
2 of life shows diffuse brain edema with expanded and hyperdense transverse and sagittal sinuses, torcula, 
and internal cerebral veins as well as the cerebral cortical veins. CT performed on day 9 (middle row) shows 
resolution of the cerebral edema, increased density of the thrombus within the transverse sinus, torcula, 
and superior sagittal sinus. Magnetic resonance (MR) imaging on day 9 (bottom left, images 1-4) shows 
mild diffuse cerebral atrophy but no focal venous infarcts, with a persistent thrombus and no flow on the 
MR venography (stars). Follow-up MR imaging on day 15 (bottom right, images 5 and 6) shows the evolution 
of thrombus signal intensity to methemoglobin. Note the effect of T1 shortening within the thrombosed 
sagittal and transverse sinuses and torcula, mimicking flow within the sinuses (arrow). (With permission 
from Gunny RS, Lin D. Imaging of peinatal stroke. Magn Reson Imaging Clin North Am. 2012;20:1-33.) 


Intracranial Hemorrhage in the Neonate 


Intracranial hemorrhage occurs in neonates in 1 of 4 different neuro- 
anatomic distributions: subdural (SDH), subarachnoid (SAH), intra- 
parenchymal (IPH), or intraventricular (IVH).Whereas SDH occurs 
more commonly in full-term infants, the other 3 types of hemorrhage 
are more common in premature infants. 


Subdural Hemorrhage 


SDH in neonates usually results from head trauma during birth. Thus, 
factors of labor and delivery promoting the application of increased 
force on the fetal head are liable to promote SDH. Cephalopelvic dis- 
proportion, rigidity of the bony pelvis, prolonged duration of labor, 
unusual presentations, or the need for prolonged manipulation or 
forceps application may each generate increased forces on the fetal 
head and cause SDH. As a result, shearing forces may create tears in 
the vein of Galen or tears of superficial cerebral veins. If forces are 
extreme, tears at the junction of falx and tentorium can generate large 
subdural blood collections in the relatively small posterior fossa, 


culminating in compression of the brainstem and cerebellar tonsillar 
herniation. The incidence of SDH has steadily declined as a result of 
improved obstetric practice. 

Clinical features of SDH depend on the location and size of the 
hemorrhage. Tentorial laceration (Fig. 29.27) can cause stupor or even 
coma. Pupillary and extraocular movement abnormalities are common. 
Dystonic postures such as retrocollis or opisthotonos are seen. Finally, 
abnormalities of respiratory pattern regulation such as apneustic or 
ataxic respirations are seen and signify imminent respiratory arrest. 
Less severe SDHs in the posterior fossa evolve more slowly and cause 
less severe brainstem dysfunction. Subdural collections of blood over 
the cerebral surfaces that result from tears of superficial cerebral veins 
may be asymptomatic, or may present with subtle symptoms such as 
irritability. With time the blood may liquefy and draw water into the 
area by osmotic forces, thus expanding the size of the lesion. If the 
collection is sufficiently large, seizures occur. Greater pressure may 
cause oculomotor dysfunction accompanied by pupillary dilation and 
ablated pupillary light responses. 
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FIGURE 29.27 A and B, Generalized tonic seizures, lethargy progressing to coma, and an irregular respira- 
tory pattern were observed in a 1-day-old full-term infant. Computed tomography scan demonstrates a 
hyperdense lesion emanating from the falx and tentorium (arrows) caused by a traumatic tear of the tento- 
rium, which resulted in hemorrhage from the straight sinus. 


SDH may escape diagnosis in the 1st few weeks of life and appear 
later as a chronic subdural effusion; in this situation, the clinician must 
consider child abuse (see Chapter 26). Such an occurrence is marked 
by a rapidly enlarging head circumference. There may also be a com- 
bination of acute and chronic SDH in cases of child abuse. 


Subarachnoid Hemorrhage 


Blood can occupy the subarachnoid space in 1 of 2 ways. First, blood 
may reach the subarachnoid space after hemorrhage has occurred in 
the cerebral parenchyma or in the periventricular region. Second, SAH 
may result from disruption of the superficial leptomeningeal arteries 
or of the fragile vessels bridging the subarachnoid space; disruption of 
either vascular structure leads to direct bleeding into the subarachnoid 
space, so-called primary SAH. Primary SAH commonly occurs after 
hypoxic-ischemic brain insults and after fetal head trauma. 

Mild SAH is clinically the most common type, occurring as an 
occult phenomenon with few if any manifestations. Greater amounts 
of blood collecting over the convexities may result in focal motor defi- 
cits and seizures. Large SAH accumulating over the convexities has 
been associated not only with seizures but with infarction of underly- 
ing cerebral cortex. The presence of accompanying infarction is indi- 
cated by the occurrence of focal seizures. A history of difficult labor 
and delivery may be associated with large SAH. Cerebral infarction in 
the setting of SAH has been observed more commonly in full-term 
infants than in premature infants. 

When SAH is mild, the neurologic outcome can be good. Even in 
cases of SAH accompanied by an infrequent seizure or cerebral infarc- 
tion, the prognosis is often favorable. Adverse consequences appear to 
be more dependent on the severity of any underlying intrapartum 
trauma or hypoxic-ischemic brain injury. 


Intraparenchymal and Intraventricular Hemorrhage 


IPH of the brain occurs in both full-term and preterm infants. Cere- 
bral hemorrhage in the absence of IVH occurs most commonly in 
full-term infants. Hemorrhage into the parenchyma of the cerebral 
hemispheres can be caused by head trauma, vascular malformation 
(Fig. 29.28), coagulopathy, thrombocytopenia, tumor, or infarction. A 
common cause of prenatal, intrapartum, and postnatal hemorrhage is 
alloimmune thrombocytopenia, caused by acquired antiplatelet 


antibodies when a mother becomes sensitized to paternal antigens on 
fetal platelets. Maternal immune thrombocytopenia may also affect the 
fetus, producing thrombocytopenia in utero. However, the incidence 
of neonatal cerebral hemorrhage is much lower in immune thrombo- 
cytopenia than in alloimmune thrombocytopenia. Vitamin K defi- 
ciency should be considered for breast-fed full-term neonates who 
present with intracranial hemorrhage. In the absence of recognized 
coagulation or anatomic abnormalities, cerebral hemispheric IPH has 
been attributed to hemorrhagic infarction. In premature infants, 
parenchymal hemorrhage most often occurs in conjunction with 
severe IVH (Fig. 29.29). Hemorrhage from the friable, unsupported 
germinal matrix leads to accumulation of intraventricular blood, and 
often ventricular distention. These events, in turn, cause impairment 
of blood flow in the medullary veins located in the periventricular 
white matter, preventing blood drainage into the greater cerebral 
venous system. Eventually, the periventricular venous congestion leads 
to ischemia and a resultant venous infarction. 

Developmental outcome in full-term infants with IPH depends on 
the location and extent of the underlying cause. The occurrence of 
posthemorrhagic hydrocephalus or of moderate-to-severe asphyxia is 
predictive of abnormal outcomes, including motor impairment or cog- 
nitive delay. In premature infants, the simultaneous occurrence of IVH 
with IPH carries high risk for major motor deficits and marked cogni- 
tive impairment. 


Evaluation of Stroke in Infants 


Head ultrasonography detects areas of increased echogenicity in the 
cerebral cortex. In especially severe cases of ischemia, increased echo- 
genicity of injured subcortical structures such as the thalamus and 
basal ganglia can be appreciated. Ischemic cortical injury involving the 
territory of the middle cerebral artery (frontal and parietal lobe regions 
surrounding the central sulcus) is better revealed by ultrasonography 
than are other vascular territories. The principal advantages of cranial 
ultrasonography are its easy portability to the patient’s bedside and its 
lack of radiation exposure to the infant. 

CT of the brain is particularly useful for evaluation of full-term 
infants after a suspected cerebral insult. Diffuse injury appears as 
abnormal generalized attenuation throughout the cerebral paren- 
chyma with a loss of the distinction between gray and white matter; 
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FIGURE 29.28 Neonatal Vein of Galen Malformation and Intraventricular Hemorrhage. A 5-day-old 
female born at 38 weeks was noted to be drowsy with poor feeding. She had signs of cardiac failure. A 
computed tomography (CT) scan (top left) demonstrates vein of Galen aneurysmal malformation, which was 
partly treated by transarterial glue embolization without complication but with significant residual arterio- 
venous shunting (MR images, too row). Following a 2nd embolization procedure, there was acute clinical 
deterioration with signs of raised intracranial pressure (middle row). CT shows acute intraventricular hemor- 
rhage and hydrocephalus, and a left parieto-occipital lobe low-density lesion (middle, images 1-3) with adja- 
cent subarachnoid and subdural hematoma (middle, images 4-5). Some linear hyperdensity was believed to 
be due to thrombus within the persistent falcine sinus (middle, images 4-5). Follow-up imaging shows matu- 
ration of the focal left parieto-occipital lesion in keeping with an infarct (bottom row), which is probably 
venous in origin. (With permission from Gunny RS, Lin D. Imaging of pediatric stroke. Magn Reson Imaging 


Clin North Am. 2012:20:1-33.) 


this abnormality may represent cerebral edema. Focal and multifocal 
brain injury is readily detected by cranial CT. 

MRI scans obtained within the first 4 days of life in full-term 
infants with signs of severe HIE reveal white matter abnormalities and 
indistinct gray matter—white matter junctions on T2 weighted images. 
DWI can identify areas of recent infarct even earlier than conventional 
T1 and T2 weighted images. Subsequent images can show chronic 
changes such as cerebral atrophy, paucity of white matter, delayed 
myelination, and ventriculomegaly. MRI has proved useful in docu- 
menting delay of myelination, a sequela to perinatal ischemic white 
matter injury not readily discerned with CT. This additional capability 
has provided a potential explanation for subtle motor deficits found 
in children who have ischemic brain injury in the perinatal period. 
MRI also detects neonatal hypoxic-ischemic injuries of basal ganglia 
not well detected by either head ultrasonography or CT. Moreover, 


MRI with venography is the procedure of choice in the neonatal period 
for identification of venous thrombosis. 

Laboratory testing for the wide variety of etiologic factors underly- 
ing stroke should be conducted. The causes include infection, liver 
dysfunction, coagulopathy, prothrombotic states, organic and amino 
acid inborn errors of metabolism, urea cycle disorders, and mitochon- 
drial abnormalities. 


CHILDREN AGED 1-13 YEARS 


When stroke occurs in children, focal symptoms are reported and cor- 
responding localized deficits are noted on the neurologic examination, 
which correlate anatomically with the involved region of the CNS (see 
Table 29.22). Lateralized weakness often signifies injury to the contra- 
lateral hemisphere, including the regions governing movement. Such 
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FIGURE 29.29 Neonatal Intraventricular and Intraparenchymal Hemorrhages. A term baby deliv- 
ered by Cesarean section for thick meconium and late decelerations, Apgar scores of 1, 6, and 8 (at 1, 5, 
and 10 minutes), presented with neonatal seizures on the 1st day of life. A and B, Axial head computed 
tomography images show bilateral frontal, parietal, and scattered occipital hemorrhages in the periventricular 
and subcortical white matter, the largest in the frontal centrum semiovale. (With permission from Gunny 
RS, Lin D. Imaging of perinatal stroke. Magn Reson Imaging Clin North Am. 2012;20:1-33.) 


motor impairment accompanied by cranial nerve dysfunction on the 
side of the head opposite to the side of extremity weakness suggests 
brainstem infarction at a location above the pyramidal decussation. 
Findings of the sensory examination also may be helpful. Preservation 
of primary sensory modalities provides assessment of spinothalamic 
axis (pain and temperature) and posterior column (proprioception) 
integrity. Loss of pain and temperature sensation on one side of the 
body combined with motor weakness and the presence of propriocep- 
tive deficits on the other side indicate that the cerebrovascular event is 
in the spinal cord. If the same distribution of motor and sensory dis- 
turbances occurs but is accompanied by cranial nerve dysfunction, a 
brainstem site of injury is likely. Finally, impairment of cortically based 
sensations such as graphesthesia and stereognosis on one side of the 
body implies a contralateral hemispheric cause of the observed cortical 
sensory deficit. 

Analysis of language function in the older child may provide help 
in localizing the region of the cerebrovascular event. Unilateral lesions 
of the dominant hemisphere involving the frontal lobe immediately 
anterior to the motor strip supplying the face result in characteristic 
speech disturbance, Broca aphasia. Broca (nonfluent) aphasia consists 
of the patients inability to utter or to write the words or phrases that 
he or she wishes to express. Although the patient knows the thoughts 
that he or she wishes to express, the volitional motor function for 
written or oral expression cannot be mustered. Infarction in the more 
posterior superior temporal lobe results in an aphasia of a different 
type, Wernicke aphasia, characterized by marked impairment of audi- 
tory comprehension. Comprehension of written matter may be 
impaired as well. Although the patient remains fluent in speech, lan- 
guage is peppered with unintelligible utterances that are meaningless 
(neologisms) or are similar but incorrect versions of the intended word 
(paraphasias). The larger the injury to this region, the more severe is 
the impairment of language. Speech in most right-handed people and 
in 50% of left-handed people is governed by the left hemisphere 
(so-called left hemispheric dominance). The remaining minority share 
right hemispheric dominance. 


The causes of stroke in 1- to 13-year-old children may be consid- 
ered in 2 general groups: (1) ischemic stroke and (2) intracranial 
hemorrhage. The ischemic category comprises embolic, thrombotic, 
and hypotensive causes of stroke. The category of intracranial hemor- 
rhage includes both IPH and SAH. 


Ischemic Stroke in Children 

Congenital Heart Disease 

Congenital heart disease remains the most common diagnosable cause 
of stroke in childhood. Children with cyanotic congenital heart disease 
(right-to-left shunts or mixing lesions) face the greatest risk. An 
embolic stroke constitutes the most common cerebrovascular event. 
Cardiac defects involving right-to-left shunts allow emboli originating 
in peripheral venous circulation to bypass their filtration and removal 
by the pulmonary vascular bed. Thus, emboli entering the heart via 
venous return may be shunted to the peripheral arterial circulation, 
only to lodge in the cerebrovascular tree (Fig. 29.30). 

Patent foramen ovale contributes significantly to the occurrence of 
stroke in children. Echocardiographic evaluation of patients who have 
had stroke reveals patent foramen ovale or evidence of right-to-left 
shunting in many. Transesophageal echocardiography conducted with 
Valsalva bubble studies for evidence of direct right-to-left flow is the 
most useful diagnostic test. 

Valvular defects can cause stroke. Mitral valve prolapse may con- 
tribute to the occurrence of embolic stroke. Small emboli are dislodged 
from the abnormal valve leaflets. Mitral valve prolapse has been esti- 
mated to underlie 20-30% of strokes in patients younger than 30 years. 
Echocardiography in both 2-dimensional and M modes proves most 
helpful in discerning the cardiac valvular abnormality. Rheumatic val- 
vular disease (mitral, aortic), once a common cause of embolic stroke, 
has become an infrequent cause of childhood stroke. Infected valves in 
bacterial endocarditis pose a considerable risk for the occurrence of 
embolic stroke (native, prosthetic, rheumatic, or congenitally abnor- 
mal valve). Mitral and aortic valvular vegetations may dislodge and 
travel distally to occlude cerebral arteries. The most common 


FIGURE 29.30 Computed tomography scan of a 3-month-old boy with 
trisomy 21 and tetralogy of Fallot who, after cardiac catheterization, had 
focal seizures involving the right side of the face and right arm. Region 
of hypodensity in the left hemisphere (arrowheads) reflects infarction 
of the left middle cerebral artery territory, most likely caused by embolic 
occlusion of that vessel. 


organisms found are streptococci and staphylococci (see Chapter 8). 
Even after vegetations have been successfully sterilized, they may 
embolize and cause stroke. Emboli from infected valvular vegetations 
may embolize, travel to the cerebral vasculature, and seed the adventi- 
tia of the cerebral vessel. The resultant infection and inflammation 
result in weakening of the vessel and development of a mycotic aneu- 
rysm. Aneurysms may lie dormant for some time before their rupture 
leads to SAH or IPH and resultant neurologic signs. 


Procoagulopathies 


Several disorders of coagulation can lead to embolic or thrombotic 
stroke (see Table 29.23). Adverse consequences of antiphospholipid 
antibodies have been identified in all age groups. Children, adolescents, 
and young adults experience the cerebrovascular consequences of these 
antibodies most often. Antiphospholipid antibodies, including the 
lupus anticoagulant (LAC), are polyclonal antibodies found in serum 
that are able to bind to both neutral and negatively charged phospho- 
lipids (see Chapter 38). LAC and anticardiolipin antibodies were Ist 
associated with thrombotic or embolic cerebrovascular events in 
patients with systemic lupus erythematosus (SLE). Subsequently, 
patients suffering stroke with no evidence of underlying immune- 
mediated illness other than the LAC or anticardiolipin antibody were 
found. The antibody prolongs the partial thromboplastin time (PTT) 
in vitro but acts as a procoagulant in vivo. A common finding associ- 
ated with coagulation testing among children with AIS is the presence 
of anticardiolipin antibody. The presence of these antibodies in a 
patient who concurrently smokes cigarettes, has findings positive for 
antinuclear antibodies, or suffers from hyperlipidemia may impart a 
higher risk for stroke than if the patient carries the antibody alone. The 
antibody’s presence is indicated by a prolonged PTT and a falsely posi- 
tive serum Venereal Disease Research Laboratory (VDRL) result. The 
antibody’s presence can be conclusively demonstrated functionally and 
immunologically. Although cerebral infarction and TIAs constitute the 
most frequently observed neurologic manifestations related to the 
presence of these antibodies, migraine headache, seizures, and mon- 
ocular visual disturbances are also associated. 
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TABLE 29.31 Autoimmune Disorders 


Associated with Central Nervous System 
(CNS) Involvement 


CNS Manifestations 


Migraine headache, seizures, stroke, 
cerebellar dysfunction, transverse 
myelopathy, aseptic meningitis, 
psychosis 


Disorder 
Systemic lupus erythematosus 


Mixed connective tissue 
disease 


Seizures, stroke, cerebellar dysfunction, 


trigeminal neuropathy 

Polyarteritis nodosa Migraine headache, stroke, subarachnoid 
hemorrhage, seizures 

Granulomatosis with 


polyangiitis 


Migraine headache, subarachnoid 
hemorrhage, stroke 


Takayasu arteritis Seizure, stroke 


Henoch—Schonlein purpura Headache, stroke, seizures, chorea 


Primary CNS vasculitis Headache, stroke, seizure 


Absence of specific serum proteins that act as inhibitors of coagula- 
tion may lead to stroke. Two of these proteins, protein S and protein 
C, have been associated with thrombotic or embolic cerebrovascular 
disease. Protein C and its cofactor protein S act as anticoagulants and 
synergistically attenuate coagulation by deactivating the activated 
forms of factors V and VIII. Absence of (or resistance to) either of these 
proteins disrupts the balance of coagulation toward increased sponta- 
neous clotting and can result in stroke. In addition, antithrombin III 
opposes the action of the activated forms of factors II, IX, X, XI, and 
XII through the irreversible formation of inactivating complexes with 
these factors. Deficiencies of proteins S and C as well as of antithrom- 
bin III may cause arterial thrombotic or embolic stroke or venous 
infarction. Although their deficiencies are often congenital, they may 
be acquired through liver disease or nephrotic syndrome. Factor V 
Leiden, prothrombin 20210A, and lipoprotein A are all important 
factors that may contribute to the pathogenesis of AIS. Elevated lipo- 
protein A, protein C deficiency, and sickle cell anemia increase the risk 
of recurrent strokes. A screening battery of tests, including prothrom- 
bin time, PTT, and specific immunologic and functional testing for the 
proteins suspected of being deficient is essential for diagnosis. Cranial 
radiation therapy may induce an occlusive vasculopathy, leading to 
focal cerebral ischemia. 


Autoimmune Disorders 


Autoimmune disorders may cause neurologic disturbance and cere- 
brovascular involvement (Table 29.31). Symptoms of abrupt onset 
with accompanying deficits referable to the CNS have long been associ- 
ated with SLE. A CNS vasculitis had been presumed to underlie the 
CNS manifestations of SLE; however, an autopsy study of patients who 
suffered from SLE revealed a virtual absence of cerebrovascular inflam- 
mation. Rather, small areas of infarction relate to proliferative changes 
in cerebral arterioles that lead to luminal occlusion. Large areas of 
infarction are more probably related to LAC-derived thromboembo- 
lism or to embolism from the sterile cardiac valve leaflet vegetations 
associated with SLE (Libman—Sacks endocarditis). Additional causes 
of CNS illness include thrombocytopenic hemorrhage, steroid-induced 
pseudotumor or psychosis, and CNS infection. 

True cerebral arterial vasculitis may be an isolated disease or seen 
in association with recognizable systemic autoimmune disorders. 
Isolated angiitis of the CNS may affect small, medium-sized, or 
large vessels. Multiple regions of infarction are often found on MRI. 
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Neuropathologic evidence of polymorphonuclear leukocyte or mono- 
cyte infiltration leading to intimal proliferation and vessel wall necrosis 
is found. The inflammation affects blood flow and predisposes to 
thrombosis. 

Stroke may occur in the course of polyarteritis nodosa. Involve- 
ment of the CNS is found in 20-40% of such patients. 

Granulomatosis with polyangiitis (formally known as Wegener 
granulomatosis), a necrotizing vasculitis of the upper pulmonary 
system, rarely affects the CNS; stroke is uncommon. When the CNS is 
affected, extension of sinus or nasal inflammation into the basilar skull 
frequently has occurred. 

Mixed connective tissue disease, which clinically overlaps with 
polymyositis, SLE, and progressive systemic sclerosis, can involve the 
CNS. Cranial neuropathy, most commonly trigeminal nerve dysfunc- 
tion, has been the most frequently cited deficit. Stroke manifesting as 
sudden-onset hemiparesis and aphasia has been reported in children 
afflicted with mixed connective tissue disease. 

Takayasu arteritis, involving the aorta and its principal branches, 
has been associated with thrombotic stroke. Inflammation-induced 
luminal constriction leading to thrombosis is thought to cause cerebral 
ischemia in children. 

Necrotizing arteritis with inflammatory infiltrate has been found 
in both meningeal and cerebral vessels of children suffering from 
Henoch-Schénlein purpura. Both fixed and transient deficits may 
occur in this disorder. 

Inflammation of cerebral vessels may also occur in the course of 
bacterial meningitis. The subarachnoid arteries become immersed in 
exudate. The vessel wall is affected by the inflammatory process. If this 
condition proceeds long enough, thrombophlebitis ensues. Vascular 
occlusion results, with consequent features of stroke. 


Metabolic Disorders Causing Stroke 


Homocystinuria, a disorder of homocysteine metabolism, can cause 
thrombotic stroke in children. Abnormal homocysteine metabolism 
results from 1 of 3 inheritable enzymatic defects. The most striking 
phenotype results from deficiency of cystathionine synthetase, the 
enzyme that facilitates the catabolism of homocysteine to cystathio- 
nine. This leads to accumulation of not only homocysteine but also 
methionine. Children affected by this autosomal recessive disorder 
(Table 29.32) have marfanoid habitus, global developmental delay, lens 
dislocation, and thromboembolism. Thromboemboli may travel to 
cerebrovascular beds, causing stroke. Serum hyperhomocystinuria 
injures the vascular endothelium. The denuded vessel wall then 
becomes a site for thrombosis. The resulting thrombus may remain at 
its site of origin or it may embolize to a distal locus. Therefore, stroke 
may have thrombotic or embolic characteristics. Both arterial and 
venous infarctions may result. Some patients without homocystinuria 
but with elevated homocysteine levels may be at risk for vascular 
morbid conditions, including stroke. 

Sulfite oxidase deficiency, another autosomal recessive disorder, 
results in the accumulation of serum sulfite. The associated phenotype 
may result from deficiency of either the enzyme or its associated and 
essential pterin-containing molybdenum cofactor. Intellectual disabil- 
ity, seizures, lens displacement, and acute hemiplegia result. The mech- 
anism of the strokelike episodes has not been fully elucidated. It is 
possible that ischemic mechanisms are not involved and that direct 
metabolic neurotoxicity accounts for the sudden onset of deficits 
resembling those of stroke. Sulfites and S-sulfocysteine accumulate in 
urine. 

Fabry disease, a lipid storage disease attributable to ceramide tri- 
hexosidase deficiency, results in accumulation of the sphingolipid tri- 
hexoside in the kidneys, vascular endothelium, and corneas. Symptoms 


TABLE 29.32 Genetic Causes of Stroke 


Thrombotic/Embolic Stroke 

Homocystinuria or elevated homocysteine levels 

Fabry disease 

Fibromuscular dysplasia 

Procoagulopathies (protein C/S deficiency; antithrombin Ill; factor V Leiden; 
prothrombin 20210A mutation; methylenetetrahydrofolate reductase 
mutations) 

Sickle cell anemia 


Hemorrhage 

Factor VIII deficiency 

Factor IX deficiency 

Factor XI deficiency 

Familial intracranial aneurysm 
sickle cell disease 

Familial cavernous angioma 
Glanzmann thrombasthenia 
X-linked thrombocytopenia 


Unknown Mechanism 
Familial porencephaly 
Organic acidemia 
Mitochondrial disorders 


Rare Monogenic Disorders 

APP, CST3, BRI genes (autosomal dominant amyloid angiopathies) 

NOTCHS gene (cerebral autosomal dominant arteriopathy with subcortical 
infarcts and leukoencephalopathy [CADASIL]) 

KRITI gene (cavernous angiomas) 


become apparent in childhood or adolescence. Angiokeratomas and 
painful paresthesia often constitute the 1st symptoms. Renal failure 
follows. However, because of endothelial accumulation of sphingolipid 
in vessel walls, cerebrovascular occlusion results in stroke. Recurrent 
stroke is common in this rare X-linked disorder. 

The manifestations of mitochondrial disorders include recurrent 
and sometimes catastrophic stroke. The syndrome of mitochondrial 
encephalomyopathy, lactic acidosis, and strokelike episodes (MELAS) 
manifests in childhood and results from a mutation of mitochondrial 
DNA. The most common biochemical finding is a deficiency of 
complex I of the electron transport chain. An elevated serum or cere- 
brospinal fluid lactate level serves as its chemical signature, and molec- 
ular confirmation of the diagnosis can be secured from blood. Although 
some features of MELAS are shared by other mitochondrial syn- 
dromes, hemiparesis of abrupt onset is fairly specific for this syndrome. 
An excruciating headache resembling migraine may precede the 
strokelike episodes. Seizures and sensorineural hearing loss are almost 
always present at some point in the course of the illness. Neuropatho- 
logic study of brains from patients with MELAS has shown cystic cavi- 
ties and necrosis of cortex with relative sparing of white matter. 

Other metabolic disorders have been associated with stroke in 
childhood. Urea cycle defects, especially ornithine transcarbamylase 
deficiency manifesting in girls, can cause stroke. Deficiency of arginase, 
another important enzyme of the urea cycle, has been observed in 
association with hemiparesis and diparesis of subacute onset. Finally, 
familial lipoprotein disorders, especially those featuring a dearth of 
high-density lipoprotein or an abundance of triglycerides, have been 
associated with stroke in children. In most cases, a family history of 
hyperlipidemia is found. 
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Moyamoya Disease 


Moyamoya disease commonly affects children younger than 15 years 
and manifests with TIAs or sudden-onset fixed motor deficits. Progres- 
sive narrowing and occlusion of the intracranial portion of the internal 
carotid arteries are characteristic. Endothelial proliferation, fibrosis, 
and intimal thickening characterize the vascular disease. Resultant pro- 
liferation of collateral vessels from the basilar skull circulation creates 
an intricate latticework of compensatory blood flow. The appearance 
on angiography is characteristic and consists of a fine vascular network 
located at the base of the brain. Moyamoya means “hazy” or “puff of 
smoke” as seen on conventional angiography (Fig. 29.31). 

Children usually present with acute hemiplegia as a result of 
uncompensated occlusion of the internal carotid artery. Because the 
anatomic abnormality is often bilateral, the hemiplegia may alternate. 
Disturbance of fine motor function has been observed. Chorea has 
been reported in association with moyamoya disease. The designation 
moyamoya syndrome is given when the progressive distal internal 
carotid artery occlusion occurs as a sequela to a primary disorder such 
as sickle cell disease, neurofibromatosis, trisomy 21, tuberculous men- 
ingitis, and fibromuscular dysplasia. Evidence suggesting a hereditary 
origin in some cases has been reported in Japan. 


Sickle Cell Disease 


Acute hemiplegia may be found in children with sickle cell disease (see 
Chapter 37). Strokes are designated as overt, meaning clinically symp- 
tomatic, or silent, in which no symptoms occur but changes are seen 
on brain imaging. The incidence of overt strokes is 11% in children 
with HbSS by 20 years and silent strokes occur in up to 37% of chil- 
dren. It may be an isolated event, or it may occur in the setting 
of a sickle crisis. Sickle cell disease-related cerebral vasculopathy 


FIGURE 29.31 Sudden onset of right hemiparesis in a 6-year-old boy. A, Cerebral angiogram shows the 


encompasses stroke, TIA, SAH, and moyamoya syndrome. Neurologic 
signs include hemiparesis, aphasia, and visual disturbances. Neuroim- 
aging studies, particularly MRI, reveal that stroke occurs in watershed 
distributions between 2 cerebrovascular territories, affecting both the 
gray and white matter of the cortex. Children with sickle cell disease 
who have silent infarctions may demonstrate school dysfunction as the 
only manifestation of neurologic involvement of the disease. These 
children can demonstrate twice the rate of school difficulties found in 
children with sickle cell disease without infarctions. Recurrences are 
common. 

The proposed pathophysiologic mechanisms encompass both sick- 
ling and progressive stenosis in cerebral vessels. Sickled red blood cells 
(RBCs) through arteries and capillaries alter the rheology and activate 
endothelial proliferation in large vessels, ultimately leading to stenosis. 
Angiography demonstrates large-vessel vasculopathy in the internal 
carotid arteries and middle cerebral arteries, which on microscopic 
analysis reveal endothelial proliferation, disruption of the elastic 
lamina, and microthrombi. Furthermore, there is increased RBC adhe- 
sion, endothelial activation, inflammation, and coagulation dysregula- 
tion. Cerebral hyperemia thought to be caused by vasodilation has 
been suggested as a mechanism contributing to the occurrence of 
watershed infarctions in patients with sickle cell disease. 

SAH also occurs among children with sickle cell disease. The fre- 
quency of SAH is less than that of infarction, occurring in fewer than 
2%. The clinical findings of SAH differ from those of infarction in 
patients with sickle cell disease. Severe headache, vomiting, and altera- 
tion in mental state characterize SAH in children with sickle cell 
disease. Meningeal signs and focal neurologic deficits may be found on 
examination. Angiography should be performed on all patients to 
detect any surgically correctable vascular lesion underlying the 
hemorrhage. 


left internal carotid artery (arrow) leading to a highly arborized, telangiectatic network of vessels (arrowheads) 
typical of moyamoya disease. The typical middle cerebral artery vascular tree is absent. B, Cranial coronal 
magnetic resonance imaging scan shows region of low signal in the middle cerebral artery territory and 
denotes infarction (curved arrows). Flow voids in the basal ganglia (straight arrows) are radiographic mani- 
festations of the basilar collateral circulation typical of this vascular anomaly. 
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(See Nelson Textbook of Pediatrics, p. 1065.) 
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Intracranial Hemorrhage 

Coagulopathies 

The hemophilias (A and B) are X-linked disorders that may result in 
intracranial bleeding. Bleeding may occur in either intraparenchymal 
or subarachnoid locations. Hemophilia A arises from factor VIII defi- 
ciency. Patients with this disorder may experience intracranial bleeding 
in association with head trauma. Unfortunately, spontaneous intra- 
cranial bleeding not associated with head trauma also occurs. The risk 
of spontaneous bleeding rises with the severity of factor VIII 
deficiency. 

Hemophilia B derives from a deficiency of factor IX. Intracranial 
bleeding is seen less frequently among these patients than among 
patients with hemophilia A. Hemophilia B is encountered much less 
frequently than hemophilia A, and this difference may account for the 
less frequent observation of intracranial bleeding. Clinical symptoms 
depend on the intracranial location of the hemorrhage. If the bleeding 
occurs in the subarachnoid space, symptoms of severe headache, 
nuchal rigidity, and meningismus are found. Mental status is fre- 
quently altered. If bleeding occurs within brain parenchyma, focal 
features, including hemiparesis, may be found. 


Thrombocytopenia 


Severe thrombocytopenia rarely leads to cerebral hemorrhage, espe- 
cially if the cause is idiopathic (immune) thrombocytopenic purpura. 
Thrombocytopenia caused by bone marrow failure (drug-induced 
suppression, aplastic anemia, malignancy) may pose a greater risk. 
Significant risk of intracranial hemorrhage is thought not to occur 
until the platelet count is less than 20,000/mm’. Small petechial hem- 
orrhages into white matter are thought to be more common than are 
large parenchymal hemorrhages. 

Causes of thrombocytopenia include idiopathic immune thrombo- 
cytopenic purpura, thrombotic thrombocytopenic purpura, hemolytic 
uremic syndrome, infection, and malignancy (replacement of bone 
marrow or drug-induced suppression). The features of these underly- 
ing causes dominate the clinical picture (see Chapter 38). 


Vascular Malformations 


AVM of the brain is the most common cause of intracranial hemor- 
rhage in preadolescent children. The malformation represents a devel- 
opmental anomaly that manifests with hemorrhage much more 
frequently in children than in adults. The AVM consists of dilated 
vascular channels, some of which reveal the highly muscularized walls 
of arterioles. Gliotic neural tissue resides in and among the vascular 
branches of the malformation. It is more common in boys. The most 
frequent presenting events associated with AVM in children are sei- 
zures and hemorrhage. Most AVMs reside in the cerebral hemispheres; 
10% arise in the posterior fossa. 

The clinical features of AVM hemorrhage consist of those found in 
IPH. Focal features depend on the area of brain in which the bleeding 
has occurred. A higher mortality rate has been observed in children 
than in adults harboring hemorrhagic AVMs. The risk of hemorrhage 
from an unruptured AVM is approximately 3% per year. The introduc- 
tion of MRI has led to better localization of the malformation 
(Fig. 29.32). 

Intracranial aneurysms constitute the most common cause of 
intracranial bleeding in all patients younger than 20 years and are more 
frequent in boys. The most common site of aneurysmal bleeding in 
children is along the intracranial portion of the internal carotid artery. 
The vertebral and basilar arteries are other common sites of intra- 
cranial aneurysm in children. In addition, intracranial aneurysms dis- 
covered in children tend to be larger than those found in adults. 
Although most aneurysms constitute vascular developmental anoma- 
lies, other causes exist, including mycotic aneurysms associated with 
bacterial endocarditis (Fig. 29.33). Acquired cerebral artery aneurysms 
have been reported in children infected with the human immunode- 
ficiency virus. Intracranial aneurysms are found with increased fre- 
quency among patients suffering from polycystic renal disease, those 
with aortic coarctation, and those with Ehlers-Danlos syndrome in 
comparison with the general pediatric population. Intracranial aneu- 
rysms have been noted to exist in close association with AVMs in some 
pediatric cases. 


FIGURE 29.32 Cranial magnetic resonance imaging scan of a 6-year-old girl with recurrent headache. 
A, Axial view demonstrates flow voids deep in the left hemisphere near the lateral ventricle (arrowheads), 
consistent with arteriovenous malformation. B, Coronal view through parietal lobes also demonstrates 
numerous flow voids (arrowheads) indicative of arteriovenous malformation. 
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FIGURE 29.33 Mycotic Cerebral Aneurysm Hemorrhage. A, A cranial computed tomographic scan 
reveals a hyperdense area in the left temporal lobe (arrowheads) representing intraparenchymal hemorrhage. 
B, Cerebral angiography in a lateral view shows a lobulated structural abnormality representing the mycotic 
aneurysm, most probably residing in the middle cerebral artery tree (arrows). C, An anteroposterior angio- 
graphic view confirms the location of the aneurysm in the middle cerebral artery (straight arrows) located 
laterally rather than in the more medial anterior cerebral artery (curved arrows). The internal carotid artery 
(open arrows) gives rise to both the anterior and the middle cerebral arteries. 


All affected patients should be studied with angiography after aneu- 
rysmal bleeding. Patients should be closely observed for development 
of hydrocephalus and increased intracranial pressure. Aneurysmal 
bleeding resulting in significant SAH can precipitate cerebral vaso- 
spasm. Vasospasm, in turn, can cause a secondary cerebral infarction. 
Vasospasm occurs most commonly 7-10 days after the aneurysmal 
bleeding. Prophylaxis is the most effective treatment for vasospasm. 
Maintenance of blood pressure through intravascular volume expan- 
sion has been shown to reduce the incidence of posthemorrhagic 
vasospasm. 

The syndrome of posterior fossa brain malformations, facial hem- 
angiomas, arterial anomalies, coarctation of the aorta, and cardiac and 


eye defects (PHACE) is a constellation of disorders. CNS malforma- 
tions affect the posterior fossa and include Dandy—Walker malforma- 
tion, arachnoid cysts, cerebellar hypoplasia, and enlarged cisterna 
magna. Vascular anomalies include brachiocephalic artery and aortic 
arch anomalies (coarctation of aorta), cerebrovascular arterial hypo- 
plasia, aneurysms, stenosis and aberrancies, and progressive occlusive 
arterial disease leading to stroke. 


Evaluation of Stroke in Children 

Neuroimaging provides the foundation of evaluation. Intracranial 
blood is rapidly seen with CT. The early stages of ischemic stroke, 
however, are detected with difficulty. MRI provides evidence of 
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ischemia in the early stages of stroke. Magnetic resonance angiography 
(MRA) has provided reliable information about the blood flow in and 
the structure of large intracranial vessels. Small intracranial vessels are 
poorly seen on MRA, however, and invasive contrast angiography 
remains the radiologic procedure of choice for full elucidation of the 
cerebral vasculature (see Fig. 29.19). Laboratory studies helpful in the 
evaluation of the child who has suffered stroke are determined by 
the patients clinical features (Table 29.33). 


ADOLESCENTS 


The causes of adolescent stroke include those discussed for preadoles- 
cent children. Determination of stroke mechanism—embolic, throm- 
botic, or hemorrhagic—remains important. Nonetheless, stroke 
among adolescents may also be caused by other entities not commonly 
found in neonates or preadolescent children. 


Fibromuscular Dysplasia 


Fibromuscular dysplasia involves arteries throughout the body. First 
described in renal arteries, the pathologic features of fibromuscular 
dysplasia have been found in carotid, vertebral, and intracranial arter- 
ies. Fibromuscular dysplasia involves irregularly spaced focal zones of 
fibrous and muscular hyperplasia of the media, disruption of the 
elastic lamina, and eventration of the media. The constricted regions 
of vascular fibrosis alternate with regions of luminal dilation to create 
the characteristic beaded appearance on angiography. Fibromuscular 
dysplasia is more common in young girls and has been found in ado- 
lescents; with carotid involvement, a bruit may be auscultated in the 
neck. If renal arteries are affected, hypertension may be present. Neu- 
rologic symptoms signifying cerebrovascular involvement most com- 
monly consist of TIAs and mild strokes. A thrombotic mechanism is 
presumed but has never been proven. 


Sexual Activity, Oral Contraception, and the Puerperium 


Sexual intercourse generates marked increases in systemic blood pres- 
sure. Sustained hypertension elevates the risk of hypertensive intra- 
cranial hemorrhage. The risk for such a hemorrhage is heightened 
by the existence of an intracranial aneurysm or arteriovenous 
hemorrhage. 

Oral contraceptives have been associated with stroke in young 
women. In some series, the combination of migraine headache and 
concurrent oral contraceptive use has been cited as a risk factor for 
stroke. 

Pregnancy and the postpartum state have been considered periods 
of hypercoagulability. In addition, venous stasis increases. These 2 
factors are believed to promote the occurrence of cerebral venous 
thrombosis and resultant cerebral venous infarction in pregnant 
patients and in patients immediately after parturition. Frequently, the 
initial manifestation is headache. Seizures, either focal or generalized, 
are common. Acute hemiparesis is the most common focal feature on 
neurologic examination. Papilledema can appear as intracranial pres- 
sure rises caused by resultant venous outflow obstruction in the head. 
The appearance of these signs or symptoms in a gravid or postpartum 
adolescent should raise suspicion about the existence of underlying 
cerebral venous thrombosis. Diagnosis is made with cranial neuroim- 
aging; MRI provides the best noninvasive assessment. 


Cocaine Use 


SAH can result from cocaine use. The probability of this occurrence is 
higher in cocaine users with occult intracranial aneurysms or AVMs. 
Irrespective of the method of cocaine administration, SAH may occur. 
Cocaine produces tachycardia, hypertension, and vasoconstriction. 


TABLE 29.33 Radiologic, Laboratory, 
and Cardiovascular Assessment of Stroke 
in Children 


Radiologic Assessment 

Rapid Detection of Intracranial Blood 

Cranial CT 

Cranial MRI (also detects extravascular blood but is not as rapidly obtained 
as cranial CT images) 


Detection of Brain Parenchymal Changes Related to 
Stroke 

Cranial MRI, including diffusion-weighted imaging 

Cranial CT (reveals changes later in course than MRI) 


Detection of Abnormal Vascular Structure 

Percutaneous cerebral angiogram (provides the most complete and accurate 
demonstration of extracranial and intracranial vasculature) 

Cranial MRA 


Laboratory Assessment 


Disturbance of RBC, WBC, or Platelet Number 
Hematocrit 

Platelet count 

WBC count with differential 


Disturbance of Coagulation 

ee 

Antithrombin Ill level 

Protein C level, protein S level; resistance to protein C assay 

Lupus anticoagulant detection, anticardiolipin antibody, antiphospholipid 
antibody 

MTHFR gene mutation, prothrombin 20210A gene mutation analysis 


Metabolic Disturbances 
serum electrolytes, glucose 
serum amino acids 

Urine organic acids 

serum/CSF lactate and pyruvate 
Urine toxicology screen 


Disturbance of Hemoglobin 
Hemoglobin concentration 
Hemoglobin electrophoresis 


Inflammatory Disturbances 

ESR 

ANA, RF 

CSF studies: glucose, protein, cell counts, special stains, cultures 
Lipid and lipoprotein disturbances 

serum triglycerides 

serum cholesterol: if high, obtain fasting HDL 


Cardiovascular Assessment 
ECG 
Standard and transesophageal echocardiogram 


ANA, antinuclear antibodies; CSF, cerebrospinal fluid; CT, computed 
tomography; ECG, electrocardiography; ESR, erythrocyte 
sedimentation rate; HDL, high-density lipoproteins; MRA, magnetic 
resonance angiography; MRI, magnetic resonance imaging; MTHFR, 
methyltetrahydrofolate reductase; PT, prothrombin time; PTT, partial 
thromboplastin time; RBC, red blood cell; RF, rheumatoid factor; 
WBC, white blood cell. 
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The resultant sudden rise in systemic blood pressure is thought to 
precipitate SAH. Ischemic lesions have also been found. Nonetheless, 
intracranial hemorrhage appears to occur more commonly than ische- 
mic infarction. 


Causes of Stroke Unrelated to Age 

Pharyngeal Infection 

Pharyngeal infections have been associated with stroke caused by 
thrombotic occlusion of the carotid arteries in their cervical course. In 
childhood, stroke resulting from carotid occlusion more commonly 
occurs in the intracranial segment of the carotid artery. Infections of 
the cervical region such as tonsillitis, pharyngitis, cervical lymphadeni- 
tis, and necrotizing fasciitis have been found in children experiencing 
acute hemiplegia. In these instances, angiography has shown occlusion 
of the internal carotid artery located in its cervical segment. Neuroim- 
aging has demonstrated ischemic infarction of the cortical region 
served by the middle cerebral artery, which arises from the carotid 
circulation. It is speculated that the soft tissue infection leads to an 
inflammatory arteritis. Vessel wall inflammation and direct pressure 
on the artery then lead to intravascular thrombosis and occlusion. 
Neurologic symptoms are noted in a patient with evidence of infection: 
fever, lethargy, sore throat or neck, difficulty swallowing, or cervical 
lymphadenopathy. 


Head and Neck Trauma 


Head and neck trauma is an important cause of stroke in children. 
Neurologic symptoms may be delayed more than 24 hours in their 
appearance in relation to the time of the inciting trauma. Stroke caused 
by carotid artery injury has been well documented. Most often, these 
cerebrovascular events occur after head and neck trauma sustained in 
motor vehicle accidents, bicycle accidents, fights, or falls. Hemiparesis 
is a common symptom at presentation if the cause resides in the 
carotid artery. Carotid angiography reveals internal carotid artery 
occlusion. The site of occlusion most often exists at the level of the 
carotid bifurcation. Pathologically, an intimal tear is found with atten- 
dant thrombus blocking the arterial lumen. In some cases, arterial 
dissection is found. 


Vertebral artery injury from trauma may cause stroke in children. 
Traction injuries of the neck appear to cause vertebral artery injury. 
The vertebral artery is most vulnerable to traumatic injury at its atlan- 
toaxial portion. The resultant strokes occur in the vertebrobasilar 
portion of the cerebral circulation. Symptoms are referable to the 
structures receiving blood from this system: brainstem, cerebellum, 
occipital lobes, and temporal lobes. Clinical symptoms of vertebrobasi- 
lar stroke include difficulty swallowing, ataxia, facial weakness, tinni- 
tus, vertigo, anisocoria, extraocular movement palsies, dysmetria, 
cortical blindness, and mental status changes. Because both the long 
sensory and the motor tracts course through the brainstem, symptoms 
of general sensorimotor impairment may be found. Vertebral artery 
injury in children has been reported in the setting of athletic endeavor 
or automobile accidents. The resultant vertebrobasilar strokes are 
caused by thrombosis or vertebral artery dissection. 


Migraine Headache 


Stroke may occur in the setting of migraine headache. The occurrence 
of focal motor deficits during a migraine headache denotes compli- 
cated migraine (see Chapter 28). Acute hemiparesis has been well 
documented during these episodes and is believed to reflect the 
involvement of the cerebral circulation derived from the carotid artery. 
Symptoms such as ataxia, cortical blindness, and cranial nerve dys- 
function are correlated with vertebrobasilar circulation involvement. 
Focal symptoms may be fixed or may occur as TIAs. 

Initially, an association between migrainous stroke and discharged 
emboli from mitral valve prolapse was hypothesized, but studies have 
not supported the association. Although oral contraceptives confer 
hypercoagulability thought to predispose to stroke, the postulated 
additive risk for stroke with migraine headaches and oral contracep- 
tives has been challenged. Angiographic studies on patients with focal 
deficits consistent with stroke in the setting of migraine headache 
reveal vasoconstriction of vessels in either the vertebrobasilar or the 
carotid circulations. The anatomic position of the constricted vessels 
correlated with the location of the observed deficits. Ischemia pro- 
voked by vasoconstriction during prolonged migraine has been 
hypothesized as the mechanism of stroke in these patients. 


In the neonate and older infant, hypotonia is more commonly associ- 
ated with systemic diseases that indirectly affect the central nervous 
system. However, various disorders are related to the nervous system 
and necessitate immediate attention. Meningomyelocele is usually dis- 
covered by prenatal fetal ultrasonography or at birth. Like an encepha- 
lopathic infant, any child with an acute neurologic process needs a 
thorough investigation. Hypotonia and weakness can arise from dys- 
function at many potential sites of the nervous system. An accurate 
diagnosis requires careful anatomic localization. 

Ascending motor weakness with absence of deep tendon reflexes 
that develops over a few days suggests GBS and is a medical emergency. 
In addition, spine pain, a motor-sensory level, bowel and bladder dys- 
function, and upper motor neuron signs strongly suggest a lesion in 
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the spinal cord and constitute a medical and possibly a surgical 
emergency. 

Acute hemiplegia most frequently represents stroke. Because stroke 
occurs most often in children as a consequence of an underlying 
process, the clinician should evaluate the patient carefully to determine 
whether such a predisposing condition exists. 

Red flags in children with stroke include manifestations of underly- 
ing primary processes (e.g., trauma, medications, inborn errors of 
metabolism, malignancy, coagulopathy), depressed level of conscious- 
ness, a positive family history of early-onset stroke (younger than 30 
years), signs of increased intracranial pressure (see Chapter 31), a 
carotid bruit, hypertension, and the presence of prior TIAs. 
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Paroxysmal Disorders 


Priya Monrad 


INTRODUCTION 


Paroxysmal neurologic symptoms are often referred to by the generic 
term “spells”; these paroxysmal events can be neurologic, cardiovascu- 
lar, or gastrointestinal in origin. Most paroxysmal neurologic symp- 
toms can be properly evaluated, diagnosed, and managed by following 
a systematic approach. A detailed history will often be sufficient to 
make the diagnosis or to significantly narrow down the diagnostic 
differential. A few well-selected tests will then allow the physician to 
correctly diagnose and treat the child. The physician should aim first 
to assess for signs of serious or emergent neurologic disease, and 
second to form a differential diagnosis to guide further investigations 
and treatment (Fig. 30.1). 


$ History 


A careful description of the event or events from beginning to end, 
including re-enactments by the parents of any unclear physical symp- 
toms, is critical. 

Pertinent questions include: 

° Was this the first such event, or have there been multiple events? 

e Is there a single type of event, or multiple events? 

e What was the child doing at the time of each spell—were they 
awake, asleep, playing, or sitting quietly? 

° If they were asleep, how long had they been asleep, or what time of 
day or night did the spell occur? 

° If abnormal tone or movements were involved, was the child rigid 
or limp, and which limbs were involved? Were the movements 
rhythmic and synchronous, or were they alternating, migratory, or 
stop-start? 

° If the child was unresponsive or had alteration of awareness, what 
did the parents do to ascertain their level of responsiveness? Did 
the parents try touching them to regain their attention, or merely 
call their name? 

° How long did the event last, and how did the child behave 
afterward? 

e Did the child describe any symptoms prior to the onset of the actual 
event, or was there any abnormal behavior that the parents wit- 
nessed prior to the event? 

° Were there any signs or symptoms of illness associated with the 
spell? Were any fevers documented? 

° Has there been any behavioral, developmental, or academic regres- 
sion since the start of the events? 

° Is the child developmentally normal? If not, has the child’s develop- 
ment always been abnormal, or was there a regression at some 
point? 

° Were there any problems during pregnancy or the delivery? 

e Has the child ever had a significant head injury or central nervous 
system (CNS) infection? 
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° Is there any family history of similar events, or any other neurologic 
disorders? 
Parents frequently record videos of these spells on their mobile 
devices, which are ideal for the physician to review. 


$ Physical Examination 


The physician should compare vital signs, including blood pressure 
and head circumference, to previous measurements if possible. Ele- 
vated blood pressure can be indicative of pain, anxiety, increased intra- 
cranial pressure, or hypertensive encephalopathy. Hypotension may 
suggest syncopal events or sepsis. Dramatic increases in head circum- 
ference in infants may indicate intracranial pathology. 

A general physical examination, including the cardiopulmonary 
and abdominal examinations, should be performed; abnormalities 
may indicate a nonneurologic cause for spells. Dysmorphic features 
or cutaneous findings can provide clues toward an underlying 
syndrome. 

An ophthalmologic examination can be as simple as obtaining a 
red reflex and observation of eye movements in young children. Eye 
movements may be observed by having the patient track a moving 
object or toy; abnormalities such as deviation, nystagmus, or new- 
onset limitations in range of motion may indicate a structural cause 
for the spells such as hydrocephalus or a mass lesion. In cooperative 
older children, the physician should attempt a funduscopic examina- 
tion. Papilledema is a clue to increased intracranial pressure but 
unfortunately is only readily appreciable after 2-3 weeks of increased 
intracranial pressure; it will not be present with acute disturbances 
leading to increased intracranial pressure. 

The child will provide important information about their mental 
status and developmental status through simple conversation. Con- 
versations about toys, school, or family members in the room can 
provide information about orientation, aphasia, dysarthria, and fund 
of knowledge for age. If there are any questions about whether any 
facial asymmetry is new-onset, parents may be able to provide old 
photographs; most people have some degree of facial asymmetry at 
baseline that may only be noticed after a frightening event causes the 
parents to observe the child more closely. 

Muscle strength can be ascertained by manual testing in a coopera- 
tive older child, or observing natural play or strength of resistance to 
examination in a younger child. If a child can easily perform age- 
appropriate actions such as crawling, walking, running, climbing, or 
grabbing for objects, and strongly resists examination, they are fairly 
likely to have grossly normal strength in their major muscle groups. 
Tone can be checked by passively moving the patient’s limbs, or sus- 
pending an infant in your hands to check if they start to slide through 
your grip. Low tone (hypotonia) can also be detected by observing gait 
or observing how the child sits; “W”-sitting (sitting with knees together 
and heels outside of their hips) may be another clue. Low strength 


Did the child have a seizure? 


No Yes 
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Initial Seizure 

Fasting blood sugar, 
calcium, metabolic 
studies dictated by 
history and physical: 
EEG, CT scan, MRI, 
CSF examination 


Benign paroxysmal 
vertigo 

Breath holding 

Cough syncope 

Familal choreoathetosis 

Hereditary chin trembling 

Shuddering attacks 

Narcolepsy 

Night terror 
pseudoseizures 

Rage attack 

Benign myoclonus of 


infancy 
Tics Studies and Examination 
Abnormal Normal Normal (except EEG) 
Symptomatic seizures Isolated flrst seizure Consider drug therapy 


with normal EEG 
Negative family history 
No continuous drug 
treatment 
Close observation 
Prescribe rescue 
medications (rectal 
diazepam) for 
seizures longer than 
5 min 


Treat underlying cause 
(hypoglycemia, urea 
cycle abnomality, 
meningitis. temporal 
lobe tumor, etc.) 

Antiepileptic drugs if 
necessary 


Follow-up 


Recurrent Seizures 

Drug compliance? 

Improper dose? 

Incorrect drug? 

Metabolic disorder? 
Underlying structural lesion? 
Drug interaction? 

CNS degenerative disease? 
Intractable seizures? 


FIGURE 30.1 Approach to the child with a 
suspected convulsive disorder. CBC, complete 
blood count; CNS, central nervous system; CSF, 
cerebrospinal fluid; CT, computed tomography; 
EEG, electroencephalography; MRI, magnetic 
resonance imaging. 


Good Control 


Poor Control 


Regular follow-up 
Antiepleptic drug levels 
monitor toxicity (CBC, 
liver function, 
behavioral, learning) 
EEG as indicated 


Consider hospitalization 

Prolonged EEG 
recording and video 
monitoring for 
possible epilepsy 
surgery candidacy 

Readjust medication 

Reconsider underlying 
pathology with 
reinvestigation with 
CT or MRI 


Frequent follow-up 


(weakness) should be distinguished from hypotonia or ataxia; an 
example of normal strength but low tone might be an infant with 
motor delays and head lag who vigorously opposes examination; a 
child with normal strength but ataxia might vigorously oppose exami- 
nation but cannot accurately reach to push away the examiner. 

A normal physical examination does not rule out the presence of a 
neurologic disorder, but generally indicates a disorder that does not 
require immediate intervention and that more time can be spent care- 
fully evaluating all diagnostic possibilities. In children with baseline 
neurologic abnormalities, such as children with cerebral palsy, knowl- 
edge of their base line physical examination, abilities, and behavior is 
critical in deciding how urgently they need to be evaluated further. 
Parents can be very helpful in determining a child’s baseline behavior 
in this case. 


RED FLAGS 


After obtaining a history of the events, the presence of “red flags” in 
the history or examination should strongly prompt referral to the 
emergency room: 


Increased Intracranial Pressure or Large 
Intracranial Mass 


° Hypertension and bradycardia 

° 3rd or 6th nerve palsy; anisocoria, ptosis, diploplia 

° Forced-seeming and persistent downward deviation of both eyes 
(tonic downward gaze deviation) 

° Papilledema 

° Severe vomiting that is exquisitely positional (i.e., strongly pro- 
voked by the transition from lying to sitting) 

° Engorged scalp veins 

° Bulging fontanel or split cranial sutures in an infant 

° Presence of a ventriculoperitoneal shunt (VP shunt) with any of 
the above symptoms should prompt concern about shunt 
malfunction 


Ongoing Status Epilepticus 

° Waxing and waning responsiveness after a convulsive seizure has 
ended, particularly with periods of complete unresponsiveness 

e Persistent eye deviation after a convulsive seizure has ended 
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e Persistent tachycardia after a convulsive seizure has ended 
° Persistent confusion or delirium, even if the child is able to speak 
and walk 


Stroke or Complicated Migraine 


° Focal weakness or numbness, particularly if accompanied by 
slurred speech or confusion (if the spell is remote and the patient 
has returned to a normal baseline, suggest expedited referral to a 
neurologist) 


Meningitis 

° Fever 

e Nuchal rigidity 

e Positive Kernig or Brudzinski signs 
° Bulging fontanel 


The following red flags should prompt an urgent or even emergent 
referral to a pediatric neurologist, including direct communication 
with a neurologist for proper triaging: 

° Infantile spasms 

° Clusters of abdominal “crunches” or “startles,” particularly when 
the child is falling asleep or waking up from sleep 

° Developmental plateau or regression 

° Loss of visual attentiveness 


Any developmental regression in infants or toddlers that has been 
present for more than 1 month (or sooner, for dramatic or progressive 
regressions) is concerning; change in handedness after 4-5 years of age 
is also a red flag. 


PAROXYSMAL SPELLS OF ALTERED BEHAVIOR 
OR MOVEMENT 


Paroxysmal neurologic symptoms can have neurologic, psychiatric, 
pulmonary, cardiovascular, or gastrointestinal causes. For this reason, 
during the investigation of a paroxysmal event, generic terms such 
as “spells,” “convulsions,” or “altered mental status” are more appro- 
priate to use rather than “seizures,” which implies a very specific 
etiology and may falsely eliminate diagnostic possibilities. Witnesses 
may use terms such as “grand mal,” “petit mal,” or even “generalized 
tonic-clonic” (GTC) to describe events; these descriptors should not 
be taken at face value or thought to only describe epileptic 


seizures. 


EPILEPTIC SEIZURES 


An epileptic seizure is a paroxysmal alteration in behavior, motor func- 
tion, and/or autonomic function occurring in association with exces- 
sive synchronous neuronal activity in the CNS. Seizures may be 
considered “provoked” or “unprovoked,” referring to whether they 
were precipitated by an acute cause such as illness, concussion, meta- 
bolic derangement, or toxic ingestion. The term “symptomatic” refers 
to whether the seizures represent a symptom of a known chronic dis- 
order, such as a structural, genetic, or metabolic abnormality. Epilepsy 
is a disorder in which there are recurrent unprovoked epileptic seizures 
(Table 30.1). 

Epileptic seizures must be clearly distinguished from nonneuro- 
logic paroxysmal disorders caused by psychiatric, cardiovascular, pul- 
monary, or gastrointestinal causes. There are also paroxysmal disorders 
that are neurologic but nonepileptic in nature, such as tics, dystonias, 
stereotypies, or other movement disorders. The correct diagnosis is 
critical to avoid unnecessary testing, interventions, and medication 


trials. However, multiple types of events, both epileptic and nonepi- 
leptic, may occur in the same patient, necessitating that each spell be 
properly characterized. 


EPIDEMIOLOGY AND CAUSES OF SEIZURES 
AND EPILEPSY 


If febrile seizures are included, approximately 3.5% of children experi- 
ence some kind of seizure by the age of 15 years; most seizures occur 
before the age of 3 years. The majority of children who present with a 
seizure do not have or will not develop epilepsy. Many children pre- 
senting with a seizure have febrile convulsions, which are a provoked, 
age-dependent paroxysmal neurologic condition; 13% of children with 
seizures have acute symptomatic seizures other than febrile convul- 
sions; and 8% have single, unprovoked seizures of unknown cause. The 
incidence of acute symptomatic seizures is highest in the 1st year of 
life; the most common causes of these predominantly neonatal seizures 
are infection and metabolic disorders. After age 4 years, head injury is 
the most common cause of acute symptomatic seizures, and infection 
is the next most common. 

The incidence of epilepsy among children younger than 15 years 
is 45-85/100,000 in developed countries. It is highest in younger chil- 
dren; in those younger than 1 year, it is ~100/100,000. The prevalence 
of active epilepsy in patients taking antiepileptic drugs (AEDs) is 
between 4.3 and 9.3/1000, or about 0.5-1% of the population. Tradi- 
tionally, between 60% and 80% of children with epilepsy have no 
identifiable etiologic factors for the disease; however next-generation 
gene sequencing technology has moved the estimated underlying 
genetic etiology to approximately 40%. Of those children in whom a 
cause is identified, population-based studies report the following pre- 
sumed causes: infection in 5%; head trauma in 3%; and miscellaneous 
causes (tumors, malformations of cortical development, vascular mal- 
formations, and cerebral infarction) in 2%. Epilepsy is found in asso- 
ciation with other long-standing neurodevelopmental abnormalities 
in 13% of children. 


GENETICS 


It is estimated that a genetic etiology underlies epilepsy in approxi- 
mately 40% of individuals. In some circumstances, unique clinical 
phenotypes can be a guide to the underlying etiology. Apnea or sys- 
temic shock requiring intubation and ventilation is seen in severe 
metabolic epileptic encephalopathic syndromes such as nonketotic 
hyperglycinemia, pyridoxine-5’-phosphate oxidase deficiency, molyb- 
denum cofactor deficiency, pyridoxine-dependent epilepsy, Leigh syn- 
drome, congenital neuronal ceroid lipofuscinosis, and atypical MECP2. 
The characteristic syndactyly of the 2nd and 3rd toes is seen in steroid 
metabolism disorders, Smith—Lemli—Opitz syndrome in particular, 
which additionally has associated genitourinary tract abnormalities. 
Skin exanthems are highly suggestive of biotinidase deficiency. Atypi- 
cal coarse or thin hair and wormian bones are seen in copper disorders 
such as Menkes syndrome. Cardiomyopathy is characteristic of mito- 
chondrial disorders including Barth syndrome and fatty acid oxidation 
disorders and is also seen in RASopathies and cobalamin C deficiency. 
Atypical fat distribution and a prominent suprapubic fat pad are seen 
in congenital disorders of glycosylation. The value of genetic testing 
and the circumstances in which genetic testing should be offered varies 
widely between centers. Gene panels are available that provide sequenc- 
ing information from 20 genes to greater than 400 genes dependent on 
the commercial testing facility being utilized. Heterogeneity is mostly 
responsible for this variability in clinical testing; 1 gene can cause 
various types of seizure disorders (clinical heterogeneity), or a specific 


TABLE 30.1 


Self-Limited Seizure Types 


Focal Seizures 
Focal sensory seizures 
e With elementary sensory symptoms (e.g., occipital and parietal lobe 
seizures) 
e With experiential sensory symptoms (e.g., temporoparietooccipital 
junction seizures) 
Focal motor seizures 
e With elementary clonic motor signs 
With asymmetric tonic motor seizures (e.g., supplementary motor 
seizures) 
With typical (temporal lobe) automatisms (e.g., mesial temporal lobe 
seizures) 
With hyperkinetic automatisms 
With focal negative myoclonus 
With inhibitory motor seizures 
Gelastic seizures 
Hemiclonic seizures 


Types of Epileptic Seizures 


Secondarily generalized seizures 
Reflex seizures in focal epilepsy syndromes 


Generalized Seizures 
Tonic-clonic seizures (includes variations beginning with a clonic or myoclonic 
phase) 
Clonic seizures 
e Without tonic features 
e With tonic features 
Typical absence seizures 
Atypical absence seizures 
Absence with special features: 
e Eyelid myoclonia 
e Myoclonic absence 
Tonic seizures 
Myoclonic seizures 
Myoclonic atonic seizures 
Negative myoclonus 
Atonic seizures 
Reflex seizures in generalized epilepsy syndromes 
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Unknown 

Epileptic Spasms 

Continuous Seizure Types 
Generalized status epilepticus 
Generalized tonic-clonic status epilepticus 
Clonic status epilepticus 

Absence status epilepticus 

Tonic status epilepticus 

Myoclonic status epilepticus 


Focal Status Epilepticus 

Epilepsia partialis continua of Kojevnikov 
Aura continua 

Limbic status epilepticus (psychomotor status) 
Hemiconvulsive status with hemiparesis 


Precipitating Stimuli for Reflex Seizures 
Visual stimuli 
e Flickering light—color to be specified when possible 
e Patterns 
e Other visual stimuli 
Thinking 
Music 
Eating 
Praxis 
Somatosensory 
Proprioceptive 
Reading 
Hot water 
Startle 


Modified from Berg AT, Berkovic SF, Brodie MJ, et al. Revised terminology and concepts for organization of seizures and epilepsies: report of 
the ILAE commission on classification and terminology, 2005-2009. Epilepsia. 2010;51:676-685. 


subtype of seizure may have several genes with causal associations 
(genetic heterogeneity). Gene panels are designed to group disorders 
with common ages of onset and phenotypic characterizations together, 
thereby offering broad coverage in a cost-effective manner. There are 
circumstances in which targeted sequencing is still warranted (Tables 
30.2 and 30.3). 

Whole-exome sequencing should not be considered “end of the 
line” or “last resort,” as the window of opportunity for targeted inter- 
vention may pass while more conventional options are investigated in 
the interim. This is particularly relevant in new-onset intractable or 
refractory seizures. There are several cases reported with digenic 
seizure disorders or rare metabolic disorders that will not be easily 
detected through more routine metabolite analysis, but benefit from 
early targeted intervention to reduce morbidity and improve overall 
quality of life. The general consensus for evaluating patients with sus- 
pected congenital disorders of glycosylation, mitochondrial disorders, 
or otherwise complex atypical disorders is to utilize exome sequencing 
as a first-line diagnostic test, with yields of up to 30% in these 
circumstances. 


SEIZURE CLASSIFICATION AND TERMINOLOGY 


Seizures are characterized according to their clinical semiology and 
presumptive etiology (see Table 30.1). Seizures can be difficult to clas- 
sify and identify without a careful description of their onset, unfolding, 
and aftermath. Multiple seizure types may have the same brief general 
description, such as “twitching” or “staring.” Without further details as 
to duration, additional symptoms, and postictal behavior, they may be 
incorrectly classified as to type, even if they are accurately determined 
to be seizures. This is clinically relevant because improper classification 
can lead to inappropriate treatment; for example, some antiepileptic 
medications for focal seizures will exacerbate generalized seizures. 
Clonic movements are rhythmic, nonsuppressible, position- 
independent jerking movements (low frequency, high amplitude) 
caused by involvement of the motor cortex. They can be unilateral or 
bilateral, and can start with 1 body part and spread. If bilateral, they 
are synchronous, and do not alternate from 1 side to the other in a 
bicycling fashion. This should be distinguished from clonus, which 
is rhythmic twitching of a limb, generally the foot, caused by 
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TABLE 30.2 Clinical Conditions for 
Targeted Gene Sequencing 


Targeted 
Gene 
Sequencing 


SCNIA 


Advantage of 


Clinical Condition Testing 


Avoidance of sodium 
channel blockers, 
aggressive seizure 
management, 


Dravet syndrome. Consider 
testing for recurrent 
episodes of febrile status 
epilepticus, intractable 
tonic—clonic seizures justification of 
during the 1st year of life, Stiripentol, bromides, 
epileptic encephalopathy etc. 
attributed to vaccination, 
and adults with a history 
consistent with Dravet 
syndrome 


EDS Females presenting with 
multiple clusters of brief 
febrile seizures and 
developmental delay or 
regression, particularly if 
there is a family history 
consistent with paternal 


transmission 


Prognosis and potential 
forthcoming treatment 
options 


SLOZAT Onset of absence seizures Initiation of a ketogenic 
<A yr old, particularly if diet 
there is a family history 
of paroxysmal exercise- 


induced dyskinesia 


Prior to starting valproic 
acid in patients with 
drug-resistant seizures 
and developmental delay 
Or regression 


Avoidance of potentially 
fatal liver failure 
starting as early as 
2 mo after initiation 
of valproic acid 
therapy 


HLA-B* 1502 Avoidance of a 
potentially fatal 
reaction (Stevens- 
Johnson syndrome/ 
toxic epidermal 


necrolysis) 


Prior to starting 
carbamazepine, 
oxcarbazepine, phenytoin, 
and lamotrigine in 
patients of Asian descent 


Modified from Ream MA, Patel AD. Obtaining genetic testing in 
pediatric epilepsy. Epilepsia 2015:56:1505-1514. 


hyperreflexia and lack of descending cortical inhibition due to CNS 
injury such as is seen in cerebral palsy or stroke. This is generally pro- 
voked by movement, excitement, and positioning, and can be sup- 
pressed or halted by gently repositioning the affected limb. There is no 
alteration of alertness with clonus. In newborns, jitteriness (high fre- 
quency, low amplitude) may also be mistaken for clonic seizure activ- 
ity; this tends to be stimulus-provoked and suppressible. 

The term tonic refers to a change in tone as a manifestation of 
seizure activity, which clinically presents as stiffening or arching. This 
can occur as the only manifestation of a seizure (tonic seizure), or may 
be followed by clonic jerking, which is the so-called tonic-clonic 
seizure (GTC or grand mal). Atonic seizures refer to seizures where a 
sudden, brief loss of tone in the neck or entire body causes a head nod 
or fall to the ground. This type of seizure must be distinguished from 
falls due to complete loss of consciousness or those due to tonic stiffen- 


ing of the entire body. With atonic seizures, the loss of tone is sudden 
but brief, and the patient is quickly responsive afterward. 

Automatisms are semipurposeful movements that usually occur 
with impairment of consciousness either during or after a seizure, and 
can be very useful for identifying a spell as a seizure. They may be a 
perseveration of an activity in progress at ictal onset, such as turning 
pages of a book, or novel semipurposeful movements arising during 
the seizure. These novel movements are most often a mixture of mas- 
ticatory, oral, and lingual movements (lip smacking or grimacing) and 
simple fragmentary limb movements, such as fidgeting with a held 
object or pulling at clothing. In infants, orofacial automatisms are 
more likely than complex gestures and must be distinguished from the 
normal behavior of infants. Automatisms can both be seen in focal 
seizures, specifically those of temporal lobe onset, as well as in some 
generalized seizures, specifically absence epilepsy, so they are not spe- 
cific to a broad category of seizure. 

Impairment of consciousness, defined as an alteration in aware- 
ness of external stimuli, may be combined with a complete loss or 
impairment of responsiveness to external stimuli. Assessment of con- 
sciousness during seizures is often difficult, particularly in young chil- 
dren. It is possible to be unresponsive because of an inability to speak 
or articulate clearly (aphasia, apraxia, or paralysis). It is also possible 
to be responsive to external stimuli, but to have altered awareness, often 
demonstrated by complete amnesia for events immediately before, 
during, or after the seizure, which implies that memory was not 
acquired during the seizure because of ongoing neuronal dysfunction. 
It is possible to have complex motor behaviors without loss of com- 
plete awareness or amnesia; frontal lobe seizures commonly have this 
presentation, and must be carefully distinguished from nonepileptic 
events. Both focal and generalized seizures can be associated with 
impairment of consciousness; the term dyscognitive is used to describe 
this symptom. 

Seizure etiology was previously divided into idiopathic, cryptogenic, 
and symptomatic. There were also separate categories for infantile 
spasms and neonatal seizures. The terms genetic, structural, metabolic, 
and unknown are currently used to characterize presumptive etiologies 
(Table 30.4). 


FOCAL SEIZURES 
Localization-Related Seizures, Partial Seizures 


Focal seizures are seizures in which the first clinical and electroen- 
cephalogram (EEG) changes indicate initial activation of a system of 
neurons limited to part of 1 cerebral hemisphere. The clinical symp- 
toms and signs of focal seizures reflect the functional anatomy of the 
region of the brain undergoing the abnormal neuronal discharge. 

When consciousness is impaired, this was historically known as a 
complex partial seizure; if there is no apparent loss of consciousness, 
this was known as a simple partial seizure. These terms have been 
replaced by the more descriptive terms focal seizure with impairment 
of consciousness or focal dyscognitive seizure in the case of complex 
partial seizures, and focal seizure without impairment of conscious- 
ness for simple partial seizures. 

An aura is the portion of a seizure that is experienced before any 
loss of consciousness. Some auras can be difficult for a patient to 
describe; asking them if they know a seizure will happen before it 
happens, even if they cannot articulate precisely what they are experi- 
encing, is one way to approach the topic. Examples of auras include 
an epigastric rising sensation; nausea; visual, auditory, or olfactory 
hallucinations; or limbic symptoms such as fear or a sensation of déja 
vu. An aura may be suspected in very young children if there is a 
change in behavior before seizures, such as interrupting an activity to 
seek out parents, or complaining of abdominal pain. The presence of 


TABLE 30.3 Identified Genes for Epilepsy Syndromes 


Epilepsy Type 


Infantile Onset 
Benign familial neonatal seizures 


Benign familial neonatal infantile seizures 
Early familial neonatal infantile seizures 
Early infantile epileptic encephalopathy (EIEE) 


Generalized epilepsy with febrile seizures plus 
(early onset) 


Childhood Onset 
Childhood-onset epileptic encephalopathies 


Early-onset absence seizures, refractory epilepsy of 
multiple types, at times with movement disorder 


Generalized epilepsy with febrile seizure plus 


Juvenile myoclonic epilepsy (more commonly 
presents in adolescence) 


Progressive myoclonic epilepsy (different forms 
present from infancy through adulthood) 


Autosomal dominant nocturnal frontal lobe 
epilepsies (presents in childhood through 
adulthood) 


Gene 


KCNQ2 
KCNQ3 


SCNZA 
SCNZA 


CDKI 5 (EIEE2) 
ARX (EIEE1) 
TSC1 

TSC2 

SCNIA (EIEE6) 
PCDH19 (EIEE9) 
KCNO2 (EIEE7) 
STXBP1 (EIEE4) 
SLC2A1 
ALDH7A1 

POLG 

SCN2A (EIEE11) 
PLCB1 (EIEE12) 
ATP6AP2 
SPTANI (EIEES) 
SI C25A22 (EIEE3) 
PNPO 


SCNTA 
SCN1B 
GABRG2 
SCNZA 


SCNIA 
PCDHTO 
SLC2A1 
POLG 
SCN2A 


GLUT-1 deficiency syndrome, 


SLCZA1 gene 


SCNIA 
SCN1B 
GABRG2 
SCNZA 


ERACI 
CACNB4 
GABRA1 


EPMZA 
NHLRC1 
Cole 
PRICKLE1 


ei Is tte MINS CENS FCENG, 
CLN8, CTSD, DNAJC5, MFSD8 


CHANA4 
CHANB2 
CHANA2 
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Protein 


Potassium voltage-gated channel 
Potassium voltage-gated channel 


sodium channel protein type 20 
sodium channel protein type 20 


Cyclin-dependent kinase-like 5 
Aristaless-related homeobox 

Hamartin 

Tuberin 

Sodium channel protein type 10 
Protocadherin-19 

Potassium voltage-gated channel 
syntaxin binding protein 1 

Solute carrier family 2, facilitated glucose transporter member 1 
o-Aminoadipic semialdehyde dehydrogenase (antiquitin) 
DNA polymerase subunit y1 

Sodium channel protein type 20 
Phospholipase C B1 

Renin receptor 

Q,-Spectrin 

Mitochondrial glutamate carrier 1 
Pyridoxine-5’-phosphate oxidase 
Sodium channel protein type 10 
Sodium channel protein type 18 
y-Aminobutyric acid receptor subunit y2 
Sodium channel protein type 20 


Sodium channel protein type 10 
Protocadherin-19 

Solute carrier family 2, facilitated GIM1 
DNA polymerase subunit y1 

sodium channel protein type 20 


Solute carrier family 2, facilitated GIM1 


Sodium channel protein type 10 
Sodium channel protein type 18 
y-Aminobutyric acid receptor subunit y2 
sodium channel protein type 10 


EF-hand domain-containing protein 1 
Voltage-dependent L-type calcium channel 
y-Aminobutyric acid receptor subunit œ1 


Laforin 

NHL repeat-containing protein 1 (malin) 

Cystatin-B 

Prickle-like protein 1 

Multiple proteins causing neuronal ceroid lipofuscinosis 


Neuronal acetylcholine receptor o4 
Neuronal acetylcholine receptor B2 
Neuronal acetylcholine receptor a2 


Continued 


TABLE 30.3 


Epilepsy Type 
Adolescent Onset 
Juvenile myoclonic epilepsy (JME) 


Progressive myoclonic epilepsy (PME) 
Autosomal dominant nocturnal frontal lobe 


epilepsies (AD-NFLE) 


Autosomal dominant lateral temporal lobe epilepsy 


(usually presents in adulthood) 


Gene 
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Identified Genes for Epilepsy Syndromes—cont’d 


Protein 


See Childhood-Onset JME 


LG/1 


See Childhood-Onset PME 
See Childhood-Onset AD-NFLE 


Leucine-rich glioma-inactivated protein 1 


*Note that the same gene (different mutations) often appears as causing different epilepsy syndromes. 
‘Most of these genes can be tested for through commercially available targeted single-gene sequencing or through commercially available gene 
panels or though exome sequencing (http:/Awww.ncbi.nim.nih.gov/sites/GeneTests/review ?db=genetests). 


TABLE 30.4 Suggested Scheme for an Etiologic Classification of Epilepsy 


Main Category 
Idiopathic epilepsy 


symptomatic epilepsy 
Predominantly genetic or 
developmental causation 


Predominantly acquired 
causation 


Provoked epilepsy 


Cryptogenic epilepsies’ 


Subcategory 


Pure epilepsies due to 
Single-gene disorders 


Pure epilepsies with complex 
inheritance 


Childhood epilepsy syndromes 
Progressive myoclonic epilepsies 


Neurocutaneous syndromes 
Other neurologic single-gene 
disorders 


Disorders of chromosome 
function 


Developmental anomalies of the 
cerebral structure 


Hippocampal sclerosis 
Perinatal and infantile causes 
Cerebral trauma 

Cerebral tumor 

Cerebral infection 
Cerebrovascular disorders 


Cerebral immunologic disorders 


Degenerative and other 
neurologic conditions 


Provoking factors 


Reflex epilepsies 


Examples* 


Benign familial neonatal convulsions; autosomal dominant nocturnal frontal lobe 
epilepsy; generalized epilepsy with febrile seizures plus; severe myoclonic epilepsy of 
childhood; benign adult familial myoclonic epilepsy 

Idiopathic generalized epilepsy (and its subtypes); benign partial epilepsies of childhood 


West syndrome; Lennox-Gastaut syndrome 

Unverricht-Lundborg disease; dentato-rubro-pallido-luysian atrophy; Lafora body disease; 
mitochondrial cytopathy; sialidosis; neuronal ceroid lipofuscinosis; myoclonus renal 
failure syndrome 

Tuberous sclerosis; neurofibromatosis; Sturge-Weber syndrome 

Angelman syndrome; lysosomal disorders; neuroacanthocytosis; organic acidurias and 
peroxisomal disorders; porphyria; pyridoxine-dependent epilepsy; Rett syndrome; urea 
cycle disorders; Wilson disease; disorders of cobalamin and folate metabolism 

Down syndrome; fragile X syndrome; 4p— syndrome; isodicentric chromosome 15; ring 
chromosome 20 

Hemimegalencephaly; focal cortical dysplasia; agyria-pachygyria-band spectrum; 
agenesis of the corpus callosum; polymicrogyria; schizencephaly; periventricular 
nodular heterotopia; microcephaly; arachnoid cyst 


Hippocampal sclerosis 

Neonatal seizures; postneonatal seizures; cerebral palsy 

Open head injury; closed head injury; neurosurgery; epilepsy after epilepsy surgery; 
nonaccidental head injury in infants 

Glioma; ganglioglioma and hamartoma; DNET; hypothalamic hamartoma; meningioma; 
secondary tumors 

Viral meningitis and encephalitis; bacterial meningitis and abscess; malaria; 
neurocysticercosis; tuberculosis; HIV 

Cerebral hemorrhage; cerebral infarction; degenerative vascular disease; arteriovenous 
malformation; cavernous hemangioma 

Rasmussen encephalitis; SLE and collagen vascular disorders; inflammatory and 
Immunologic disorders 

Alzheimer disease and other dementing disorders; multiple sclerosis and demyelinating 
disorders; hydrocephalus and porencephaly 


Fever; menstrual cycle and catamenial epilepsy; sleep-wake cycle; metabolic and 
endocrine-induced seizures; drug-induced seizures; alcohol- and toxin-induced seizures 

Photosensitive epilepsies; startle-induced epilepsies; reading epilepsy; auditory-induced 
epilepsy; eating epilepsy; hot water epilepsy 


*These examples are not comprehensive, and in every category there are other causes. 

"By definition, the causes of the cryptogenic epilepsies are “unknown.” However, these are an important category, accounting for at least 40% 
of epilepsies encountered in adult practice and a lesser proportion in pediatric practice. 

DNET, dysembryoplastic neuroepithelial tumor; HIV, human immunodeficiency virus; SLE, systemic lupus erythematosus. 

From Shorvon SD. The etiologic classification of epilepsy. Epilepsia. 2011;52:1052-1057. 


an aura is traditionally thought to be indicative of a focal seizure 
without impairment of consciousness, as it implies focal cortical dys- 
function, but some studies have reported that up to 64% of patients 
with documented idiopathic generalized epilepsy experience some 
form of aura, possibly due to asymmetric propagation of the dis- 
charges through the thalamocortical networks. 

Nonepileptic events such as migraines or syncope may also have 
a prodrome, further highlighting the value of a comprehensive history 
in distinguishing types of events. 

The progressive symptoms of some seizures after the initial aura 
reflect the spread of the abnormal electrical discharge beyond the 
region of onset, which is why a detailed history is critical for evaluating 
paroxysmal spells and determining the likelihood that they represent 
seizure activity. 

Focal seizures can have motor and/or sensory components, depend- 
ing on which areas of what is termed eloquent cortex become involved 
in the seizure. However, the seizure may originate in a portion of the 
cortex that does not produce obvious physical symptoms (termed the 
silent or noneloquent cortex), and physical signs of the seizure only 
develop if the seizure discharge spreads to involve eloquent cortex. 
Seizures with clear electrical abnormalities but minimal or absent 
physical symptoms are commonly referred to as electrographic seizures 
or subclinical seizures. Subclinical electrographic seizures, particularly 
during sleep, can be associated with deterioration in development, 
behavior, attention, and learning. 

Focal motor seizures produce rhythmic jerking (clonic) movements 
of the limb or limbs contralateral to the primary motor cortex involved. 
Other focal motor seizures include involuntary turning of the head and 
eyes in | direction (version), vocalization, and speech arrest. There may 
be tonic stiffening and extension of the arm ipsilateral to the seizure 
onset. 

Involvement of the sensory cortex produces simple somatosensory 
experiences such as paresthesia or numbness, often with a dysesthetic 
quality, and visual, auditory, olfactory, or gustatory phenomena. Some 
of these sensory phenomena can be quite complex, including struc- 
tured visual hallucinations, sensations of depersonalization, and affec- 
tive symptoms such as anxiety or fear. Epileptic phenomena are a rare 
cause for such phenomena, and a broad differential diagnosis should 
be considered for paroxysmal spells where the primary symptoms are 
sensory or affective. 

As the seizure continues to spread, both cerebral hemispheres may 
become engaged, and there is generalized clonic jerking of the body 
that closely resembles a GTC seizure. These secondarily generalized 
seizures may be mistaken for a generalized seizure if the onset is not 
witnessed. Occasionally after a seizure, there is persistent focal weak- 
ness or hemiparesis known as Todd palsy, which is strongly suggestive 
of a contralateral focal onset to the seizure. 


Generalized Seizures 


Generalized seizures are defined as seizures in which the first clinical 
changes indicate initial involvement of both hemispheres. Motor 
involvement, if present, is bilateral, as are the initial EEG changes. 
Consciousness is impaired in most generalized seizures, but not in all; 
for instance, brief myoclonic seizures and some atonic seizures may 
not be associated with any impairment of consciousness. 

Absence (petit mal) seizures begin with sudden interruption of 
activity and staring; they are usually brief and end abruptly without 
postictal confusion. Simple absence seizures consist of only motion- 
lessness and a blank stare lasting for several seconds, with immediate 
postictal reanimation. Lip-smacking, fumbling, or searching hand 
movements, or convulsive swallowing can appear during longer sei- 
zures, or preictal activities may be continued in a slow, automatic 
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manner. Paroxysmal alterations in autonomic function may also 
accompany absence seizures, including pupillary dilation, pallor, 
flushing, sweating, salivation, piloerection, or a combination of these. 
Absence seizures that are more typically accompanied by eyelid flut- 
tering, facial twitching, or myoclonic jerks of the trunk or extremities 
are referred to as complicated absence seizures. Atypical absence sei- 
zures are described as absence seizures with a less abrupt beginning 
and end, with more pronounced changes in muscle tone, and of longer 
duration. Distinctions should be made between the clinical features of 
absence seizures, focal dyscognitive seizures, and episodic daydreaming 
(Table 30.5). Staring spells that are prolonged beyond 15-20 seconds 
are less likely to represent absence seizures due to incorrect duration. 
Staring spells in infants and toddlers are also unlikely to represent 
absence seizures due to incorrect age of onset. Early-onset generalized 
epilepsy is associated with rare genetic syndromes. Children with pro- 
longed staring spells, particularly starting at a young age, are at higher 
risk of partial-onset seizures or behavioral spells. 

Tonic-clonic seizures are perhaps the most dramatic of the epilep- 
tic seizures. The tonic phase begins with sudden sustained contraction 
of facial, axial, and limb muscle groups, and there may be an initial 
involuntary stridorous cry or a moan secondary to contraction of the 
diaphragm and chest muscles against a partially closed glottis (the ictal 
cry). The tonic contraction is maintained for seconds to 10s of seconds, 
during which time the child falls if standing, is apneic and may become 
cyanotic, may bite the sides of their tongue, and may pass urine. The 
clonic phase of the seizure begins when the tonic contraction is repeat- 
edly interrupted by momentary relaxation of the muscular contrac- 
tion. This gives the appearance of generalized jerking as the contraction 
resumes after each relaxation. At the end of the clonic phase, the body 
relaxes and the patient is unconscious with deep respiration. If roused, 
the patient is confused, may complain of muscle soreness, and usually 
wishes to sleep. 

Myoclonic seizures are sudden, brief, shocklike contractions of 
muscles. They may involve the whole body or a portion of the axial 
musculature such as the face and trunk, or they may be limited to the 
limbs. They can be isolated or repetitive, irregular or rhythmic. Myo- 
clonic seizures arise from the cortex and are associated with a distinct 
EEG pattern. Some forms of myoclonus are of brainstem or spinal 
origin; those occurring without other seizure types are not regarded as 
epileptic myoclonus but thought of as movement disorders. 

Generalized tonic seizures begin in the same way as tonic-clonic 
seizures; a massive generalized contraction produces any combination 
of facial grimacing, neck and trunk flexion or extension, abduction or 
elevation of the arms, and flexion of the hips. Subtle tonic seizures may 
produce only facial grimacing and slight neck and trunk flexion. Tonic 
seizures may be accompanied by pronounced autonomic activity with 
diaphoresis, flushing, pallor, and tachycardia, even when the muscular 
contraction is slight. 

Atonic seizures are characterized by a sudden decrease or loss of 
postural muscle tone. The extent of muscle involvement may vary; an 
atonic seizure may be limited to a sudden head drop with slack jaw or 
may result in a fall because of loss of axial and limb muscle tone. The 
falls are referred to as drop attacks, and because they are unexpected 
and sudden in onset, they often result in injury. 


DIAGNOSTIC EVALUATION OF A 
SEIZURE DISORDER 


Electroencephalographic Studies 


The incidence of EEG epileptiform activity in normal children without 
a history of seizures is very low (<2%); such findings are associated 
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TABLE 30.5 Differential Diagnosis of Episodic Unresponsiveness Without Convulsions 


Clinical 


Frequency 
Duration 


Aura 


Abrupt interruption 
of child’s activity 


Eyelid flutter 


Myoclonic jerks 
Automatisms 
Responsiveness 
Postictal impairment 


MRI 


First-line medication 


Absence Seizures 
Multiple daily 


Often <10 sec, rarely >30 sec 


Not present 


Yes: e.g., speech arrest midsentence; 
pause while eating, playing, or fighting 


Common, often with upward eye 
movement 


Common 


Occur in longer absences, usually mild 


Unresponsive 
None 


Generalized 3-Hz spike-and-wave 
complexes 


Normal 


Valproate, ethosuximide 


Focal Dyscognitive Seizures 


Rarely more than 1-2/day 


Average duration >60 sec, rarely 
<10 sec 


May be present 
Yes 


Uncommon, but may be present 


Uncommon 
Frequent and often prominent 
Unresponsive 


Postictal confusion and malaise is 
typical; drowsiness may also 
occur 


Regional epileptic discharges (most 
often frontal or temporal) 

Focal structural lesions not 
uncommon (e.g., tumor) 

Carbamazepine, phenytoin, 
valproate 


Staring, Inattention 


Daily, situation dependent: e.g., may 
occur only at school 


Seconds to minutes 


Not present 


Activities such as play or eating are not 
abruptly interrupted, no sudden onset 


No 


Not present 

No 

Responds to touch 
No 

Normal 


Normal 


None 


EEG, electroencephalogram; MRI, magnetic resonance imaging. 


with a strong family history of genetic epilepsy. The incidence of recur- 
rent epileptic seizures in patients with focal EEG spikes is 83%. In a 
child with suspected seizures, the finding of focal or generalized epi- 
leptiform activity on the EEG supports a diagnosis of epilepsy, whereas 
multiple negative EEG studies capturing both wakefulness and sleep 
argue against such a diagnosis, and should prompt the physician to 
consider alternative diagnoses and to attempt to record the episodes. 

There are 2 basic types of EEGs: conventional and amplitude- 
integrated. A conventional EEG utilizes 19 or more electrodes distrib- 
uted symmetrically over both hemispheres and along the midline. A 
routine outpatient EEG is run for at least 20 minutes, and more often 
40-60 minutes. A prolonged EEG, or long-term monitoring, is run for 
over 24 hours, and can even be performed for over a week at a time. 
This type of prolonged study can be performed on an ambulatory basis 
at home, or as an inpatient in an epilepsy monitoring unit. Amplitude- 
integrated EEG, by contrast, utilizes only 2 or 4 EEG electrodes, and is 
primarily used in neonatal intensive care units. 

An EEG should always attempt to capture sleep, and most will 
include hyperventilation and photic stimulation, all of which poten- 
tially activate epileptiform discharges, increasing the diagnostic yield. 
Hyperventilation produces absence seizures in about 80% of children 
with childhood absence epilepsy. Intermittent photic stimulation pro- 
duces generalized epileptic discharges in several of the generalized 
epileptic syndromes, but photosensitivity is overall rare in epilepsy. 
Recording during wakefulness and sleep performed after sleep depri- 
vation may have the highest yield. Overnight recording in the hospital 
provides for prolonged sampling of the interictal EEG in wakefulness 
and spontaneous sleep. For any patient with refractory seizures or 
an uncertain diagnosis, the use of video and EEG monitoring is 
usually helpful in clarifying the diagnosis. Defining the exact seizure 
type may lead to modification of drug treatment or consideration 
of epilepsy surgery, or a nonepileptic paroxysmal disorder may be 
discovered. 


A single normal EEG does not definitively exclude a seizure disor- 
der, particularly in people with infrequent seizures or seizures in spe- 
cific contexts, such as illness or sleep. 


Neuroimaging Studies 


Magnetic resonance imaging (MRI) is superior to computed tomog- 
raphy for the evaluation of epilepsy. Any patient with a history or 
examination suspicious for focal-onset epilepsy should have MRI of 
the brain, unless the syndrome is clearly that of benign focal epilepsy 
of childhood with centrotemporal spikes. MRI may also reveal an 
abnormality in patients with symptomatic generalized epilepsy. Func- 
tional neuroimaging is important in the assessment of candidates for 
surgical resection in patients with intractable seizures. When available, 
a 3.0 Tesla MRI of the brain with specific protocols dedicated to epi- 
lepsy evaluation (e.g., proper alignment of the imaging axis with the 
hippocampi) is preferred. 


Evaluation of the First Seizure 


There is no clinical sign or diagnostic investigation that determines 
with certainty whether a child presenting with a first seizure has epi- 
lepsy or has had an isolated seizure. The assessment of patients with a 
first seizure must include a search for etiologic agents and features that 
may indicate the risk of recurrence. Factors to be considered include 
the circumstances of the seizure, the health of the child in the time 
before the seizure, the recent sleep patterns, the possibility of abuse or 
trauma, and the chance of ingestion of prescription or street drugs or 
syndromes such as the neurocutaneous disorders (‘Table 30.6). 

The recurrence risk after a first unprovoked seizure, usually defined 
as a seizure or flurry of seizures within 24 hours in patients older than 
1 month, is ~40-50%. 

The most important predictor of recurrence appears to be the 
existence of an underlying neurologic disorder. The existence of intel- 
lectual disabilty or cerebral palsy is a common antecedent to epilepsy, 
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TABLE 30.6 Neurocutaneous Syndromes 


Clinical Syndromes and Findings 


Sturge-Weber Syndrome 

Facial hemangioma, “port-wine stain” upper face, division of cranial nerve V; bilateral in 30%, 
absent in 5%, associated truncal and limb hemangiomas in 45% 

Intracranial leptomeningeal angiomatosis 

Epilepsy in 70-90%, usually before 2 yr and before hemiparesis, intractable in 35% 

Intellectual disability in 50-60% 

Hemiparesis in 30%, often with hemisensory deficit and hemianopia 


Tuberous Sclerosis 
Diagnostic criteria” 


Any 1 of the following: 


Facial angiofibroma (adenoma sebaceum, nasolabial folds, and nose becomes more prominent 
with age) or periungual fibromas 


Cortical tubers, subependymal nodule, giant cell astrocytoma 


Multiple retinal hamartomas (usually asymptomatic) or multiple renal angiomyolipomas (usually 
asymptomatic, may manifest as hematuria, hypertension, or renal failure) 


Or any 2 of the following: 

Infantile spasms (seizures in 90%, most commonly generalized; infantile spasms and myoclonus) 
Hypomelanotic papules (ash leaf spots; in 80-90%, 1-2 cm oval or leaf-shaped) 

Single retinal hamartoma 

Subependymal or cortical calcification on CT scan 

Single renal angiomyolipomas or cysts 


Cardiac rhabdomyomas (single or multiple; may obstruct outflow, cause arrhythmias, or cause 
conduction defects) 


First-degree relative with tuberous sclerosis (autosomal dominant disorder, 80% of cases 
represent new mutations) 


Also associated: 

Mental retardation in 50-66% 

shagreen patches; hamartomatous skin lesion in lumbosacral region in 50% 
Pulmonary involvement, fibrosis 

Skeletal abnormalities 


Epidermal Nevus Syndrome 
Hamartomatous lesions; subclassified according to most predominant histologic and clinical 
features (e.g., linear nevus sebaceus, see below) 


Sporadic, affects both sexes equally; CNS abnormalities are common with epidermal nevus 
syndrome, including seizures (25% of patients), intellectual disability, and neoplasia; also, 
skeletal abnormalities, including kyphoscoliosis and hemiatrophy 


Linear nevus sebaceus; hairless verrucous yellow-orange or hyperpigmented plaques on the face 
and scalp 


Epilepsy in 76% 

Intellectual disability in 60% 

Associated neuronal migration disorders 
Malignant transformation of a skin lesion 


Other Neurocutaneous Syndromes Associated with Seizures 
Neurofibromatosis; cutaneous lesions include café-au-lait spots, axillary freckling, neural 
tumors; seizure types include generalized tonic-clonic, partial complex, and partial simple-motor 


Incontinentia pigmenti; involvement includes linear papular-vesicular cutaneous lesions at 
birth, later pigmentation, ocular and dental anomalies; female-to-male ratio > 20:1 (boys may 
die in utero); seizure types include neonatal onset and later generalized tonic-clonic 


Hypomelanosis of Ito (incontinentia pigmenti achromians) 


Investigations 


CT scan: calcification, MRI scan with gadolinium 
EEG: attenuation of background rhythms, epileptiform 
discharges 


Physical examination 


MRI examination: 11 and T2 sequences with gadolinium 


Funduscopic examination and renal ultrasonography, 
abdominal CT scan 


History and physical, EEG; focal or generalized abnormalities 
Wood lamp examination in darkened room 

Funduscopic examination 

CT scan of the brain 

Renal ultrasonography or abdominal CT scan 
Echocardiography, ECG 


Examination of parents; echocardiography, MRI scans 


Chest radiograph 
Hand, feet (cystic), long bone (sclerotic) radiographic changes 


Careful examination of the scalp, skin folds, and conjunctiva; 
funduscopic examination 


Spine and limb radiographs, as appropriate 


MRI scan of the brain 


MRI scan of the brain 


Skin biopsy; ophthalmology examination 


*See htto:/www.tsalliance.org/healthcare-professionals/diagnosis/. 
CNS, central nervous system; CT, computed tomography; ECG, electrocardiogram; EEG, electroencephalogram; MRI, magnetic resonance 
imaging. 
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as is a history of significant head injury. An EEG with generalized or 
focal epileptiform discharges or with focal or generalized slowing is 
also predictive of recurrence. Focal seizures are more likely to be associ- 
ated with recurrence, although patients with such seizures are also 
more likely to have an existing neurologic deficit or an abnormal EEG. 
The duration of the first seizure or a presentation in status epilepticus 
is not associated with a higher incidence of recurrence. A family history 
of epilepsy is not a predictor of recurrence. Earlier age at onset, par- 
ticularly before the age of 12 months, has been associated with a higher 
risk of recurrent seizures. 

Most authorities believe that the majority of patients with a first 
seizure should not be treated unless the risk of recurrence is judged to be 
significantly higher than average. An abnormal neurologic examination, 
an abnormal MRI of the brain, and abnormal EEG all increase the risk 
of recurrence; the greater the number of risk factors, the more likely 
an AED may be initiated after a first known seizure, although some 
neurologists will still elect to wait for a second confirmed seizure. In 
adults or adolescents, the issues of driving and employment may influ- 
ence the decision to treat a first seizure, but in otherwise healthy and 
developmentally normal children, there is almost no indication for 
chronic AED treatment in response to a single seizure. Activities such 
as bathing, driving, and swimming must be carefully supervised. 

The decision to begin AED therapy is usually made after a patient 
has had 2 or more seizures in a short interval of time (6-12 months). 
Treatment with AEDs lowers the recurrence rate by about 50%. 


STATUS EPILEPTICUS 


Status epilepticus 1s a medical emergency where epileptic seizures are 
prolonged or occur in rapid succession without recovery between the 
seizures. There are 2 general categories of status epilepticus: convulsive 
and nonconvulsive (“subclinical”) status epilepticus. Convulsive 
status epilepticus may involve repetitive or prolonged GTC, myo- 
clonic, or tonic seizures. Nonconvulsive status epilepticus may involve 
repeated or continuous absence seizures or focal dyscognitive seizures 
with an altered state of consciousness lasting hours or even days. 

The most common duration of a seizure defined as status epilepti- 
cus is 30 minutes or longer, but seizures continuing for more than 5-10 
minutes warrant immediate attention, as they are statistically likely to 
progress to status epilepticus. One third of children presenting with 
status epilepticus have no history of epilepsy, another third have a 
history of chronic epilepsy, and an acute illness or injury has caused 
status epilepticus in another third. One of the most common precipi- 
tants of status epilepticus in people with a known history of epilepsy 
is abrupt discontinuation of a daily AED. 

Status epilepticus has a significant acute mortality rate, partly 
because of the underlying cause of the seizures; intracranial infections 
(meningitis, encephalitis), poisoning, acute metabolic disorders, and 
head injuries are some of the most common causes. 

The goals of the emergency management of status epilepticus are 
as follows: 

1. Maintain normal 
oxygenation. 

2. Stop clinical and electrical seizure activity, and prevent its 
recurrence. 

3. Identify precipitating factors. 

4. Correct any metabolic disturbances (hypoglycemia, hyponatremia) 
and prevent systemic complications such as cardiovascular collapse, 
cardiac arrhythmia, pneumonia, and renal failure. 

Table 30.7 sets out a plan of initial assessment and management of 
convulsive status epilepticus. Lorazepam and diazepam are rapidly 
acting anticonvulsants when given intravenously, but must be 


cardiorespiratory function and cerebral 


combined with a primary AED, as their duration of action is short. 
Side effects include sedation, depressed respiration, decreased ability 
to protect the airway, and hypotension. 

Phenytoin, fosphenytoin, phenobarbital, or valproic acid could be 
used in conjunction with the benzodiazepines in providing longer- 
lasting anticonvulsive action. 

Phenytoin is less commonly used. It has a rare but serious compli- 
cation called purple glove syndrome, which occurs in 1.7-5.9% of intra- 
venous administrations; within 2 hours of administration, there is 
pain, bluish discoloration, and swelling of the affected limb. Treatment 
involves discontinuation of the phenytoin, elevation, and icing of the 
affected limb; compartment syndrome is a potential complication. 

Fosphenytoin, a prodrug of phenytoin, can be administered either 
intravascularly or intramuscularly. Fosphenytoin has a maximum infu- 
sion rate of 150 mg PE/min; when it is infused faster, hypotension and 
arrhythmias may occur. 

Valproate can be given intravenously and may be the appropriate 
therapy for patients with known idiopathic and symptomatic general- 
ized epilepsies. It is also generally appropriate for children with a 
known static cerebral injury presenting with status epilepticus as their 
first seizure, such as a child with a history of neonatal hypoxic-ischemic 
encephalopathy who presents at age 4 in status epilepticus. It is con- 
traindicated in children with known or suspected mitochondrial 
disease, multisystemic disease of unknown etiology, known hepatic 
disease, or in children under the age of 2 years. 

Nonconvulsive status epilepticus may arise when frequent focal dys- 
cognitive seizures or absence seizures occur. In both of these settings, 
discrete seizures may not be identifiable; instead, the child may present 
with confusion, clouded consciousness, and partial responsiveness or 
a stuporous state, all of which can last hours or even days. It should be 
treated urgently as soon as it is identified, especially if focal dyscogni- 
tive status is suspected, in which case treatment should follow that 
outlined for convulsive status epilepticus. In absence status epilepticus, 
intravenous benzodiazepines are usually effective but should be used 
in conjunction with intravenous valproate or oral ethosuximide. 


CLASSIFICATION OF EPILEPSIES AND 
EPILEPTIC SYNDROMES 


The clinician should attempt to determine whether the seizure disor- 
der is focal or generalized, and then whether there is evidence of 
underlying brain dysfunction. Both the focal and generalized epilepsies 
in otherwise developmentally normal children respond favorably to 
treatment, and there is a good chance of long-term remission. Struc- 
tural epilepsies may benefit from surgical intervention. Genetic and 
metabolic epilepsies respond less predictably to treatment, and the 
chance of remission is less certain. 

Identification of 1 of the epileptic encephalopathies of infancy and 
childhood has grave prognostic significance (Table 30.8). These epilep- 
sies vary in the seizure types and EEG features, but have certain features 
in common: specific age at onset and expression, intractable seizures, 
cognitive dysfunction, arrest in development, conspicuous interictal 
epileptic discharges on the EEG, and a poor response to treatment. 


Neonatal Period 


The paroxysmal disorders seen in the neonatal period (birth to 8 
weeks) are presented in Table 30.9. 


Paroxysmal Nonepileptic Disorders 

Jitteriness. Jitteriness or tremulousness is a common movement 
disorder of neonates. It can be confused with seizures, especially 
if superimposed on normal tonic postural reflexes. Jitteriness, 
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TABLE 30.7 Management of Convulsive Status Epilepticus 


Priority Examination and Laboratory Investigations 


On arrival Airway patency and respiratory rate, inspect pharynx, 
chest auscultation, BP, pulse, temperature; level of 
consciousness; response to command, pain; serum 
Na, K, glucose, creatinine, Ca, Mg; CBC, liver function 
studies, AED levels; serum and urine toxins screen; 


arterial blood gases, chest radiograph 


After initial treatment 
symmetry of motor function and reflexes 


If seizures continue 


assess adequacy of therapy 


After stabilization or 
in tandem with 
escalating therapy 


neurologic signs, then CT/MRI first 


Neck stiffness, funduscopy, signs of trauma, rashes, 


Patient's level of consciousness becomes depressed 
with lorazepam and PB, and an EEG is necessary to 


LP: if acute febrile illness with papilledema or focal 


Management 


Airway protection; suction pharynx and give supplemental oxygen 

Rectal antipyretic to lower temperature if elevated, IV access and 
administer: 25% glucose IV, 2-4 mL/kg, and lorazepam” IV, 
0.1 mg/kg (to a maximum of 8 mg) as a bolus and fosphenytoin 
IV, 20 mg/kg at 150 mg/min with ECG monitoring and collection 
of serum level after loading dose 

“If immediate IV access is not possible, give diazepam 0.3-0.5 mg/ 
kg rectally and fosphenytoin IM and arrange for central line or 
intraosseous access 


If patient is febrile: appropriate cultures, other studies depending 
on age and other symptoms 
If any suspicion of head injury: obtain urgent CT scan 


Arrange ICU bed and consider intubation; give further bolus of 
lorazepam 0.05-0.1 mg/kg, and push PHT serum level above 
30 mg/L with further loading dose (~10 mg/kg) 
In an ICU setting, if seizures continue with PHT levels of 
30-40 mg/L, then add PB 20 mg/kg IV loading over 15-30 min 
Continued clinical or electrical seizures may necessitate induction 
of pentobarbital therapy: loading dose of 5-15 mg/kg, followed by 
IV infusion of 1-3 mg/kg/hr titrated by EEG monitoring to achieve 
burst suppression pattern; maintain for 24-48 hr and review 
Elective intubation and ventilation, arterial line, BP monitoring 


If LP is delayed and intracranial infection is suspected, then cover 
with antibiotic and antiviral therapy 


*Give lorazepam if actively convulsing; this may not be required in patients with serial seizures who can be quickly loaded with fosphenytoin. 
AED, antiepileptic drug; BP, blood pressure; Ca, calcium; CBC, complete blood count; CT, computed tomography; ECG, electrocardiogram; ICU, 
intensive care unit; IM, intramuscularly; IV, intravenously; K, potassium; LP, lumbar puncture; MRI, magnetic resonance imaging; Na, sodium; 


Mg, magnesium; PB, phenobarbital; PHT, phenytoin. 


TABLE 30.8 Cryptogenic and 
Symptomatic Epileptic Encephalopathies 


Neonates and Infants 
Early epileptic encephalopathy 
Early infantile myoclonic epilepsy 
Migratory partial seizures of infancy 
West syndrome (infantile spasms) 
severe myoclonic epilepsy of infants 
Epilepsy in association with inherited disorders of metabolism 
(see Table 30.10) 
Lysosomal storage disorders 
Urea cycle disorders 
Aminoacidurias 


Children and Adolescents 

Lennox-Gastaut syndrome 

Myoclonic-astatic epilepsy 

Atypical benign partial epilepsy 

Acquired epileptic aphasia (Landau-Kleffner syndrome) 

Continuous spike-and-wave patterns in slow-wave sleep 

Epilepsy in association with inherited disorders of metabolism 

Mitochondrial encephalomyopathies 

Progressive myoclonus epilepsies 

Epilepsy in association with systemic disorders involving the central 
nervous system 

Systemic lupus erythematosus, other vasculitides 


TABLE 30.9 Paroxysmal Disorders of the 
Neonatal Period 


Paroxysmal Nonepileptiform Disorders 
Jitteriness 
Benign neonatal sleep myoclonus 


Acute Symptomatic Seizures and Occasional Seizures 
Hypoxic-ischemic encephalopathy 

Intraventricular hemorrhage 

Acute metabolic disorders* 

Sepsis-meningitis 


Epileptic Syndromes 

Benign idiopathic neonatal convulsions 

Familial 

Nonfamilial 

Ohtahara 

symptomatic focal epilepsy 

Brain tumor 

Malformations of cortical development 

Inherited metabolic disease; mitochondrial disorders 
Early-onset generalized epileptic syndromes with encephalopathy 
Early myoclonic encephalopathy 

Early infantile encephalopathic epilepsy 


*Hypoglycemia, hypocalcemia, hyoomagnesemia, hyponatremia, 
hypernatremia, hyperammonemia. 
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characterized by rhythmic alternating movements of all extremities 
with equal velocity in flexion and extension, only occasionally has a 
true synchronized clonic appearance. Jitteriness is not accompanied by 
eye deviation or staring, is stimulus sensitive, and can usually be 
stopped by gentle passive flexion of the moving limb. 

Jitteriness in the newborn can be associated with hypoxic-ischemic 
encephalopathy, hypoglycemia, hypocalcemia, and drug withdrawal; if 
any of these causative factors are identified, there may also be a higher 
risk of epileptic seizures. In otherwise healthy infants, jitteriness seems 
to be a benign movement disorder, resolving by 10-14 months of age. 

Benign neonatal sleep myoclonus. Myoclonic jerks may appear 
during sleep in some healthy neonates. It has been reported within 
hours of birth and may disappear over the next few months or persist 
into childhood. The jerks can be bilateral and synchronous or asym- 
metric; they may migrate between muscle groups during an episode. 
They are repetitive but do not disturb sleep. These jerks have been 
described in all stages of sleep but are most prominent in quiet sleep; 
they are not confined to sleep onset. Features distinguishing this phe- 
nomenon from epilepsy are its presence exclusively during sleep with 
disappearance on awakening, normal EEGs, and normal psychomotor 
development. 


Acute Symptomatic Seizures and Occasional Seizures 


Most neonatal seizures are acute symptomatic seizures, and the number 
of children who continue to have seizures after the neonatal period is 
relatively small. Neonatal seizures have been classified according to the 
clinical features as subtle, tonic, clonic, and myoclonic. However, not 
all of these clinical seizure types have consistent ictal EEG patterns. 
The classification of neonatal seizures reflects the variable, poorly orga- 
nized, and often subtle clinical expression of epileptic seizures at this 
age. Typical GTC or absence seizures are not seen at this age, perhaps 
because of the limited capacity of the neonatal brain for interhemi- 
spheric synchrony. Patterns include the following: 

° Clinical seizures consistently associated with an EEG seizure 

pattern: 

° Clonic seizures with focal or multifocal jerking of the face or 
extremities fit this category, as do focal tonic seizures with focal 
tonic posturing of a limb or asymmetric posturing of the axial 
musculature. Clinical seizures with consistent focal jerking or 
posturing of 1 limb are most consistently correctly identified at 
the bedside, and are most commonly associated with a focal 
structural defect, such as a focal perinatal stroke. 

e Clinical seizures sometimes associated with an EEG seizure pattern: 

° Myoclonic seizures consist of single or multiple flexor jerks of 
the upper or lower limbs. An ictal EEG pattern is not always 
seen in this group. Fragmentary (multifocal) myoclonus is not 
always associated with an ictal EEG. 

° Clinical seizures not consistently associated with an EEG seizure 
pattern: 

° These include motor automatisms characterized by a diversity of 
signs, including any of the following: wide-eyed staring, rapid 
blinking, eyelid fluttering, drooling, sucking, repetitive limb 
movements such as rowing or swimming with the arms or ped- 
aling with the legs, apnea, hyperpnea, tonic eye deviation, and 
vasomotor skin color changes. This group of subtle seizures is 
generally associated with EEG background abnormalities such 
as suppression; the seizure itself may not have a consistent EEG 
correlate. This is reflective of diffuse cerebral dysfunction, such 
as seen in hypoxic-ischemic encephalopathy or metabolic 
disorders. 

° Generalized tonic seizures and focal and multifocal myoclonus 
are also often not associated with neonatal ictal EEG patterns, 


and when seen in stuporous or comatose children, the jerks may 
not be epileptic. However, if the EEG is completely normal, it is 
unlikely that the behaviors of concern represent subtle 
seizures. 

Some simple clinical observations should guide the assessment of 
neonates with episodic abnormal behaviors. Epileptic behaviors are 
typically repetitive and stereotyped, but are not provoked by stimula- 
tion of the child or increased with increasing intensity of a stimulus. 
Nonepileptic movements may disappear with repositioning of a limb 
or the child. Gentle restraint of a limb should be able to suppress or 
abort nonepileptic motor activity, whereas epileptic movements are 
still palpable. The association of abnormal eye movements with 
unusual behavior or limb movements suggests a seizure rather than 
nonepileptic behavior. 

Diagnostic investigations. EEG monitoring is useful in the evalu- 
ation of suspicious fluctuations in vital signs in neonates who are 
paralyzed and intubated or comatose, or in neonates with subtle but 
repetitive episodes of unusual behavior. 

Many neonatal intensive care units have the capability to perform 
amplitude-integrated EEG (aEEG), which is a reduced electrode moni- 
toring method that uses time-compressed baseline trends of 2 or 4 
channels of EEG to allow the bedside practitioner to look for changes 
suspicious for seizure. However, both the sensitivity and specificity of 
aEEG are lower than that of full-montage conventional EEG; less than 
50% if only a single channel of aEEG is available, but up to 76% and 
78%, respectively, when 2 channels of raw EEG are available for com- 
parison and direct review by expert aEEG interpreters. Conventional 
EEG is recommended over aEEG when both are available; however, the 
use of aEEG is associated with lower total seizure duration in neonates 
compared to no monitoring. 

Proper treatment must include a thorough search for the cause of 
the seizures, because many conditions necessitate specific treatment. 
The possible etiologic factors are numerous and diverse (‘Tables 30.10 
and 30.11). The most common cause is hypoxic-ischemic encepha- 
lopathy (60-65%); it is important to make a positive diagnosis of this 
historically and to exclude conditions such as local anesthetic toxicity, 
pyridoxine-dependent seizures, prenatal injury, and metabolic enceph- 
alopathies that may masquerade as perinatal asphyxia. 

Prognosis. The prognosis for normal development after neonatal 
seizures depends on the cause of the seizures. Approximately 50% of 
neonates with seizures develop normally, 30% have neurologic 
sequelae, and 15-20% die. Neonates with seizures caused by CNS infec- 
tion, hypoglycemia, structural brain malformations, intraventricular 
hemorrhage, and hypoxic-ischemic encephalopathy have a higher 
risk of poor outcome due to the prevalence of global brain injury in 
these conditions. Fifty percent of neonates with hypoxic-ischemic 
encephalopathy—related seizures develop normally, but fewer than 10% 
of neonates with seizures and intraventricular hemorrhage develop 
normally. In contrast, those infants with seizures caused by hypocalce- 
mia (in the absence of asphyxia), drug withdrawal (from maternal drug 
use), and focal arterial ischemic stroke usually do well, as these are 
either caused by reversible, transient, or focal etiologies. The likelihood 
of recurrent seizures is 15-30% overall. 

The EEG may add prognostic information; neonates with a normal 
background pattern are unlikely to have any neurologic deficits and 
are less likely to have seizures as a cause for their paroxysmal events, 
but persistent severe abnormalities of the background rhythms, such 
as burst-suppression patterns, suppression of background rhythms, 
and electrocerebral silence, have over 90% chance of a poor outcome, 
including death. Moderate abnormalities of the EEG in the form of 
amplitude asymmetries and patterns immature for the patient’s con- 
ceptional age are associated with intermediate outcomes and are of less 


TABLE 30.10 Causes of Neonatal Seizures 


Ages 1-4 Days 
Hypoxic-ischemic encephalopathy 
Drug withdrawal, maternal drug use of narcotics or barbiturates 
Drug toxicity: lidocaine, penicillin 
Intraventricular hemorrhage 
Acute metabolic disorders 
Hypocalcemia 
Perinatal asphyxia, small for gestational age 
Sepsis 
Maternal diabetes, hyperthyroidism, or hypoparathyroidism 
Hypoglycemia 
Perinatal insults, prematurity, small for gestational age 
Maternal diabetes 
Hyperinsulinemic hypoglycemia 
Sepsis 
Hypomagnesemia 
Hyponatremia or hypernatremia 
latrogenic or inappropriate antidiuretic hormone secretion 
Inborn errors of metabolism 
Galactosemia 
Hyperglycinemia 
Urea cycle disorders 
Pyridoxine deficiency (must be considered at any age) 


Ages 4-14 Days 
Infection 
Meningitis (bacterial), encephalitis (enteroviral, herpes simplex) 
Metabolic disorders 
Hypocalcemia 
Diet, milk formula 
Hypoglycemia, persistent 
Inherited disorders of metabolism: galactosemia, fructosemia, 
leucine sensitivity 
Hyperinsulinemic hypoglycemia 
Anterior pituitary hypoplasia, pancreatic islet cell tumor 
Beckwith syndrome 
Drug withdrawal, maternal drug use of narcotics or barbiturates 
Benign neonatal convulsions, familial and nonfamilial 
Kernicterus, hyperbilirubinemia 


Ages 2-8 Weeks 
Infection 
Herpes simplex or enteroviral encephalitis, bacterial meningitis 
Head injury 
Subdural hematoma, child abuse 
Inherited disorders of metabolism 
Aminoacidurias, urea cycle defects, organic acidurias 
Neonatal adrenoleukodystrophy 
Malformations of cortical development 
Lissencephaly 
Focal cortical dysplasia 
Tuberous sclerosis 
Sturge-Weber syndrome 


value in isolation from other clinical data; these will require long-term 
neurologic follow-up. 

Treatment. The primary treatment for neonatal seizures is the 
treatment of the underlying cause. All neonates with seizures should 
have a trial of pyridoxine and folinic acid treatment if the cause is not 
identified and seizures persist. Some neonates also require treatment 
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with an AED, traditionally phenobarbital, but levetiracetam and fos- 
phenytoin are also used. Protein binding is lower in neonates than in 
older children, and the speed of hepatic metabolism changes signifi- 
cantly in the first few days of life, so frequent serum levels of protein- 
bound, hepatically metabolized AEDs such as phenobarbital or 
fosphenytoin are necessary for the first several days of treatment, or 
when making major adjustments. 

At an intravenous loading dose of 18-20 mg/kg, phenobarbital 
should produce a serum level of approximately 18-20 mg/L (Table 
30.12). A daily maintenance dose of 3-5 mg/kg, either administered 
once daily or in 2 divided doses daily, keeps serum levels in this range. 
The serum level can be increased to 40-60 mg/L with further loading 
doses before consideration of a second drug for persistent seizures. 

If a self-limited or correctable short-term insult is the cause, the 
clinician may administer a loading dose with phenobarbital and give 
no maintenance therapy, simply observing for recurrent seizures. 
Alternative management would be to administer a loading dose of 
phenobarbital and give maintenance doses throughout an illness or to 
treat for a maximum of 3-6 months if the time during which the child 
is at risk for seizures is uncertain. 


Epileptic Syndromes 

Benign idiopathic neonatal convulsions, familial and nonfamil- 
ial. Some neonatal seizures occur in otherwise healthy neonates 
without perinatal risk factors or identifiable causes that remit sponta- 
neously and are not followed by developmental delay; these include 
benign idiopathic neonatal convulsions and benign familial neonatal 
convulsions. These are diagnoses of exclusion and a complete work-up 
for other causes of neonatal seizures must be performed before decid- 
ing upon these etiologies. 

Benign idiopathic neonatal convulsions are common and may 
account for 2-7% of neonatal seizures. The disorder is sometimes 
referred to as 5th-day fits, although the seizures may begin between 1 
and 7 days of age. The seizures are typically focal and multifocal clonic 
seizures that may, in rare cases, develop into status epilepticus. The 
seizures remit within hours or days. Although normal at the onset 
of seizures, affected neonates may become drowsy and hypotonic 
during the seizures and for a few days after the seizures remit. Long- 
term follow-up data are not yet complete, but the majority of affected 
children appear to have normal psychomotor development and no 
increased risk for the development of epilepsy. 

Benign familial neonatal convulsions are less common. There is a 
distinctive family history of transient neonatal seizures that shows 
autosomal dominant inheritance. The onset of seizures is usually 
between 2 and 4 days after birth, but in some cases, onset may occur 
at 1-3 months of age. The neonates are otherwise healthy without risk 
factors for seizures. The seizures are usually brief clonic seizures, but 
some neonates have tonic seizures. This group differs from the nonfa- 
milial cases in that the seizures may persist longer, the interictal EEG 
is generally nonspecific, and later seizures occur more frequently in 
approximately 10-15% of children. Abnormalities in 2 potassium 
channel genes, KCNQ2 on chromosome 20 and KCNQ3 on chromo- 
some 8, have been found in some kindreds (see Table 30.3). 

Vitamin-dependent seizures. There are rare metabolic disorders 
that present in the first few days of life with encephalopathy and refrac- 
tory seizures; a smaller percentage of these disorders can be treated 
with early diagnosis and administration of the correct vitamin. 
Pyridoxine-dependent and folinic acid-dependent seizures are 2 such 
disorders; pyridoxine is essential for amino acid metabolism, and 
folinic acid is necessary for DNA synthesis and repair. Multidisci- 
plinary care with a geneticist and a neurologist is ideal for children 
with these rare disorders. 


TABLE 30.11 
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Associated with Seizures in Infants 


Inherited Disorders of Metabolism and Neurodegenerative Diseases 


Disorder 


Neonates 


Clinical Features and Laboratory Findings 


These disorders are rare. The clinical features are nonspecific and usually do not distinguish between 
the inherited disorders of metabolism; however, they may suggest that a search for these conditions 


is warranted: 


Metabolic or degenerative disorder in another sibling 
Normal immediately after birth with symptoms and signs developing in the first days to weeks of 


life 


Food intolerance; vomiting, diarrhea, not settling after feedings 
Lethargy, may become stuporous after feeding 


Hypotonia 


Seizures; tonic, clonic, subtle neonatal seizures; myoclonus in some disorders 
Late signs: weight loss, failure to thrive, psychomotor retardation 


Aminoacidurias 


Maple syrup urine disease 


Organic acidurias 
Propionic acid 
Methylmalonic acid 
Isovaleric acid 
Glutaric acid 


Urea cycle disorders 


Nonketotic hyperglycinemia 


p-glyceric acidemia 


Pyridoxine dependency 


Peroxisomal diseases 
Zellweger syndrome 
Adrenoleukodystrophy 
Refsum disease 


Infants 

Pyruvate dehydrogenase 
deficiency 

Pyruvate carboxylase 
deficiency 


Biotinidase deficiency 
Aminoacidurias 
Phenylketonuria 


An unusual maple syrup odor of the urine may be detected; severe 
metabolic acidosis and increased anion gap; urine positive for 
ketones; boiled urine reacts with 2,4-DNPH to give yellow precipitate 


Hyperammonemia, metabolic acidosis and increased anion gap, 
ketosis, low blood urea nitrogen; secondary elevation of lactate and 
hypoglycemia may be present and secondary carnitine deficiency 
may occur; glycine level may be elevated in these disorders 

Thrombocytopenia, neutropenia, and anemia 

Characteristic body odor in some of these disorders 


Hyperammonemia without hypoglycemia, ketoacidosis or hematologic 
abnormalities 


Intractable seizures and severe encephalopathy, often with coma, 
within the first weeks of life; may have the clinical syndrome of early 
myoclonic encephalopathy; myoclonic seizures, burst suppression on 
EEG, severe psychomotor retardation 


No specific clinical features; must be suspected in all neonatal 
seizures without alternative cause and especially in those not 
responding to simple measures 


Characteristic facies 
Neonatal form 
Infantile form 


Metabolic acidosis and increased anion gap, lactic acidosis, with 
normal lactate-to-pyruvate ratio (10:20); hyperammonemia may be 
seen; normoglycemic; serum and CSF alanine levels may be elevated 

Lactate-to-pyruvate ratio is normal or elevated 

The clinical features are nonspecific: encephalopathy, hypotonia, and 
seizures; intermittent hyperventilation may be present. Both these 
disorders can manifest later in childhood with developmental delay 
and episodic symptoms such as ataxia and vomiting 


Refractory seizures, rash, alopecia; lactic and organic acidosis 


Onset in infancy with developmental delay and seizures; seizures occur 
in about 25%, and the infant may have severe epilepsy with West 
syndrome; deficiency of phenylalanine hydroxylase causes the 
accumulation of phenylalanine and phenylacetic acid 


Investigations 


Initial investigations in neonatal seizures: 

Glucose, urinalysis, ketones 

Serum glucose, Na*, K+, Ca“, Mg”, blood urea 
nitrogen, creatinine 

serum ammonia, lactate, and pyruvate 

Liver function tests, complete blood cell count, 
arterial blood gas measurements 

Lumbar puncture and CSF analysis 

EEG 

CT or MRI scan may be indicated 


serum amino acid analysis; elevated serum leucine, 
isoleucine, and valine 


Urine organic acid analysis 
serum carnitine measurement 
serum acylcarnitine profile 


serum ammonia. Plasma amino acids and urine orotic 
acid can help define the specific urea cycle defect 


Elevated urine and plasma glycine levels, normal 
organic acid pattern and ammonia level. Ratio of 
CSF:serum glycine necessary to make the diagnosis 


Therapeutic trial of pyridoxine; high dosage must be 
given for a period of weeks 


screen with serum very-long-chain fatty acid analysis, 
specific measurement of phytanic acid, prystanic 
acid, pipecolic acid, red cell plasmalogens, and bile 
acids for biochemical diagnosis. Molecular 
diagnostics using comprehensive gene panels 


serum lactate and pyruvate measurement 
serum and CSF amino acids measurement 


Nearly 100% identified through New Born Screening. 
Plasma amino acids will identify elevated 
phenylalanine in affected individuals 


TABLE 30.11 


Associated with Seizures in Infants—cont'd 
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Inherited Disorders of Metabolism and Neurodegenerative Diseases 


Disorder 
Phenylketonuria variant with 
biopterin deficiency 


Tay-Sachs disease 
GM, gangliosidosis 


Sandhoff disease 
GM, gangliosidosis type Il 


GM, gangliosidosis 


Leigh disease (subacute 
necrotizing encephalopathy) 


Menkes disease 


Krabbe disease 


Angelman syndrome 


Early infantile type of 
ceroid-lipofuscinosis 
Batten disease 


Clinical Features and Laboratory Findings 
Hypotonia and seizures develop at or after 6 mo of age; generalized 
motor seizures, erratic myoclonus, and oculogyric seizures 


Abnormalities appear in the first weeks to months of life with 
irritability and acoustic startle or myoclonus, not seizures, in the first 
months; developmental delay and cherry-red macular spots are 
present; seizures develop in the second year of life; erratic 
myoclonus, focal seizures, and slowing of background rhythms on 
EEG 


Similar in phenotype to Tay-Sachs disease 


Dysmorphic features; three clinical subtypes, /nfanti/e with rapid 
progression in first 6 mo of life, seizures are frequent without specific 
characteristics; cherry-red spots on the maculae; juvenile or late onset 
form (6 mo to 3 yr), chronic form (4 to 30 yr). Dysmorphic features and 
skeletal changes similar to Morquio mucopolysaccharide storage 
disorder 


A clinical syndrome resulting from various abnormalities of 
mitochondrial oxidative phosphorylation 

Usually manifesting in infancy with regression of motor skills, 
hypotonia, lethargy, respiratory disorders (typically hyperventilation 
and apnea), and seizures; other features are nuclear and 
Supranuclear oculomotor paralysis, brainstem dysfunction, 
choreoathetosis, cerebellar ataxia, and pyramidal signs 


sex-linked inheritance on long arm of X chromosome; hypotonia, 
failure to thrive, abnormal temperature regulation, hypothermia or 
hyperthermia, fragile wiry hair, poor pigmentation, generalized 
seizures, often infantile spasms 


Appears before 3-6 mo of age; rigidity develops in an irritable, crying 
infant; opisthotonic posturing of the neck and trunk; generalized 
motor seizures may occur, but must be distinguished from tonic 
spasms; affected children become blind with optic atrophy 


Developmental delay from birth, characteristic facies, ataxia with jerky 
limb movements, inappropriate laughter (“happy puppet”), seizures in 
86% of patients 


severe myoclonus at 3-18 mo; hypotonia, ataxia, impaired vision, 
dementia; diffuse cerebellar and cerebral atrophy 

EEG; no enzymatic defect identified; diagnosis must be based on 
clinical features and skin biopsy showing ceroid 


Other Rare Metabolic Disorders with Encephalopathy Seizures in Infancy 


Glutaric aciduria type Il, multiple acyl-CoA dehydrogenase deficiency 
Medium-chain acyl-CoA dehydrogenase deficiency 

Canavan—van Bogaert disease 

Molybdenum cofactor deficiency 


Investigations 

Nearly 100% identified through New Born Screening. 
Plasma amino acids will identify elevated 
phenylalanine in affected individuals 


Blood sample and skin biopsy; hexosaminidase A 
deficiency detectable in blood lymphocytes and 
cultured fibroblasts 


Hexosaminidase B deficiency detectable in blood 
lymphocytes and cultured fibroblasts 


Skin biopsy, blood B-galactosidase deficiency found in 
blood lymphocytes and cultured fibroblasts 


CSF lactate measurement; MRI of the brain (may 
show midbrain periaqueductal signal abnormalities) 

Muscle biopsy for oxidative metabolism analysis and 
DNA studies 


Deficiency of serum copper and ceruloplasmin 


Skin biopsy and blood galactocerebrosidase deficiency 


Abnormal methylation of maternally inherited 
imprinted region of chromosome 15q11.2. Four 
known genetic mechanisms can cause Angelman 
syndrome; approximately 70% of cases result from 
de novo maternal deletions involving chromosome 
15q11.2-q13; approximately 2% result from paternal 
uniparental disomy of 15q11.2-q13; a subset of the 
remainder result from other imprinting defects and 
pathogenic variants in the gene encoding the 
ubiquitin-protein ligase E3A gene (UBE3A) 

Skin biopsy, inclusion bodies on electron microscopy 
of peripheral lymphocytes (buffy coat EM), rectal 
biopsy; genetic testing available 


specific testing based on suspected diagnosis 


CoA, coenzyme A; CSF, cerebrospinal fluid; CT, computed tomography; DNPH, dinitroohenylhydrazine; EEG, electroencephalogram; MRI, 


magnetic resonance imaging. 
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TABLE 30.12 Neonatal Antiepileptic Medication: Pharmacokinetic Parameters 


Routes of % Protein Half-Life 


Administration Bound 
Phenobarbital V PR PFO 24 
PHI IV, PO 85-90 
IV, IM 


20 mg/kg 
15-20 mg/kg 
15-20 mg/kg! 


Fosphenytoin 


70, displaces 
PHT 


Diazepam IV, PR 84 
Lorazepam IV 85 


Loading Dose 


0.1-0.3 mg/kg/dose’ 31-75 
0.05 mg/kg/dose® 


Therapeutic 
Antiepileptic 
Dosage (mg/ 
Maintenance (hr) kg/day) Range (mg/L) 
40-200 3-5 10-30 
6.9-140* IV: 8-10; PO: 18-20 5-20 
Fosphenytoin > PHT, 18-20 5-20 
8-15 min 
0.3-0.7 
18-73 NA 


*Great variation, shorter if exposed to enzyme-inducing drugs (e.g., phenobarbital) and within 1st 2-3 wk of life. 


"Dosage is in PHT equivalents per kg. 
*Can be given every 15 min to a maximum of 2 mg. 
‘Up to 2 doses only. 


IM, intramuscularly; IV, intravenously; NA, not applicable; PHT, phenytoin; PO, per os (orally); PR, per rectum. 


Pyridoxine-dependent seizure is a rare autosomal recessive disor- 
der in which seizures usually appear within the first 3 months of life, 
often within hours of birth, but in rare cases, as late as 2-5 years of age. 
The EEG may show focal, multifocal, and generalized epileptiform 
activity, and the child is encephalopathic. The seizures (myoclonic, 
GTC, and partial), and EEG discharges disappear over hours in 
response to 100 mg of intravenous pyridoxine (vitamin B,), which can 
be repeated 3-5 times as necessary. The children require long-term 
pyridoxine, 50-100 mg/day. 

Folinic acid-responsive seizures present very similarly to 
pyridoxine-dependent seizures, with medically intractable, relentless 
seizures of multiple types, often within the first days of life. The sei- 
zures respond to 2.5-5 mg of folinic acid twice daily. 

These are rare disorders, but as they are neurologically devastating 
or fatal if untreated, it is reasonable to administer a trial dose of pyri- 
doxine and/or folinic acid to seizing, encephalopathic infants where no 
other cause has been found for their seizures and encephalopathy. If 
there is a clinical, and ideally electrographic, response to the vitamin 
trial, then it is also reasonable to continue the supplement. Nonethe- 
less, even with early diagnosis and treatment, these children may have 
developmental delays. 

Structural focal epilepsy. Malformations of cortical develop- 
ment. Disorders of cell migration within the CNS may result in pro- 
found anatomic abnormalities and dysfunction or a spectrum of lesser 
abnormalities, ranging from focal areas of cortical dysgenesis and clini- 
cal deficits to subcortical collections of neurons (heterotopia) seen 
only under the microscope. Migrational abnormalities are rare but are 
commonly associated with seizures. Although these abnormalities are 
present from birth, seizures may develop at any age. 

Lissencephaly, or agyria, is a profound abnormality characterized 
by a smooth brain without development of the normal gyral pattern 
and sulci; there are often large heterotopia in the white matter, and 
neuroimaging studies may reveal the appearance of a double cortex. 

Hemimegalencephaly is characterized by gross enlargement of 1 
hemisphere with no normal cortical development within that hemi- 
sphere. More restricted abnormalities may occur in the form of a 
limited area of gyral enlargement and distortion called pachygyria. 

Schizencephaly refers to unilateral or bilateral clefts in the cerebral 
hemispheres, usually with abnormal arrangement (polymicrogyria) of 
the cortical gray matter lining the clefts. 

Porencephaly refers to fluid-filled cavities within the brain. Poren- 
cephalic cysts communicate with both the subarachnoid space and the 


ventricular system and are lined not by cortical gray matter but rather 
by white matter because they result from loss of tissue as a consequence 
of insults, typically infarction or hemorrhage, during development. 

Early-onset generalized epileptic syndromes with encephalopa- 
thy. Early myoclonic encephalopathy appears in neonates before 2-3 
months of age, usually within the first 2 weeks of life. Myoclonus 
appears at the onset but may be fragmentary. Partial motor seizures, 
massive myoclonus, or infantile spasms may also occur. The EEG 
shows a suppression-burst pattern that may later evolve into a hypsar- 
rhythmic pattern. There is a failure or arrest of psychomotor develop- 
ment and a high rate of mortality before 12 months of age. A number 
of patients have an inborn error of metabolism, including nonketotic 
hyperglycinemia, p-glyceric acidemia, propionic acidemia, and methyl- 
malonic acidemia. 

Early epileptic encephalopathy with suppression-burst EEG 
pattern (Ohtahara syndrome) has an onset during the same period. 
The affected child experiences intractable tonic seizures or epileptic 
spasms, and the EEG shows a suppression-burst pattern. Affected chil- 
dren have a severe encephalopathy, and the prognosis for remission 
from seizures or for normal development is very poor. Many of these 
patients have malformations of cortical development. 

There appear to be neonates in whom the EEG features and clinical 
course of these 2 syndromes overlap; these syndromes may evolve into 
West syndrome and Lennox-Gastaut syndrome. 


Infancy 


The paroxysmal disorders of infancy (8 weeks to 2 years) are shown in 
Tables 30.3 and 30.13. 


Paroxysmal Nonepileptic Disorders 


Infantile syncope 

Cyanotic infant syncope (breath-holding spells). Cyanotic infant 
syncope consists of episodes of loss of consciousness followed by tonic 
stiffening in crying infants. The peak incidence is between 6 and 18 
months of age, but it may occur in neonates or in children as old as 6 
years of age. The typical clinical picture is an infant who is frightened, 
frustrated, or surprised; begins to cry vigorously; and then becomes 
apneic and cyanotic before becoming unconscious, stiff, or limp. In 
rare cases, typical infant syncope may evolve into a brief GTC seizure. 
The child regains consciousness rapidly after being positioned hori- 
zontally or stimulated without a prolonged postictal state, although 
there may be a tendency to sleep. 


TABLE 30.13 Paroxysmal Disorders 
in Infants 


Nonepileptiform Disorders 

Infantile syncope” 

Cyanotic breath-holding spells 

Pallid syncope 

Shivering attacks 

Paroxysmal torticollis 

Extrapyramidal drug reactions, dystonia 

Gastroesophageal reflux with dystonia‘ 

Rumination’ 

Stereotypical; movements, autism, Rett syndrome, coexisting deafness and 
blindness’ 

Withholding, constipation’ 

Masturbation 

Spasmus nutans 

Opsoclonus 

Benign paroxysmal vertigo 

Myoclonus 

Nonepileptic; anxiety, excitement, acute metabolic encephalopathy 

Benign myoclonus of early infancy 

Hyperexplexia’ 

Alternating hemiplegia of childhood 

Sleep disorders* 

Jactatio capitis, head banging 


Acute Symptomatic Seizures, Occasional Seizures 

Febrile convulsions* 

Meningitis, encephalitis” 

Head injury, child abuse 

Poisoning 

Intercurrent medical illness, renal, and liver disease, cardiac left-to-right 
shunt, and embolism 

Metabolic disease, rickets 


Epileptic Syndromes 
Symptomatic focal epilepsy’ 
West syndrome 
Early myoclonic encephalopathy’ 
Early infantile encephalopathic epilepsy’ 
Malformations of cortical development’ 
Neurocutaneous disorders (see Table 30.6) 
Tuberous sclerosis 
Sturge-Weber syndrome 
Incontinentia pigmenti 
Epidermal nevus syndrome 
Severe myoclonic epilepsy in infancy (Dravet syndrome) 


*Common. 
‘See childhood section for discussion. 
*See neonatal section for discussion. 


These episodes have also been called breath-holding spells, anoxic 
seizures, and convulsive syncope, but cyanotic infant syncope may be a 
better term because the loss of consciousness appears to be the result 
of transient impairment of cerebral perfusion. The subsequent tonic 
posturing in the typical attack is not epileptic, but is thought to have 
the same brainstem origin as decerebrate or decorticate posturing. 

Cyanotic infant syncope is common and is seen in 4.6% of a large 
cohort of children monitored from birth. A thorough history is usually 
sufficient for diagnosing this condition. The crucial diagnostic point 
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is the history of an external event precipitating the episode. The dif- 
ferential diagnosis is noted in Table 30.14. 

Although the spells appear to be unpleasant for the child and can 
be frightening to the parents, they do not result in neurologic sequelae 
and do not necessitate intensive investigation. The child should be 
evaluated for anemia; treatment of iron deficiency anemia reduces the 
frequency of syncopal events. Treatment with carbamazepine, phe- 
nytoin, or valproate may decrease the frequency or severity of postsyn- 
copal convulsions in the rare child with epileptic seizures triggered by 
the anoxic event. Children with known brainstem or posterior fossa 
malformations may also be at higher risk of prolonged syncope and 
clinically significant anoxia due to their abnormal respiratory drive, 
and these children may benefit from treatment. 

Pallid infant syncope. Pallid infant syncope occurs in response to 
transient cardiac asystole in children with a hypersensitive cardioin- 
hibitory reflex. This form is less common but more alarming. There is 
minimal crying, perhaps only a gasp, and no obvious apnea before the 
loss of consciousness. Again, there is a precipitating event; the child 
appears to lose consciousness after minimal injury or fright, collapses 
limply, and then may have posturing and clonic movements before 
regaining consciousness (see Table 30.14). 

Pallid infant syncope, if frequent and troublesome or if followed by 
prolonged GTC convulsions, can be treated with atropine, which 
blocks the vagus nerve—mediated asystole. Most affected children 
require no medical treatment. 

Hyperekplexia. A startle response is normally seen in children and 
adults in response to sudden, unexpected stimuli. There are 2 phases 
to a startle response: the initial startle followed by an orienting response 
to locate the stimulus. Hyperekplexia is characterized by an excessive 
startle response interfering with daily living, usually causing patients 
to fall stiffly with preserved consciousness. This disorder may present 
as early as infancy with hypertonia and dramatic startle responses that 
do not habituate or extinguish with repeated stimuli (meaning they 
continue to startle, no matter how many times a stimulus is given in a 
short period of time). The excessive startle and hypertonia can lead to 
genuinely life-threatening apneas and breath-holding spells when 
startled or upset. Generalized seizures have been reported in some 
cases; intellectual disability and delayed motor development appear to 
be common. The background EEG is usually normal. There may be 
some improvement with benzodiazepines or valproic acid. 

Mutations in the GLRAI gene, encoding the @-1 subunit of the 
glycine receptor, have been found in families with an autosomal domi- 
nant or recessive inheritance pattern. Glycine is a co-agonist for the 
N-methyl-p-aspartate (NMDA) receptor, which is an excitatory recep- 
tor critical for learning and neuronal plasticity. 

Sleep disorders. Also referred to as head banging or rocking, jac- 
tatio capitis nocturna consists of rhythmic to-and-fro movements of 
the head or rocking of the body. It occurs typically at the transition 
from wakefulness to sleep, early in the evening, or after arousal during 
the night. This behavior is quite common, occurring in up to 15% of 
children; it begins in infancy or early childhood, but may persist up to 
10 years of age. The child is not awake during the episode and does 
not remember the events, which usually last less than 15 minutes. In 
most cases, it is sufficient to ensure that the bed area is padded to 
prevent injury. 

Shivering attacks. Shivering or shuddering attacks are brief epi- 
sodes characterized by sudden flexion of the head and trunk associated 
with a rapid tremulous contraction of the musculature. The appear- 
ance is exactly that of a sudden brief shudder experienced normally 
when exposed to cold. In this condition, the shuddering occurs repeat- 
edly. Some infants experience more than 100 brief shudders per day. 
There may be clustering, with intervals of several weeks free of the 
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TABLE 30.14 Differential Diagnosis of Infantile Syncope 


Clinical 
Age range 
Precipitating factors 


Occurrence in sleep 


sequence of events 


Postictal symptoms 


Interictal EEG 


Ictal EEG 


Pathophysiology 


Infantile Syncope 

1-6 yr; peak, 6-18 mo 

Present (e.g., minor trauma, 
frustration, fright) 

Never 


Crying — exhale; apnea > 
cyanosis, loss of 
consciousness; 


opisthotonos — relaxation, 


resumption of breathing 


Usually minimal; infant may 
be lethargic and irritable 


Normal 


Reflects global cerebral 
hypoxia, diffuse rhythmic 
slowing — suppression — 
slowing with return of 
consciousness 


Respiratory arrest without 


Pallid Syncope 

1-6 yr 

Present (e.g., minor trauma, 
frustration, fright) 

Never 


Upset, usually not crying > 
sudden pallor — limp fall with 
fainting — tonic posture, or 
clonic jerks may occur 


Usually minimal; quick return to 
normal 


Normal 


Reflects global cerebral hypoxia; 
diffuse, rhythmic slowing > 
suppression — slowing with 
return of consciousness 


Vagal bradycardia or temporary 


Tonic-Clonic Seizures 
All ages 
Usually none 


Common 


sudden loss of consciousness 
increased tone, followed by 
synchronous jerking of body and 
limbs — unconsciousness; 
duration, 1-2 min 

Usually marked; unconsciousness 
initially, then confusion and 
lethargy 

Frequently abnormal with 
epileptiform discharges 

EEG seizure patterns; postictal 
diffuse suppression, then 
slowing 


Primary CNS event 


Infantile Spasms 
4-12 mo 
None 


At transition from awake to 
sleep and sleep to awake 


Sudden sustained flexion or 
extension of proximal limbs 
and trunk; duration, 

2-20 sec; seizures usually 
occur multiple times daily 


Rapid return to preictal state 


Abnormal background and 
epileptiform discharges 


High-amplitude slow transient 
waves — diffuse 
Suppression 


Primary CNS event, 


asystole asystole 


CNS, central nervous system; EEG, electroencephalogram. 


episodes. The child may assume a characteristic posture with flexion 
of head, trunk, and elbows and adduction of elbows and knees. 

The attacks have been described in children between the ages of 4 
months and 10 years, although most often the onset seems to occur in 
infancy and early childhood. The phenomenon is nonepileptic and 
benign, eventually disappearing. Some children and their relatives have 
been reported to have an essential tremor. The shuddering is faster and 
of lower amplitude than myoclonus and is paroxysmal, not sustained, 
as occurs with a tremor. An important epileptic disorder that must be 
ruled out is infantile spasms. 

Paroxysmal torticollis. Torticollis is an abnormal posturing of the 
head and neck, with the head flexed toward the shoulder and the neck 
rotated with the chin turned toward the opposite shoulder. The postur- 
ing is paroxysmal, although variable in duration, lasting minutes or 
days, and there is no loss of consciousness. Some children have associ- 
ated pallor, agitation, and vomiting, and the disorder has been sus- 
pected to result from labyrinthine dysfunction, like benign paroxysmal 
vertigo of childhood. The disorder is self-limited and remits in early 
childhood. There is an association with migraine in patients later in 
life and among their relatives. 

In older children, torticollis may occur as a focal dystonia persist- 
ing to adulthood. Familial cases have been described, and in some, the 
torticollis may be the earliest manifestation of a more generalized 
dystonia. 

Sustained abnormal posturing should prompt appropriate radio- 
logic investigations to exclude inflammatory or neoplastic disorders of 
the upper cervical spinal cord, posterior fossa, cervical spine, or soft 
tissues of the neck (particularly a retropharyngeal abscess). In very rare 
cases, gastroesophageal reflux manifests with dystonic posturing of the 
neck and upper trunk. Adverse extrapyramidal reactions to phenothi- 
azines and related drugs may produce dystonic posturing of the neck 
and trunk. 


age-related epileptic seizure 


The pharmacologic treatments for torticollis cover a number of 
different medication classes, including anticholinergics (trihexypheni- 
dyl), dopamine agonists (pramipexole), nonsteroidal antiinflamma- 
tory drugs (NSAIDs), baclofen, benzodiazepines (clonazepam), and B 
blockers (propranolol). Botox injections may be used for more refrac- 
tory cases. Physical therapy can also be very helpful. The most severe 
cases can be evaluated for surgical intervention, such as selective dener- 
vation or sternocleidomastoid release. 

Infantile masturbation. Episodes of genital self-stimulation may 
occur in young children. Toddlers may assume stereotyped posturing 
with tightening of the thighs or applied pressure to the suprapubic or 
pubic area not associated with manual stimulation of the vulva or 
rhythmic movements. The episodes vary in duration from minutes to 
hours and are often accompanied by irregular breathing, facial flush- 
ing, and diaphoresis, and the child may be irritated and cry if inter- 
rupted. A thorough history or a video of the episodes may be sufficient 
to make this diagnosis. 

Spasmus nutans. Spasmus nutans is a rare disorder of unknown 
origin characterized by nystagmoid eye movements, head nodding, 
and torticollis. Head nodding may develop before the nystagmus and 
can be horizontal, vertical, or mixed. Both the head movements and 
the nystagmus may be paroxysmal, allowing confusion with seizures. 
There is no loss of consciousness during an episode. Small-amplitude 
rapid eye movements are typical; they tend to be asymmetric between 
the eyes and may even be monocular. The eye movements vary in 
prominence with different directions of gaze. 

This is usually a self-limited disorder with onset between 4 and 18 
months of age and not persisting after age 3 years, although nystagmus 
alone may persist in some children. Investigations should include 
imaging of the brain with special focus on the optic nerves, optic 
chiasma, and brainstem, because some cases have been associated with 
CNS tumors. 


Benign paroxysmal vertigo. Benign paroxysmal vertigo may be 
confused with seizures because attacks develop suddenly, are accom- 
panied by ataxia, and may cause the infant or young child to fall. There 
is pallor, distress, and assumption of a motionless, often supine, posi- 
tion, but no loss of consciousness; older children can recall the event. 
There may be vomiting with associated nystagmus. Attacks last seconds 
to minutes and vary in frequency, sometimes occurring daily. Older 
children can identify symptoms of nausea and vertigo and are less 
likely to be thought to be experiencing seizures. The children are 
normal between attacks. The condition is closely related to migraine, 
with many shared symptoms and the later development of more 
typical migrainous headache. 

Benign myoclonus of early infancy. This uncommon syndrome 
may resemble the cryptogenic form of infantile spasms at onset, 
with bilateral myoclonic jerks developing in a previously normal 
infant. However, this is a benign, probably nonepileptic condition 
occurring in infants 3-8 months of age and disappearing after a 
period of weeks or months. The pattern of myoclonus may dif- 
ferentiate it from infantile spasms, including predominant involve- 
ment of the head, neck, and upper limbs with adversive head 
movements or tremors without involving the lower limbs. The EEG 
is normal. Myoclonic movements are not accompanied by an EEG 
seizure pattern. These abnormal movements may necessitate moni- 
toring to establish a nonepileptic diagnosis. There is no arrest of 
normal development or regression as is seen in West syndrome. 
Most important, the myoclonus remits, not persisting after 2 years 
of age, and there is increased risk for other seizure patterns after 
its cessation. 

Alternating hemiplegia of childhood. Alternating hemiplegia of 
childhood is a rare syndrome of episodic hemiplegia that usually mani- 
fests in infancy with the following diagnostic criteria: 

1. Onset before age 18 months, often before age 6 months 

2. Recurrent episodes of fluctuating hemiparesis or hemiplegia affect- 
ing both sides of the body and disappearing during sleep 

3. Other paroxysmal phenomena: tonic seizures, dystonic posturing, 
choreoathetosis, nystagmus, and other paroxysmal oculomotor dis- 
turbances; and autonomic dysfunction, occurring during or 
between hemiplegic episodes 

4. Progressive cognitive and neurologic deficits 

The pathophysiologic mechanism remains unknown, although 
there are reports of mitochondrial dysfunction in some cases and an 
autosomal dominant pattern of inheritance in others. The differential 
diagnosis includes paroxysmal choreoathetosis and dystonia syn- 
dromes, familial hemiplegic migraine, transient ischemic attacks asso- 
ciated with cerebral vascular abnormalities such as moyamoya disease 
or cardiac emboli, mitochondrial disorders, hyperviscosity, sickle cell 
anemia crises, inherited disorders of metabolism (pyruvate dehydro- 
genase deficiency and Leigh disease), and epileptic seizures with post- 
ictal paralysis. Symptomatic treatment is available with calcium 
channel blockers; flunarizine is the one most commonly cited in the 
literature, but is not available in the United States or Japan. An alterna- 
tive calcium channel blocker would be nimodipine. 

There have been case reports of a similar-appearing disorder with 
nocturnal paroxysmal events of flaccid hemiplegia lasting up to several 
hours at a time. The key differentiating factors are that these children 
are essentially normal prior to diagnosis, the events occur during 
sleep, and the children appear to outgrow these spells by mid- 
childhood without significant long-term neurologic sequelae. This is 
known as benign nocturnal alternating hemiplegia of childhood. 
No consistent genetic mutations have been associated with this dis- 
order, and there is no consistent response to antiepileptics or calcium 
channel blockers. 


CHAPTER 30 Paroxysmal Disorders 


Acute Symptomatic Seizures and Occasional Seizures 


Febrile convulsions. Febrile convulsions are common and are 
defined as seizures occurring between the ages of 6 months and 5 years 
in association with a fever in the absence of intracranial infection. 
Patients with a history of previous afebrile seizures are not included in 
the affected population. The temperature elevation is variable. The 
highest incidence of febrile convulsions occurs between 1 and 2 years 
of age, and 85% of febrile convulsions occur before the age of 4 years. 
The incidence is between 2% and 5%; it is slightly more common 
in boys. 

The seizures are usually brief with generalized clonic or tonic- 
clonic motor involvement without any postictal paralysis or a pro- 
longed postictal state of confusion or drowsiness. The seizures generally 
occur well within the first 24 hours of a febrile illness, not necessarily 
when the fever is highest; they may be the first indication of illness. 
Complicated febrile convulsions are defined as those lasting longer 
than 15 minutes, recurring during a single febrile illness, having uni- 
lateral or focal features, or followed by postictal paralysis. Seizures 
occurring late in a febrile illness should raise suspicions of encephalitis, 
brain abscess, or meningitis. Febrile delirium and even rigors may be 
mistaken for seizure activity. 

The initial investigation must include a search for the cause of the 
febrile illness. For this diagnosis, it is essential that primary CNS infec- 
tion be ruled out as the cause of both the fever and the seizures. A 
lumbar puncture is recommended in children younger than 12 months 
of age if there is any suspicion of intracranial infection, and when 
features of the seizure or postictal state suggest a focal or lateralized 
seizure. Herpes simplex encephalitis in particular should be considered 
in children presenting with evidence of encephalitis and focal seizures. 
Computed tomography, MRI, and EEG may be part of the work-up if 
an underlying CNS infection is suspected or a neurologic deficit has 
been revealed by the history or examination. 

However, if the history is consistent with a febrile seizure, the child 
is in the appropriate age range and is developmentally normal, a fever 
has been documented, and an obvious source of infection has been 
found, extensive investigations are unnecessary. Many clinicians would 
not perform a lumbar puncture or obtain an EEG in an otherwise 
healthy child with an uncomplicated febrile seizure over the age of 2 
years who has an obvious source of infection such as otitis media or a 
urinary tract infection. 

Treatment of a child still in convulsion on arrival at the hospital 
should include prompt attention to protection of the airway and cir- 
culation. Giving acetaminophen rectally should lower the fever. Nasal 
or rectal diazepam or intravenous lorazepam should be administered 
if the child has been seizing for more than 10 minutes. Some children 
may require hospital admission. The family should be advised that 
future fevers with temperatures above 38°C (100.4°F) may be treated 
with regular acetaminophen or ibuprofen to make the child more 
comfortable; however, this does not guarantee that future febrile con- 
vulsions will be prevented, even if the parents respond to the first 
elevated temperature. 

There is no increased rate of mortality from true febrile convul- 
sions, and the mental and neurologic development can be expected to 
be normal after a simple febrile convulsion. However, approximately 
30% of febrile convulsions recur in future febrile illness, and the 
parents should be warned of this. Recurrence is most likely in the first 
6-12 months after the initial febrile convulsion. Other factors that 
increase the chance of recurrence are onset at a young age, preexisting 
neurologic abnormalities, and family history of epilepsy or febrile 
convulsions. 

Most authorities would advise no treatment for almost all children 
with febrile convulsions. Rare exceptions include children presenting 
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with prolonged (>15 minutes) seizures and children younger than 12 
months old with multiple recurrences. For children with recurrent 
prolonged febrile seizures, rectal diazepam could be considered as an 
abortive therapy. Children with recurrent episodes of febrile status 
epilepticus, particularly starting under 1 year of age, with focal fea- 
tures, or associated with any insidious neurologic or cognitive decline, 
should be referred to a neurologist for further evaluation, particularly 
for sodium channelopathies such as Dravet syndrome or generalized 
epilepsy with febrile seizures plus (GEFS+), as detailed in Tables 30.3 
and 30.15. Informing and reassuring parents of the benign nature and 
usual course of febrile convulsions are very important and may be of 
greater value than any medication. 

There appears to be an increased risk of epilepsy among children 
with febrile convulsions. Overall, the risk is approximately 3%. Risk 
factors increasing the likelihood of future epilepsy include existence of 
a prior neurologic abnormality, prolonged convulsions (>30 minutes), 
focal or lateralized features of the seizure, and repeated convulsions 
within 24 hours. The incidence of epilepsy increases from 3% of those 
without risk factors to 49% of those with 3 risk factors. Risk factors for 
epilepsy with generalized seizures are more than 3 febrile seizures and 
epilepsy in a first-degree relative, which suggests that febrile convul- 
sions in these individuals may be a manifestation of an increased 
predisposition to epilepsy. For epilepsy with focal seizures, the risk 
factors are prolonged convulsions, focal features of the seizure, and 
repeated seizures within 24 hours, which suggest either a causative role 
of febrile convulsions in partial epilepsy or a preexisting brain lesion. 
The number of recurrences of febrile seizures has not been shown to 
be a risk factor for later epilepsy. There is no evidence that AED treat- 
ment of febrile seizures affects the risk for later development of afebrile 
seizures. 


Epileptic Syndromes 
West syndrome 

° Peak presentation: ages 4-8 months 

e Red flags: daily clusters of brief hiccupping or startle-type seizures, 
particularly upon waking up or falling asleep. Developmental 
regression. 

° Acuity: emergent to urgent; ideally obtain an EEG within a week 
and call a neurologist if this diagnosis is suspected. Must be 
managed by a neurologist due to atypical treatment needs (adre- 
nocorticotropic hormone [ACTH]), which may require hospital 
admission. 

° Prognosis: generally poor, particularly if the diagnosis is missed 
West syndrome, or severe encephalopathic epilepsy in infants, is char- 
acterized by infantile spasms, the hypsarrhythmic EEG pattern, and 
developmental delay. It is a severe and devastating form of epilepsy, 
usually with evidence of diffuse cerebral dysfunction and a poor prog- 
nosis in most cases. The incidence is about 1/4000-6000 infants with 
onset between 3 and 12 months of age; peak onset is 4-8 months. 

A spasm is a brief bilateral tonic contraction of muscles of the trunk, 
neck, and limbs, usually but not always symmetric. These seizures are 
commonly overlooked by both families and physicians for weeks to 
months; they can be confused for hiccupping, startling, the Moro reflex, 
or be subtle enough to be missed entirely. They classically occur in 
multiple daily clusters lasting 10-15 minutes, with each cluster contain- 
ing anywhere from a few spasms to dozens. The clusters occur during 
the transitions between wakefulness and sleep, so are most common 
in the early morning and evening, or occasionally around naptimes. 


TABLE 30.15 Paroxysmal Disorders 
of Childhood 


Nonepileptiform Disorders 

Breath-holding spells *' 

Syncope’ 

Migraine and migraine equivalents, recurrent abdominal pain, cyclic 
vomiting* 

hice 

Spasmodic torticollis’ 

Drug reactions, dystonia 

Paroxysmal choreoathetosis 

Gastroesophageal reflux 

Benign paroxysmal vertigo’ 

Myoclonus, nonepileptic; anxiety, excitement, acute metabolic 
encephalopathy’ 

Hyperexplexia 

Masturbation’ 

Withholding, constipation™ 

Daydreaming, staring spells 

Stereotypical movements, autism, coexistent deafness and blindness 

Factitious syndrome by proxy (Munchausen syndrome by proxy) 

Hyperventilation’ 

Psychogenic seizures’ 

Transient global amnesia’ 

Sleep” 

Head banging, jactatio capitis’ 

Pavor nocturnus 

somnambulism, somniloquy 


Acute Symptomatic Seizures, Occasional Seizures 

Febrile convulsions* 

Brain tumor 

Meningitis, encephalitis 

Head injury, child abuse 

Poisoning 

Intercurrent medical illness; renal, liver disease; cardiac right-to-left shunt; 
and embolism 

Metabolic disease, rickets 


Epileptic Syndromes 

Benign partial epilepsies* 

Symptomatic focal epilepsy” 

Epilepsia partialis continua 

Rasmussen encephalitis 

Autosomal dominant nocturnal frontal lobe epilepsy 

Epileptic encephalopathy with continuous spike-and-wave pattern during 
sleep 

Benign epilepsy with centrotemporal spikes (benign rolandic epilepsy) 

Hemiconvulsion hemiplegia syndrome 

Childhood absence epilepsy* 

Epilepsy with myoclonic absences 

Lennox-Gastaut syndrome 

Epilepsy with myoclonic atonia (previously astatic) seizures (Doose 
syndrome) 

Landau-Kleffner syndrome 

Febrile seizures plus 

Panayiotopoulos syndrome 


The extent of muscle involvement varies from a powerful contrac- 
tion that jackknifes the body to minimal contraction of truncal muscles 
that causes only stiffening. Spasms may involve truncal flexion, exten- 
sion, or both; the child may fling out their arms or elevate them for 


*Common. 
tSee infant section for discussion. 
*See adolescent section for discussion. 


several seconds. Eye movements are commonly associated with the 
spasm, either as deviation or as repetitive nystagmoid upward jerks. 
Apnea is common, but tachypnea is uncommon. Children may cry out 
or seem to giggle at the end of the spasm. 

As the spasms continue, there may be insidious loss of developmen- 
tal motor milestones such as sitting, rolling, babbling, or head control. 
Another commonly described regression is a decline in visual atten- 
tiveness, meaning that the child no longer easily regards faces, tracks 
moving objects, or reaches for toys. This is due to the progressive corti- 
cal dysfunction caused by the underlying hypsarrhythmic EEG pattern. 

The differential diagnosis can include colic, exaggerated Moro 
reflexes, or normal myoclonic jerks on falling asleep or waking. Mul- 
tiple myoclonic seizure syndromes, both benign and otherwise, occur 
in this age group and must be distinguished from infantile spasms by 
a neurologist. 

Evaluation: EEG, MRI. The term hypsarrhythmia in an EEG 
report is specific for a diagnosis of infantile spasms. The hypsarrhyth- 
mic EEG pattern is a high-amplitude, chaotic slowing of generalized 
distribution without interhemispheric synchronization and with mul- 
tifocal epileptiform discharges throughout. Hypsarrhythmia is more 
frequent in younger infants and early in the course of the disorder, and 
it is more common to find some modified variant of it. In a child with 
a strong clinical suspicion of infantile spasms, sleep must be captured 
in the EEG, as early in the course, the hypsarrhythmic pattern is only 
evident during sleep. 

Investigation of patients with infantile spasms is directed at deter- 
mining the cause and then determining whether there is an underlying 
genetic, structural, or metabolic etiology. Infantile spasms can be 
caused by a wide variety of neurologic insults; the most common etio- 
logic factor is perinatal hypoxic-ischemic encephalopathy. Other 
important associations include intrauterine infection, prematurity, 
intracranial hemorrhage, malformations of cortical development, 
tuberous sclerosis, head injury, CNS infection, and inborn errors of 
metabolism. If infantile spasms are seen in conjunction with agenesis 
of the corpus callosum and retinal abnormalities on eye examination, 
this suggests a diagnosis of Aicardi syndrome. 

Approximately 95% of children with an identified cause (structural, 
genetic, or metabolic) have a prognosis of moderate-to-severe neuro- 
logic injury, including refractory epilepsy, cognitive impairment, or 
permanent developmental sequelae. 

Approximately 10-15% of patients have no identifiable underlying 
cause and a history of normal development before the onset of their 
illness; this subset is referred to as cryptogenic, or idiopathic, West 
syndrome. This subset of patients is likely to have a much better long- 
term outcome: 38% of these patients are normal or mildly impaired, 
in comparison with only 5% of symptomatic patients. 

A unique subset of patients who may develop infantile spasms is 
children with trisomy 21 (Down syndrome). The incidence of infan- 
tile spasms in this group is 1-5%. Though they have a genetic disorder 
and baseline neurologic abnormalities, these children have a particu- 
larly high response rate to treatment with ACTH with rapid resolution 
of the abnormal hypsarrhythmia on EEG. 

About 50% of infants go on to have other seizure types when 
spasms cease. Persistence of the epilepsy in most of the patients is 
associated with loss of the spasms and development of other seizure 
types, such as tonic seizures, focal seizures, and tonic-clonic seizures. 
Approximately half of children with Lennox-Gastaut syndrome, a 
combination of cognitive disability, generalized seizures, and a distinc- 
tive abnormal EEG pattern, have a history of infantile spasms. Seizures 
very similar in appearance to infantile spasms (brief myoclonic or 
tonic seizures occurring in clusters) may recur later in childhood, and 
these are referred to as epileptic spasms. 
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Treatment with corticosteroids aborts the spasms in a significant 
number of infants. There are 2 approaches: intramuscular injections 
of synthetic ACTH gel or high-dose oral steroids. Both treatment regi- 
mens generally last 8-12 weeks, and both require frequent monitoring 
for side effects. The spasms should cease and the EEG patterns improve 
if the child has responded. The pediatrician may be called upon to 
monitor electrolytes, blood pressures, or signs of illness while the child 
is under treatment. Live vaccinations are generally held for 6-12 
months after a course of immunomodulatory therapy. 

Vigabatrin is another effective AED for infantile spasms, and it 
has been shown to be particularly effective in the treatment of 
infantile spasms with tuberous sclerosis or other focal cortical dys- 
plasias. However, this medication is currently strictly regulated in 
its prescription, and patients on vigabatrin require examinations 
by an ophthalmologist every 3 months due to the small risk of 
permanent peripheral vision loss with prolonged use of the medica- 
tion. Most patients with infantile spasms take vigabatrin for 6 months 
or fewer. 

Many other antiepileptic medications, including topiramate, 
lamotrigine, valproic acid, and benzodiazepines, have had some effi- 
cacy in isolated cases, but this response is unpredictable. ACTH, cor- 
ticosteroids, and vigabatrin are the most commonly used medications 
with the highest efficacy across multiple etiologies. 

Severe myoclonic epilepsy in infancy (Dravet syndrome) 

° Peak presentation: ages 9-18 months 

° Red flags: normal development until the onset of multiple episodes 
of prolonged febrile status epilepticus, often with focal features; 
seizures provoked by warm ambient temperatures, hot baths, fever, 
or vaccinations 

° Acuity: urgent due to the development of medically refractory epi- 
lepsy and potential for multiple episodes of status epilepticus 

° Prognosis: poor; identified cause of some cases of so-called vaccine 
encephalopathy 

Severe myoclonic epilepsy in infancy is a rare generalized epilepsy 
appearing in the first year of life. The syndrome differs from the myo- 
clonic syndromes already described (early myoclonic encephalopathy 
and early infantile encephalopathic epilepsy) by its later onset and the 
EEG findings. A mutation of a voltage-gated sodium channel gene 
(SCNIA, SCNYA) is seen in up to 79% of cases (see Table 30.3). 

The child may present with febrile or afebrile seizures, usually with 
normal psychomotor development preceding the onset of seizures, and 
often with a family history of epilepsy. The seizures are generalized or 
unilateral clonic seizures; myoclonic seizures appear later (and may not 
be a major feature of the disorder, despite the name), between 8 
months and 4 years of age; and focal seizures and atypical absences 
may occur. The interictal EEG may be normal initially and only later 
show fast, generalized, spike-and-wave epileptiform discharges and 
focal abnormalities. 

The seizures are usually refractory to many commonly used AEDs 
due to the fact that these AEDs act on sodium channels and this dis- 
order is generally caused by sodium channel mutations. Antiepileptic 
medications that may worsen seizures or be ineffective in Dravet syn- 
drome include phenytoin, lamotrigine, carbamazepine, oxcarbazepine, 
and vigabatrin. 


Childhood 


The paroxysmal disorders of childhood (2-12 years) are given in 
Table 30.15. 


Paroxysmal Nonepileptic Disorders 


Migraine and migraine equivalents. Migraine is a common disor- 
der, and some episodes may be confused with seizures because of their 
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paroxysmal nature and association with neurologic deficits or altered 
consciousness (see Chapter 28). The presentation of migraines in chil- 
dren may also be markedly different than that in adolescents and 
adults; “migraine equivalents” are paroxysmal disorders that are 
strongly associated with the later development of migraines and may 
share similar underlying pathophysiologic mechanisms. 

When evaluating paroxysmal events suspected to be migraines or 
migraine equivalents, the following red flags should prompt expedited 
neuroimaging, specialist evaluation, or emergency room evaluation, 
depending upon the severity of the symptom and how ill the child 
appears: 

° Sudden severe head pain that awakens the child from sleep 

° Positional symptoms, meaning that the child’s headache or vomit- 
ing dramatically worsens or improves with simple positional 
changes from lying to sitting 

° Abnormal eye movements, such as prominent nystagmus (jerky eye 
movements) or a forced downward gaze 

° Focal neurologic symptoms including focal limb weakness or facial 
droop 

° Altered mental status 

In cyclic vomiting, recurrent attacks of nausea, vomiting, and 
abdominal pain occur on a daily or weekly basis without any evidence 
of intercurrent illness or objective evidence of gastrointestinal pathol- 
ogy. There is no confusion or disorientation associated with these 


spells. Typically, there are symptom-free intervals lasting weeks to 
months, and recurrence is unpredictable. There may be a strong family 
history of migraine, and there appears to be some overlap of the cyclic 
vomiting with migraine. 
Tic disorders 
° Peak presentation: age 5-7 years 
e Classical features: no alteration of awareness, stereotyped behav- 
iors, a sensation of “compulsion” to perform the behavior and 
“relief” once it is completed. 
° Acuity: low 
° Prognosis: excellent, although disabling tics and psychiatric comor- 
bidities should be addressed, if present 
Tics are common and are sudden, brief, purposeless involuntary 
movements or vocalizations that occur during wakefulness only; chil- 
dren may describe a sense of compulsion and can briefly suppress the 
behavior, but have a sense of relief when performing the suppressed 
action (Table 30.16). Children may have phonic tics (such as tongue 
clicking or throat clearing), motor tics (such as blinking, sniffing, or 
shrugging), or any combination of both. Tics are treated when they 
become disruptive, socially unacceptable, or physically uncomfortable, 
but otherwise they are considered benign and normally do not require 
pharmacologic treatment. Common comorbidities that should be 
screened for include anxiety, attention-deficit/hyperactivity disorder 
(ADHD), and obsessive-compulsive disorder. 


TABLE 30.16 Abnormal Involuntary Movements 


Movement Characteristics 


Tics Brief involuntary movements (motor tics) or sounds (phonic or vocal tics) occurring against a background 


of normal motor activity 


Associations 


Idiopathic tic disorders 
Tourette syndrome 


Tics may be simple, sudden brief movements such as shrugging a shoulder, blinking, or grimacing; or 
complex, more coordinated movement that might appear purposeful, such as hitting or touching 
Snorting, sniffing, or throat clearing are examples of simple phonic tics and short utterances, echolalia, 


or coprolalia are complex phonic tics 


Tremor 
The movements may involve proximal and axial muscles 


Movements caused by rhythmically alternating contractions of a muscle group and its antagonists 


Physiologic tremor, essential tremor 


Classified as resting, postural, or action tremors according to the response to these maneuvers 


Chorea 
by the patient 


Athetosis 
The movements are random 


Slow writhing movements of the extremities, often distal extremities 


Random brief limb movements of variable duration; these can be incorporated into voluntary movements SLE 


Wilson disease 
Rheumatic fever 
Autoimmune encephalitis 
Postinfectious 


Kernicterus 


Often involuntary movements of this type have some features of chorea and are termed choreoathetoid 


Dystonia 
and repetitive movements or abnormal postures 


Sustained muscle co-contraction of agonist and antagonist muscle groups, frequently causing twisting 


Idiopathic (inherited) syndromes 
Postlesional syndromes 


The velocity of the movements varies, usually being sustained at the height of the involuntary 


contraction for 1 sec or longer 


The duration also varies in different syndromes; in spasmodic torticollis, there may be rhythmic jerks or 


spasms into the abnormal posture 


Subclassified by extent (focal, segmental, multifocal, and generalized) and relationship to movement 


(action and rest) 


Myoclonus 
Can be epileptic or nonepileptic in origin 


Ballismus Wild, large-amplitude, irregular limb movements 
Asterixis 


Dyskinesia 


SLE, systemic lupus erythematosus. 


Rapid brief muscle jerks with an irregular or occasionally rhythmic quality 


Repetitive movements caused by sudden, brief, irregular lapses in posture of an extremity 


Encephalopathies 

Idiopathic and symptomatic 
epilepsies 

Postlesional 

Metabolic encephalopathies 


sometimes used as a general term to describe abnormal involuntary movements 


They often become noticeable in early grade school years, around 
the time that some children start stimulant medications for attention 
deficit disorder. This temporal association has led to the misconception 
that the stimulant medications have caused the tics. 

,-Agonists such as clonidine are common first-line treatments for 
disruptive or disabling tics; more severe tics can be treated with atypi- 
cal antipsychotics such as risperidone. 

Tourette syndrome is diagnosed when a child has had multiple 
motor tics and at least 1 phonic tic present for longer than 1 year. Other 
tic disorders can be purely motor or purely phonic, and are classified 
according to their symptoms and duration (transient vs. chronic). 

Table 30.16 outlines some of the clinical features of episodic abnor- 
mal movements that may appear in children. 

Sleep disorders 
° Peak presentation: age 2-7 years 
° Classical features: occurring a few hours after falling asleep (“around 

midnight”), nonstereotyped behaviors, screaming, agitation, and 

inconsolability despite being apparently awake, no memory of 
frightening imagery 

° Acuity: low 

° Prognosis: excellent, although children with frequent episodes may 

need to be monitored by their parents to prevent injury during a 

panicked state 

Night terrors and confusional arousals. Night terrors are a 
common phenomenon in children and are most frequent in boys aged 
5-7 years. Up to 15% of children younger than 7 years have experienced 
some form of these episodes. The attacks are characterized by sudden 
arousal from sleep, often screaming in terror, and then crying with 
agitation and tachycardia. There may be vigorous and potentially inju- 
rious motor activity in older children, such as running or hitting the 
bed or wall. The striking feature of these episodes is that the child is 
inconsolable but seemingly awake. The episodes arise out of slow-wave 
non-rapid eye movement sleep, usually occurring 1-2 hours after 
bedtime, and are not responses to dream imagery (i.e., not night- 
mares). Episodes last several minutes. Prior sleep deprivation, febrile 
illness, emotional stress, and some medications (sedatives/hypnotics, 
neuroleptics, stimulants, antihistamines) may be precipitants. In con- 
trast to the experience of nightmares, children are amnestic for the 
events and their distress in night terrors. 

Confusional arousals are less dramatic attacks with similar origin 
from slow-wave sleep and are more typical in younger children. The 
affected child stirs and begins crying and whimpering inconsolably. 
These arousals may be prolonged in infants, lasting up to 30-40 
minutes. 

There is no specific treatment for these events; parents should be 
educated about the nature of these arousals and reassured that they are 
self-limited. 

The most important mimic of parasomnias is nocturnal seizures. 
Nocturnal frontal lobe seizures occur during sleep and can have 
bizarre hypermotor behaviors such as rolling, turning, picking, yelling, 
and fumbling. In school-aged children, benign rolandic epilepsy man- 
ifests itself as seizures when coming out of sleep with gurgling, saliva- 
tion, hemifacial and hemibody twitching, and often partially preserved 
consciousness of the event. Important distinguishing historical factors 
between seizures and parasomnias are the time of onset (seizures: 
shortly after falling asleep or early in the morning), duration (most 
seizures last 1-2 minutes, and parasomnias can have a significantly 
longer duration), and any associated tongue bite, urinary incontinence, 
or insidious behavioral or developmental regression. 

Somnambulism. Somnambulism, or sleepwalking, is common in 
childhood. Approximately 15% of children have walked in their sleep, 
especially in the 2-3 years old age group, and 2.5% are habitual 
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sleepwalkers, having episodes at least once a month. The age at onset 
peaks between 4 and 10 years. There is a family history of sleepwalking 
and other parasomnias in 60-80% of patients. These episodes of appar- 
ent unresponsiveness and “automatisms” could be mistaken for focal 
dyscognitive seizures or a postictal state. 

Self-stimulatory behavior/stereotypies. Repetitive purposeless 
movements may be performed by children on the autism spectrum or 
with cognitive disabilities. Combined with unresponsiveness, these 
behaviors may be mistaken for automatisms in focal dyscognitive sei- 
zures. The important features that distinguish such behavior from 
epileptic activity are the setting in which it occurs, the variable content 
and duration of the “attacks,” and the complete failure of the episodes 
to interrupt more stimulating activities. However, it may be very dif- 
ficult to determine the nature of the episodes by interview; video and 
EEG monitoring may be required. These behaviors are not harmful 
and may provide soothing sensory input to the child performing them. 


Acute Symptomatic Seizures and Occasional Seizures 


Febrile convulsions remain one of the most common causes of occa- 
sional seizures in early childhood. Head injury is more common in 
childhood than in infancy, but the list of other potential causes of 
seizures, including brain tumor, intracranial infection, and poisoning, 
is very similar. In addition, some metabolic and neurodegenerative 
disorders manifest in childhood, not in infancy (Table 30.17). 


Epileptic Syndromes 

Benign partial epilepsies of childhood. Focal seizures and focal 
EEG discharges usually suggest the presence of a localized cerebral 
lesion. There is a group of idiopathic partial epilepsies beginning in 
children without abnormalities on neurologic examination or neuro- 
imaging studies, and frequently, with a family history of epilepsy. The 
benign partial epilepsies of childhood (BPECs) are characterized by 
focal seizures and focal epileptiform discharges, both with age- 
dependent spontaneous recovery, in the absence of anatomic lesions. 

Clinically, the seizures begin between 18 months and 12 years of 
age, most often at 8-10 years; there is no neurologic deficit or devel- 
opmental delay. The seizures are brief and stereotyped in an individual, 
although they vary among patients. The seizures do not have a pro- 
longed postictal deficit, are usually infrequent, and respond well to 
AED treatment. The focal epileptiform discharges occur with normal 
background rhythms. The sharp waves or spikes have a characteristic 
structure and are often very frequent, increasing during sleep. Rare 
generalized epileptiform discharges may occur, but if they are promi- 
nent, the diagnosis of BPEC should be questioned. 

The most well-defined form of BPEC is benign epilepsy with cen- 
trotemporal spikes and seizures (BECTS), often referred to as benign 
Rolandic epilepsy. Brief hemifacial motor seizures with anarthria 
and drooling are typical, frequently when coming out of sleep. Con- 
sciousness is typically preserved, although this may not be true with 
longer seizures. A somatosensory aura involving the tongue, cheek, or 
gums may precede the motor seizure. Many seizures occur at night as 
tonic-clonic seizures, presumably secondary generalized with unwit- 
nessed partial onset. Onset is between 3 and 13 years, with a peak 
onset at 9-10 years; there is a male-to-female predominance of 
approximately 3:2. 

Management depends on seizure frequency; if the typical EEG dis- 
charges have been found in a child without seizures or after a first 
seizure, there is usually no indication to treat with AEDs. If seizures 
are infrequent and nocturnal, the option of no treatment should be 
discussed. AED treatment should be considered for patients experienc- 
ing more frequent seizures, troublesome seizures during the day, or 
seizures associated with any morbidity such as postictal headaches or 
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TABLE 30.17 


with Seizures in Childhood and Adolescence 


Inherited Disorders of Metabolism and Neurodegenerative Diseases Associated 


Name Clinical Features and Laboratory Findings 


Syndrome of Progressive Myoclonus Epilepsy 

Multiple specific disorders cause the clinical syndrome of PME 

Prominent myoclonus: irregular repetitive, spontaneous or with action, stimulus sensitive 
Associated seizure types: usually tonic-clonic, but also tonic, absence, and partial seizures 
Progressive neurologic deterioration, with prominent ataxia and other motor signs developing later 
Progressive dementia, varying in degree between the specific disorders 


Most Cases Are Caused by the Following 5 Disorders: 

Unverricht-Lundborg Onset, ages 8-15 yr; myoclonus and GIC seizures, cerebellar ataxia, 
slowly progressive but mild cognitive decline; patients have long 
survival in comparison to other disorders in this group 

Myoclonus epilepsy and ragged 

red fibers (MERRF) 


Onset, ages 5-12 yr (range, 3-62 yr); myoclonus, GTC seizures, progressive 
ataxia, dementia 

Other features include deafness, optic atrophy, neuropathy, myopathy, 
pyramidal signs, dysarthria, and nystagmus 

There may be clinical overlap with other mitochondrial 
encephalomyopathies: mitochondrial encephalomyopathy with lactic 
acidosis and strokelike episodes (MELAS) and Kearns-Sayre syndrome 


Onset, ages 10-19 yr; generalized clonic, GTC, and partial seizures with 
visual auras; myoclonus develops later and becomes very disabling; 
severe dementia; death within 5 yr of disease onset 

Lafora bodies (intracellular amyloid inclusions) are found in skin, muscle, 
neurons, and hepatocytes 


Lafora body disease 


Neuronal Ceroid Lipofuscinosis 
Late infantile form (Jansky- Onset, ages 2-4 yr; severe epilepsy, myoclonic, GTC, atonic, atypical 
Bielschowsky) absence seizures (not tonic, vs Lennox-Gastaut syndrome), progressive 
severe dementia, ataxia, pyramidal and extrapyramidal signs, visual 
loss later, usually death in adolescence 
Ophthalmologic examination necessary; on EEG, marked photic sensitivity 

to 1-Hz stimulation, electroretinogram (ERG) and visual evoked potential 
(VEP) abnormalities 


Juvenile form (Batten- 
Spielmeyer-Vogt) 


Onset, ages 4-10 yr; usually manifests with decreased visual acuity 
secondary to retinal degeneration, psychomotor delay, cerebellar and 
extrapyramidal signs, later onset of seizures, and GTC and myoclonus 

Progressive severe dementia accompanies the other neurologic signs 

Death in early adulthood 

ERG and VEP abnormalities 


Onset, ages 11-50 yr; dementia, psychiatric symptoms, cerebellar signs, 
and extrapyramidal signs are most prominent; seizures often tonic; 
visual disturbances are less common; fundi are normal; on EEG, marked 
photic sensitivity to 1-Hz stimulation 


Adult onset (Kufs) 


Sialidosis 
Type 1 Onset, ages 8-20 yr; decreased visual acuity and macular cherry-red spot; 
action- and stimulus-induced myoclonus; cerebellar ataxia; no dementia 
or decreased length of survival 
A peripheral neuropathy may be present 
Type 2 Onset, ages 10-30 yr; described in Japanese patients 


Coarse facial features and PME syndrome 
Elevated excretion of urinary sialylated oligosaccharides, enzyme analysis 
shows deficiency of o-N-acetylneuraminidase (both type 1 and type 2) 


Investigations 


Chromosome 21q22; cystatin B mutations 
Clinical diagnosis must exclude other causes of 
PME syndrome 


serum and CSF lactate and pyruvate 
measurements 

Muscle biopsy; light microscopy, electron 
microscopy (EM), biochemical analysis of 
oxidative metabolism, and DNA studies 


Biopsy of skin must include eccrine sweat 
glands (i.e., axilla) to exclude lafora bodies 

Chromosome 6q24; gene EPM2A produces 
laforin 


Skin, conjunctival, or rectal mucosal biopsy; skin 
biopsy is the most practical and least morbid. 
EM of circulating lymphocytes can be used for 
screening 

Lipopigment accumulation in lysosomes best 
seen in eccrine secretory cells; the inclusions 
have a characteristic structure on EM that 
differs between the different subtypes of 
neuronal ceroid lipofuscinosis 

EEG, ERG, and VEP testing 


Same as for the late infantile form 


Urine specimen, blood sample for cultured 
leukocytes, and skin biopsy to obtain cultured 
fibroblasts for enzyme analysis 


Same as for type 1 


TABLE 30.17 
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Inherited Disorders of Metabolism and Neurodegenerative Diseases Associated 


with Seizures in Childhood and Adolescence—cont’d 


Name 


Less Common Causes of PME Syndrome in This Age Group: 
Juvenile neuronopathic Gaucher disease; PME, supranuclear palsy, and splenomegaly; no dementia; 


pancytopenia on CBC, leukocytes show low B-glucocerebrosidase activity 


Dentatorubral-pallidoluysian atrophy, seen in Japanese patients; PME is 1 manifestation 


Neuroaxonal dystrophy; may appear as PME; also, chorea, lower motor neuron signs; axon steroids in 
neurons, may be seen in autonomic nerve endings around eccrine secretory coils 


Late-onset GM, gangliosidosis; sensitivity to acoustic stimulus; myoclonus, severe dementia, dystonia, 


pyramidal signs; cherry-red spot may be seen on the macula 
Hallervorden-Spatz disease 


Action myoclonus—renal failure syndrome, described in French-Canadians; tremor, PME, and, later, proteinuria 


and renal failure: no dementia 


Clinical Features and Laboratory Findings 


Investigations 


CBC, leukocytes for enzyme analysis 


Clinical diagnosis in life 
Peripheral nerve biopsy, skin biopsy 


Hexosaminidase A activity 


Clinical diagnosis in life 
Clinical diagnosis, renal function 


Other Rare Disorders with Seizures in Childhood and Adolescence 


Juvenile Huntington disease 
may be present 


Alpers syndrome 


Onset, age >3 yr; developmental delay; dystonia; parkinsonian features 


Progressive neurologic degeneration of childhood 


GTC, atypical absence, myoclonic seizures 


Muscle biopsy 


A clinical syndrome; suspected to be a mitochondrial encephalopathy 
Normal at birth, then failure to thrive with developmental delay, 
myoclonic jerks, seizures, episodes of status epilepticus, hypotonia, and 


visual loss followed by spastic quadriparesis 


Epilepsy partialis continua may be present 


The spectrum of clinical features includes deafness, ataxia, chorea, and 


liver disease 
Rett syndrome 


Onset, ages 1-2 yr; in girls only; delay or regression in motor 
development, loss of language, ataxia, “hand-ringing” mannerism 
Seizures occur later; myoclonic, partial, and GTC 


Muscle biopsy for mitochondrial enzyme analysis 
and histologic study, although cause Is 
unknown, genetic testing 


Episodes of apnea, ataxic breathing, and hyperventilation; pyramidal 


signs 
Maple syrup urine disease 
symptoms of encephalopathy and ataxia 
Porphyria 


Less severe forms may manifest late, even in adulthood, with episodic 


Onset, late adolescence, after puberty; 15% of affected patients have 
seizures during an acute attack of porphyria 


serum amino acids and possibly seizures 


Urinary and/or stool porphyrins 


CBC, complete blood cell count; CSF, cerebrospinal fluid; EEG, electroencephalogram; GTC, generalized tonic-clonic; PME, progressive 


myoclonus epilepsy. 


lethargy. The seizures are usually controlled easily with a variety of 
AEDs, including carbamazepine or levetiracetam. 

The seizures of BPEC resolve spontaneously before 16 years of age, 
and the EEG may be helpful in deciding when to withdraw treatment. 
Patients older than 14 years who are seizure-free for 1-2 years with 
normal EEGs should withdraw from treatment; the clinician should 
strongly consider a trial of withdrawal in patients 10-14 years old who 
are seizure-free and have a normal EEG. Younger patients with active 
EEGs are likely to have recurrence of seizures with AED withdrawal; if 
seizures and/or abnormal EEGs persist well into the teenage years, 
syndromic diagnosis should be reconsidered. Subtle neuropsychologic 
deficits may be present in children with BECTS, suggesting that this 
disorder may not be entirely as “benign” as thought. 

Benign childhood epilepsy with occipital paroxysms forms a 
subset of idiopathic partial epilepsies of childhood. There are 2 types 
of this subset: 1 with early onset (peak onset at 3-5 years), nocturnal 
seizures with tonic eye deviation, and vomiting; and another with later 
onset (peak onset at 7-9 years) characterized by seizures beginning 
with visual symptoms, which is consistent with an occipital origin. 


These are also referred to as Panayiotopoulos syndrome and the 
benign occipital epilepsy of Gastaut, respectively. Hemiclonic seizures 
or the automatisms of temporal lobe complex seizures often follow 
according to whether the seizure spreads to suprasylvian or infrasyl- 
vian regions. A severe headache may follow the visual auras and a 
diagnosis of childhood migraine is often considered. The EEG typically 
shows high-amplitude sharp waves or spike-and-wave complexes 
recurring at 0.5-1 Hz posteriorly, usually maximal in the occipital 
regions. The discharges are present when the eyes are closed and should 
disappear with eye opening. There is some controversy about the speci- 
ficity of the electroclinical features and whether these cases are true 
variants of benign childhood epilepsy. The conditions are relatively 
uncommon, and the same EEG pattern may be seen with symptomatic 
occipital epilepsy. 

Acquired epileptic aphasia and continuous spike-and-wave pat- 
terns in slow-wave sleep. These 2 conditions are age-related epileptic 
encephalopathies with disturbances in language and cognition occur- 
ring in association with persistent focal or bilaterally synchronous 
epileptiform activity and seizures without an underlying structural 


SECTION 6 Neurosensory Disorders 


lesion. In each, the epileptiform activity is thought to disturb synap- 
togenesis and connectivity in the maturing brain. Although they are 
rare, some authorities consider them part of the spectrum of benign 
childhood epilepsy. 

Epileptic aphasia, or Landau-Kleffner syndrome, begins in a pre- 
viously normal child (peak age at onset, 5-7 years) with the regression 
of language. There is severe auditory agnosia, speech may disappear, 
and the child often appears to be deaf due to impairment of cortical 
processing of sound and language. There is usually a marked deteriora- 
tion in behavior as well, and social interactions become altered. Child- 
hood psychosis and the autistic spectrum disorders are often considered 
in the differential diagnosis, although the age of behavioral regression 
is atypical for those disorders and should be a red flag when this clinical 
history presents. Seizures occur, but are not frequent and cannot 
explain the language deficits. The EEG in sleep shows almost continu- 
ous bilateral epileptiform discharges maximal over the temporal 
regions. The seizures are partial and easily controlled with medication, 
but the language regression and the EEG discharges do not remit with 
conventional AEDs. Treatment with corticosteroids does improve the 
condition in many children, but more than half have persistent lan- 
guage and learning deficits, despite the eventual disappearance of the 
EEG abnormalities. 

In continuous spike-and-wave patterns in slow-wave sleep or 
electrical status epilepticus of slow-wave sleep (CSWS and ESES, 
respectively), there is a more diffuse cognitive dysfunction, and more 
than 85% of the sleep EEG record is occupied by epileptiform dis- 
charges. The disorder typically manifests at 5-7 years of age, and there 
is a broader spectrum of seizure types, including absences, atonic sei- 
zures, and focal dyscognitive seizures, which may be frequent in some 
patients. In Landau-Kleffner, the speech and auditory disturbances are 
the most striking feature, and in CSWS, executive and behavioral dys- 
function predominate. Both are caused by heterozygous mutations in 
the ionotropic NMDA glutamate receptor subunit 2A gene (GRIN2A) 
and inherited as an autosomal dominant. 

Symptomatic focal (localization-related) epilepsy. The most 
common seizure type in children with focal epilepsy with an identified 
cause is the focal dyscognitive seizure. Focal dyscognitive seizures may 
arise from temporal, frontal, parietal, or occipital lobes, but most often 
from the temporal lobe. The causes of focal epilepsy in childhood are 
diverse and include birth asphyxia, later anoxic episodes, head injury, 
neoplasms, infection, malformations of cortical development, the cere- 
bral lesions of neurocutaneous syndromes, vascular malformations, 
and cerebral infarction. MRI is a crucial diagnostic procedure and can 
reveal a variety of structural abnormalities. 

Focal epilepsy commonly evolves as a medically refractory disorder; 
in some patients, it can be amenable to surgical resection. The inves- 
tigation of children for epilepsy surgery is a highly specialized process 
that follows documentation of medical intractability, which is defined 
as failure of at least 2 appropriately chosen and optimized antiepileptic 
medications. Concordant evidence of a single epileptogenic region 
within the brain must be found with ictal video and EEG monitor- 
ing, both structural neuroimaging (MRI) and functional neuroimag- 
ing (single-photon emission computed tomography and positron 
emission tomography), and neuropsychologic evaluation. If a focus 
can be demonstrated, it must be shown that resection of that 
area will not cause unacceptable loss of sensorimotor or cognitive 
function. 

Childhood absence epilepsy. Childhood absence epilepsy is an 
idiopathic generalized epilepsy beginning in previously normal chil- 
dren between 4 and 12 years of age, with peak incidence at 6-7 years 
of age; girls are more frequently affected. It accounts for only about 
8-10% of school-aged children with epilepsy. There is a family history 


of epilepsy in approximately 15-25% of patients. The absence seizures 
are simple, or more often, complicated with mild automatisms or other 
motor features. Absence seizures are very frequent, occurring daily, but 
they generally respond well to antiepileptic therapy. The EEG is normal 
apart from runs of 3-Hz spike-and-wave complexes; clinical seizures 
are associated with discharges lasting more than 2-3 seconds. The 
discharges and clinical seizures can be produced by hyperventilation. 
Prognosis is generally favorable, with remission in approximately 80% 
of cases by late adolescence. GTC seizures occur in 40-50% of patients 
with childhood absence epilepsy. They typically develop years after the 
onset of absences and may appear after remission from the absence 
seizures. Usually, the tonic-clonic seizures are infrequent and medically 
controllable. 

Treatment with ethosuximide or valproate controls absence sei- 
zures in most patients. However, ethosuximide offers no protection 
against tonic-clonic seizures, whereas valproate is also effective against 
tonic-clonic seizures. Therefore, valproate is the drug of choice if both 
seizure types are present. If either ethosuximide or valproate proves 
ineffective after an adequate trial at maximum tolerated doses, a trial 
of the other should be commenced. Combination ethosuximide and 
valproate therapy has been effective in some patients with absence 
seizures not controlled by either drug alone. Clonazepam may also be 
effective, but it is associated with sedative and behavioral side effects. 
Alternatives may include lamotrigine, topiramate, or zonisamide; med- 
ications such as carbamazepine or phenytoin that are specific for focal- 
onset seizures will in fact exacerbate absence seizures. 

Epilepsia partialis continua and Rasmussen encephalitis. Epilep- 
sia partialis continua describes continuous focal motor seizures usually 
manifesting as repetitive clonic jerks of the face, upper limb, lower 
limb, or larger portion of one-half of the body that continue in this 
localized manner for hours to days or months. These seizures are 
caused by cortical processes that directly overlie the motor cortex that 
include vascular lesions, focal cortical dysplasia, neoplasms, and 
unidentified focal areas of atrophy. More generalized metabolic disor- 
ders such as mitochondrial encephalomyopathy with lactic acidosis 
and strokelike episodes (MELAS) and an inherited disorder of metabo- 
lism (nonketotic hyperglycinemia) have also been reported to cause 
epilepsia partialis continua. 

The focal seizures in this condition are generally impossible to 
control with AEDs, and surgical management with a limited cortical 
resection may be necessary. The risk of motor and sensory deficits 
limits possible resections, and careful mapping of the site of seizure 
onset and its relationship to functional cortex is required. 

Rasmussen encephalitis is a clinically defined syndrome of pre- 
dominantly hemispheric cerebral dysfunction, with onset of seizures 
between 2 and 10 years of age. A variety of seizure types can occur, 
including focal motor seizures and focal dyscognitive seizures with 
secondary generalization, myoclonus, and epilepsia partialis continua; 
they are refractory to management with AEDs. The disorder is char- 
acterized by a progressive hemiparesis, language disturbances if the 
dominant hemisphere is affected, and intellectual decline. Progressive 
hemispheric atrophy, maximal in the central, temporal, and frontal 
regions, can be documented with neuroimaging studies. Pathologic 
specimens show nonspecific changes suggestive of encephalitis, 
although no etiologic agent has been identified. Worsening of the 
neurologic deficits can be expected over time, although the seizures 
may lessen and even “burn out.” 

Functional hemispherectomy performed early in the course of the 
disease before complete hemiparesis should control seizures, arrest the 
motor deterioration, and in most cases, lead to stabilization or even 
improvement in language and intellectual function. However, signifi- 
cant morbidity and mortality rates are associated with the surgery, and 


the child is left with a paretic upper limb, although he or she can walk 
unaided. 

Lennox-Gastaut syndrome. Lennox-Gastaut syndrome is charac- 
terized by generalized seizures and epileptiform discharges with 
delayed mental development and behavioral problems beginning 
between the ages of 1 and 8 years. The patients have a mixed seizure 
disorder with multiple seizure types; the typical seizures are tonic 
seizures, atypical absences, and atonic seizures, although patients may 
also have tonic-clonic, myoclonic, and focal dyscognitive seizures. The 
seizures are not easily controlled and are usually frequent, often with 
several occurring per day. Episodes of status epilepticus are common, 
and nonconvulsive stupor with continuous spike-and-wave discharges 
or a stuporous state with repeated tonic seizures is typical. The waking 
EEG has abnormally slow background activity, and the EEG correlates 
of sleep may also be poorly organized. The epileptiform abnormalities 
consist of slow (<3 Hz) spike-and-wave discharges, multifocal spikes, 
or sharp waves and paroxysmal fast activity (>10 Hz) in sleep. 

Treatment is always indicated, but AEDs are rarely able to control 
seizures completely. More often, some reduction in frequency and 
severity of seizures may be obtained. Patients commonly need combi- 
nations of AEDs to address their multiple seizure types. Valproate 
should be used as a first-line agent for patients with atonic, tonic, and 
myoclonic seizures and may be helpful with tonic-clonic seizures. 
Patients with refractory tonic-clonic seizures or focal seizures as well 
as generalized seizures may benefit from the addition of lamotrigine. 
Combinations of AEDs must be monitored carefully for drug toxicity 
and unwanted interactions. Carbamazepine has been reported to exac- 
erbate atypical absence seizures in some patients. Phenytoin can be an 
effective drug in controlling GTC and tonic seizures. Barbiturates may 
be effective, although they are often poorly tolerated in children with 
abnormalities of tone, and drug-related drowsiness may exacerbate 
tonic seizures in some patients. Other alternatives include clonazepam, 
topiramate, and levetiracetam. Felbamate has been reported to improve 
control of the debilitating tonic or atonic “drop attacks” in patients 
with this syndrome. 

A major source of morbidity and an important management issue 
are repeated falls associated with tonic and atonic seizures. Appropriate 
restriction in daily activities and the wearing of helmets with face 
protection are often required. Division of the anterior portion of the 
corpus callosum (anterior corpus callosotomy) has been successful in 
controlling the falls associated with tonic or atonic seizures, but it is 
considered a palliative and not a curative surgical procedure, and the 
goal is not complete seizure freedom. 


Adolescence 


The paroxysmal disorders of adolescence (12-18 years) are shown in 
Table 30.18. 


Paroxysmal Nonepileptiform Disorders 


Syncope. Loss of consciousness with falling is the salient feature 
of syncope (see Chapter 6 and Table 30.19). Children may be able to 
describe a distinct trigger, such as needles or the sight of blood, and 
often describe palpitations, tunnel vision, and nausea. There may be a 
family history in vasovagal syncope. Cardiac arrhythmias should be 
ruled out; autonomic testing may be beneficial in patients with very 
frequent syncope. 

Paroxysmal psychiatric events. Nonepileptic behavioral events 
(psychogenic seizures) are events where the patient may have dramatic 
convulsions, stiffening, unresponsiveness, or dissociative symptoms 
including amnesia of the events. They are common, but are frequently 
misdiagnosed as epileptic seizures, leading to unnecessary interven- 
tions including intubation, hospitalization, invasive testing, or simply 
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TABLE 30.18 Paroxysmal Disorders 
of Adolescence 


Nonepileptiform Disorders 


More Common 

syncope 

Migraine 

Psychogenic nonepileptic behavioral events 
Dissociative states, conversion disorders 
Panic attacks, hyperventilation 
Daydreaming 

Sleep 

Nocturnal myoclonus, hypnic jerks 
Narcolepsy 

somnambulism 

somniloquy 


Less Common 
Episodic rage 

Malingering 

Paroxysmal choreoathetosis 
Tremor 

Tic 

Drug reactions, dystonia 
Transient global amnesia 


Acute Symptomatic Seizures, Occasional Seizures 
More Common 

Drug abuse 

Reflex seizures (see Table 30.1) 

Head injury 

Meningitis and encephalitis 


Less Common 
Brain tumor 
Intercurrent medical illness, endocrine disorder, systemic neoplasia 


Epileptic Syndromes 

More Common 

Reflex seizures (see Table 30.1) 
symptomatic localization-related epilepsy 
Juvenile myoclonic epilepsy 


Less Common 

Juvenile absence epilepsy 

Epilepsy with generalized tonic-clonic seizures on awakening 
Epilepsia partialis continua (Kojewnikow syndrome) 
Rasmussen encephalitis 

Progressive myoclonic epilepsy 

Autosomal dominant epilepsy with auditory features (ADEAF) 


years of antiepileptic medications that do not help the patient (see 
Table 30.19). Most cases are best thought of as a manifestation of 
psychiatric illness, such as post-traumatic stress disorder, anxiety, or 
depression. Nonepileptic behavioral events should be treated compas- 
sionately by the physician as a sign of significant psychiatric distress, 
and not as malingering or a factitious disorder. 

Among adults, 20% of patients referred with refractory seizures are 
found to have psychogenic nonepileptic behavioral events; in children, 
the number is smaller. Both epileptic seizures and nonepileptic behav- 
ioral events can coexist in the same person, likely due to the high inci- 
dence of anxiety and depression in people living with epilepsy, as well 
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TABLE 30.19 Differential Diagnosis of Syncope 


Clinical Syncope 


Precipitating factors Almost always patient is standing; 


environment is warm; fright; pain 
Prodrome Lightheaded, dizzy, queasy; vision dims; loss 


of color, “grey out”; sweating 


May be averted by head down or recumbency 


Occurrence in sleep Never 


Evolution Limp faint — fall — motionless 


unconsciousness, often with pallor, clammy 


skin; there may be a tonic phase with 
generalized stiffening 


Skin Pale and cool 
Incontinence Rare 


Self-injury Rare 


Degree of postictal confusion Minimal 
Family history 


Interictal EEG 


Often positive for syncope 
Usually normal 


EEG, electroencephalogram. 


as the stress associated with an unpredictable chronic illness. Typically, 
they are characterized by marked motor activity such as pelvic thrust- 
ing, arching of the back, thrashing of the limbs, and even self-injury. 
The episodes may have a gradual onset with buildup of motor activity, 
and they usually last longer than epileptic seizures (Table 30.20). Other 
forms that the psychogenic nonepileptic behavioral events may take 
include a gradual slump to a motionless supine position with unre- 
sponsiveness and eyes closed, often with some flickering of the eyelids. 

Other types of paroxysmal psychiatric events include panic attacks 
and rage attacks. Panic attacks may begin without the patient being 
able to identify an external precipitant, and then the sense of dread or 
fear may be mistaken for a psychic aura. Many of the symptoms expe- 
rienced, including palpitations, paresthesia, formication, lightheaded- 
ness, and carpopedal spasm, result from hyperventilation and 
tachycardia. There may be some apparent disturbance of conscious- 
ness. Historically, the sequence of events is important, especially the 
hyperventilation and associated symptoms. The patient may be asked 
to hyperventilate in the office to see whether symptoms are repro- 
duced; hyperventilation must continue for 3-5 minutes with good 
effort for a negative result to be useful. 

Rage attacks may also be confused with epileptic seizures. Often 
seen in intellectually impaired patients, they represent intense frustra- 
tion in the presence of an inability to vent the frustration in other ways 
or to communicate it. Rage attacks may also occur in children with 
normal intelligence or in those taking anabolic steroids. 

The interictal EEG is repeatedly normal in patients with psycho- 
genic nonepileptic behavioral events, but may be abnormal in children 
with both epileptic and nonepileptic events. For definitive diagnosis, 
it may be necessary to record a clinical episode with continuous video 
and EEG monitoring. 

Treatment of psychogenic nonepileptic behavioral events must 
include an identification of underlying psychosocial and psychiatric 
problems. Major mood disorders and severe environmental stress, 
especially sexual abuse, are common among children and adolescents 
with psychogenic seizures and should be considered in every case. This 
history, though uncomfortable for both parties to discuss, must be 
specifically asked about and may require multiple visits to develop the 
necessary rapport to receive a truthful answer. 


Tonic-Clonic Seizures 


Usually none, although sleep deprivation or awakening may be contributory 


Aura or sense of déjà vu or jamais vu may be present 


Common 


Sudden loss of consciousness — increased tone and massive truncal 
flexion or extension, followed by synchronous jerking of body and limbs 
with rubor or cyanosis and sweating — unconsciousness 


Flushed, cyanosed, warm 
Occasional 

Common (biting tongue) 
Marked 

May be positive for seizures 


Frequently abnormal, epileptiform discharges 


Presentation of a nonepileptic diagnosis to the patient after moni- 
toring of a typical spell must be positive (“These attacks are not epi- 
leptic and will not necessitate chronic medication or further neurologic 
investigation”) and truthful (“We don’t know exactly what is causing 
them, but emotional factors are clearly playing a major role”). This 
diagnosis can be received with disbelief or hostility by families for 
multiple reasons. First, the societal stigma against psychiatric illness 
may make it difficult for parents to accept that a child has a psychiatric 
disorder; a genuine neurologic disorder is almost preferable to some 
families and they may visit multiple medical centers searching for a 
positive organic diagnosis. Second, even if the family accepts the diag- 
nosis, there may be the perception that these events are “all in the 
child’s head” or “attention-seeking,” leading to a nontherapeutic famil- 
ial and medical response to the diagnosis. If the child has been having 
events for a prolonged period of time, there is immense social pressure 
to continue having events, as they may feel that their peers, family, and 
school would react negatively to the psychiatric diagnosis after having 
been supportive of the presumptive epileptic diagnosis. 

Terminology and phrasing is critical when discussing this diagnosis 
with families. Referring to them as “psychiatric” or “hysteric” or “con- 
version disorders” may come across as dismissive, particularly given 
the stigma around mental illness. The terms “psychogenic seizures” or 
“pseudoseizures” frequently confuse sufferers and families, as they then 
believe they are similar to epileptic seizures in pathology. 

The prognosis of nonepileptic behavioral events in the pediatric 
population is much better than in adults, with 80% of patients seizure- 
free at the 3-year follow-up. Involvement of psychiatry and counseling 
is critical; in particular, cognitive-behavioral therapy appears to be 
specifically helpful in allowing people to achieve some conscious 
control over the physical symptoms of their psychiatric illness and to 
modulate their stress responses. However, the practitioner should be 
familiar with the concept of nonepileptic behavioral events. The degree 
and duration of pretreatment disability (school withdrawal, etc.) is a 
prognostic marker of response to treatment. 


Acute Symptomatic Seizures and Occasional Seizures 


The causes of acute symptomatic seizures in adolescence include those 
described in the preceding neonatal and childhood sections, except for 
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TABLE 30.2O Differential Diagnosis of Psychogenic Seizures 


Clinical Factors 
Age at onset 


Duration of seizures 
Evolution 


Quality of convulsive 
movements 


Stereotypical attacks 
Examination during the seizure 
self-injury 

Incontinence 

During sleep 


Changes in seizure frequency 
with medication 


Interictal EEG 
Ictal EEG 


Pitfalls in diagnosis 


Psychogenic Seizures 


Usually older than 8-10 yr 
Predominates in girls; 15-30% of patients are boys 


May be very prolonged 
May have a very gradual onset and ending 


Thrashing, asynchronous limb movements, often with 
partial responsiveness 


Typically variable 

May resist examination, combative 

Rare 

Rare 

No; may occur nocturnally, but while the patient is awake 
Rare 


Repeatedly normal 

No EEG seizure patterns; normal rhythms while patient is 
unresponsive 

1. Psychologic factors may not be immediately apparent 

2. Misleading information may be given by parents (as in 
factitious [Munchausen] syndrome by proxy) 


Epileptic Seizures 
Either sex; no sex predominance 


Usually seconds to minutes 
Usually more abrupt onset 


Usually rhythmic and synchronous with loss of 
consciousness 


Typically stereotyped 

Usually unresponsive and amnestic for ictal events 
Common in GIC seizures 

Common in GIC seizures 

Common 

Usual 


Often abnormal 
EEG seizure patterns 


1. Asynchronous vigorous automatisms are found in 
frontal lobe seizures 
2. Bilateral limb movements and posturing without loss of 


consciousness occurs in supplementary motor seizures 
3. EEG seizure patterns may be absent during some 
seizures (e.g., auras, SMA) 


EEG, electroencephalogram; GTC, generalized tonic-clonic; SMA, supplementary motor area. 


febrile convulsions. Head injury may be more common among ado- 
lescents, because participation in contact sports and motor vehicle 
accidents occur in the middle-to-late teen years. Street drug abuse can 
be associated with seizures. 


Epileptic Syndromes 

Juvenile myoclonic epilepsy. Juvenile myoclonic epilepsy has an 
onset between 12 and 18 years of age. The hallmark of the disorder is 
early-morning myoclonus involving axial and upper limb muscles, 
usually with sparing of the facial muscles. Episodes typically occur on 
awakening. Tonic-clonic seizures occur in the majority of patients. A 
history of early-morning myoclonic jerks may not be volunteered, and 
should be asked of all patients presenting with GTC seizures. The 
patients may not have identified the myoclonus and instead describe 
nervousness, shakiness, or clumsiness for the first 1-2 hours of a 
morning, such as dropping their toothbrush or spilling their cereal. 
Fatigue, sleep deprivation, stress, and alcohol exacerbate the seizures; 
some patients have their first seizure shortly after starting college due 
to a combination of the above risk factors. The tonic-clonic seizures 
typically begin with a clustering of repeated myoclonic jerks. Absence 
seizures occur in 15-40% of patients. Neurologic examination findings, 
brain MRI, and cognition are normal. The interictal EEG shows spike- 
and-wave complexes at 3.5-6 Hz. Linkage analysis of patients and their 
family members has suggested that the disorder is linked to chromo- 
some 21. 

Valproate is the preferred AED, as it has efficacy on all seizure 
types in this disorder. Lamotrigine is another effective agent and is 
preferentially used in adolescent and adult women because of the 
potential side effect profile of valproate (weight gain, teratogenicity, 
and potential hormonal disturbances including polycystic ovarian 
syndrome). Alternatives may include topiramate, zonisamide, and 


benzodiazepines, although extensive data concerning their efficacy in 
this setting are not available. 

The seizures are well controlled in 80-90% of patients, but lifelong 
treatment is required. It is estimated that more than 90% of patients 
suffer relapse within the first 6-12 months after cessation of AEDs, and 
relapse is still common, even with prolonged periods of seizure 
freedom. Although many benign childhood-onset epilepsies remit 
with adolescence, most adolescent-onset epilepsies do not remit. 

Juvenile absence epilepsy. In comparison with childhood absence 
epilepsy, juvenile absence epilepsy has a later onset, at about the time 
of puberty, and the seizures are less frequent (less than daily). Neuro- 
logic examination findings and IQ are normal. The EEG shows gener- 
alized spike-and-wave discharges, usually at rates faster than 3 Hz. 
Tonic-clonic seizures may occur, usually on awakening, more fre- 
quently than in childhood absence epilepsy. 

The treatment is the same as that for childhood absence epilepsy, 
but the prognosis for complete remission therapy is less favorable. 

Epilepsy with generalized tonic-clonic seizures on awaken- 
ing. This idiopathic generalized epilepsy involves GTC seizures occur- 
ring more than 90% of the time within 2 hours of awakening or in an 
early-evening period of relaxation. Sleep deprivation and disruption 
are often potent precipitants of seizures. The age at onset of the seizures 
is usually between 10 and 20 years; a family history of epilepsy occurs 
in approximately 10-13% of cases. Myoclonic and absence seizures 
may also be present, and the distinction between juvenile myoclonic 
epilepsy and juvenile absence epilepsy is not clear. The EEG may show 
generalized spike-and-wave complexes or polyspikes. 

Treatment starts with valproate, although barbiturates may be very 
effective. Lamotrigine is also used because of concern about the side 
effects of valproate. Topiramate and zonisamide may also be helpful. 
The prognosis for complete control of seizures with therapy is very 
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good: 65-79% of patients have experienced remission with therapy. 
Avoidance of precipitating factors that disrupt sleep patterns is impor- 
tant. The relapse rate if AEDs are stopped is high (83%). 


PRINCIPLES OF ANTIEPILEPTIC DRUG USE 


The goal of AED therapy is to use a single agent in adequate dosages 
to completely control seizures. If seizures recur, the dosage of an AED 
should be gradually increased to achieve the maximum tolerated dose 
for the patient without causing symptoms of drug toxicity. Therapeutic 
ranges are derived from population studies in which the serum levels 
of patients with seizures controlled by an AED were compared 
with those of patients experiencing side effects. The therapeutic 
levels should be used as a guide, and may also be used to assess 
compliance. 

Around 67% of all seizure patients achieve seizure freedom on their 
first antiepileptic medication; the response rate is strongly tied to 
underlying etiology. If 1 agent does not control the seizures, another 
AED should be substituted and tried as monotherapy with a period of 
overlap during the transition period from 1 antiepileptic to another. 
An adequate trial of therapy entails the maximum tolerated dose of an 
AED for a period of time in which several of the patient’s seizures (or 
clusters of seizures) would usually occur or for at least 2 months, 
whichever is longer. This interval may be shortened in infants and 
children with very frequent seizures. Changes in AED dosages and 
regimens should be made gradually, and due regard must be given to 
time taken to reach steady-state serum concentrations on the new 
regimen (Tables 30.21, 30.22, 30.23, and 30.24). Drug changes can be 
made gradually on an outpatient basis, but the physician must warn 
the parents and child that AED toxicity or an increase in the seizure 
frequency may occur during the changeover period. More rapid medi- 
cation changes, especially if barbiturates are to be stopped, often 
require that the patient be admitted to the hospital during the change- 
over period. 

Only about an additional 10% of patients achieve better control 
with the addition of a second drug to the first; 20-30% of patients with 
epilepsy have medically refractory epilepsy. Failure to respond to 2 
AEDs at maximum tolerated doses should prompt a referral for assess- 
ment in a specialty epilepsy program. In some patients, resistance to 
AEDs may be genetically determined by mutations affecting drug 
transport or in metabolizing proteins such as the multidrug resistance— 
associated family of drug transporters. 

It is important to design dosage schedules that are realistic. Dosing 
more often than 3 times a day may result in a high incidence of poor 
compliance. Parents must be advised to be careful with other pre- 
scribed and over-the-counter medications. Many medications may 
interfere with AED metabolism. Table 30.22 outlines indications for 
monitoring AED serum levels. 

Special considerations for women with epilepsy who take antiepi- 
leptic medications and are of childbearing age include the teratogenic- 
ity of several antiepileptic medications, including valproic acid. 
Additionally, valproic acid is known to increase the risk of polycystic 
ovarian syndrome, with its attendant hormonal and metabolic distur- 
bances. Finally, several antiepileptic medications have significant inter- 
actions with hormonal contraception, and the provider should 
familiarize themselves with these interactions to avoid failure of either 
medication. 


Choice of Antiepileptic Drugs 
Focal Epilepsies 

Focal seizures and secondary generalized tonic-clonic sei- 
zures. Among the traditional AEDs, phenytoin, carbamazepine, 


phenobarbital, and primidone are equally effective in controlling 
partial and secondary GTC seizures in adults. In the symptomatic 
focal epilepsies, only approximately 35-50% of patients become 
seizure-free with AED monotherapy; another 20-30% experience 
more than a 75% reduction in seizure frequency. First-line treatment 
in this group of seizures is usually with carbamazepine, oxcarbaze- 
pine, or levetiracetam (see Table 30.23). Although the barbiturates 
and the benzodiazepines have been shown to be effective, the seda- 
tive and cognitive side effects prevent them from being drugs of 
first choice; they are generally reserved for patients in whom first- 
line drugs are not effective or tolerated. Valproate is also effective 
against focal seizures in children, although large comparative studies 
are not available. 

Other drugs, including lamotrigine, vigabatrin, gabapentin, topira- 
mate, and zonisamide, can be efficacious in treating refractory focal 
seizures. 


Idiopathic Generalized Epilepsy 


Primary generalized tonic-clonic seizures. It is widely thought 
that valproate should be the first-choice drug for primary GTC sei- 
zures, especially if they occur in association with absence seizures or 
myoclonic seizures. However, its side effect profile (teratogenicity, 
increased risk of polycystic ovarian syndrome) makes this medication 
less appropriate for use in adolescent women, but may be used in 
prepubescent girls. However, if valproate is the most efficacious anti- 
epileptic medication for an adolescent woman after alternatives have 
been tried, it is reasonable to continue it after a risk-benefit discussion 
with the family. 

Lamotrigine, topiramate, and zonisamide have also been shown to 
be effective for this seizure type (see Table 30.23). Phenytoin, carbam- 
azepine, and valproate are equally effective in controlling primary GTC 
seizures in adults, and between 60% and 70% of patients can become 
seizure-free. Phenytoin does not control any associated absence sei- 
zures, and carbamazepine may exacerbate absence seizures. Phenobar- 
bital and primidone are not the drugs of first choice because of 
potential adverse sedative and cognitive effects. 

Absence seizures. Ethosuximide and valproate are the 2 drugs of 
first choice for absence seizures (see Table 30.23). Monotherapy with 
valproate controls absence seizures in more than 90% of children with 
childhood absence epilepsy. Ethosuximide and valproate have been 
successfully combined in patients with refractory absence seizures. 
Clonazepam is also effective but has the disadvantages of sedation and 
development of tolerance with chronic treatment. Lamotrigine, topi- 
ramate, and zonisamide have been effective for absence seizures, but 
experience is limited. 

Myoclonic seizures. Specific myoclonic syndromes associated 
with absence seizures and tonic-clonic seizures, such as juvenile myo- 
clonic epilepsy, are usually treated with valproate (see Table 30.23). 
Approximately 80% of patients with this epilepsy can become seizure- 
free, although lifelong treatment is required with juvenile myoclonic 
epilepsy. Clonazepam is also useful in myoclonic syndromes, although 
sedation occurs, and it does not tend to be useful in the long term 
because of tolerance; there are even some reports of exacerbation of 
seizures with long-term high-dose clonazepam. Exacerbation of sei- 
zures is particularly frequent with this drug when abrupt withdrawal 
is attempted. Clonazepam must be withdrawn very gradually, and the 
daily dose is reduced by only 0.25 mg every 3 weeks. Lamotrigine, 
topiramate, and zonisamide have a role in the treatment of myoclonus. 
Lamotrigine is an effective agent for juvenile myoclonic epilepsy and 
may become an alternative monotherapy option for this syndrome in 
young women. Valproate is associated with the development of ovarian 
cysts and teratogenicity. 


TABLE 30.21 


Medication 
Acetazolamide 
Bromide 


Carbamazepine* 


Clobazam' 


Clonazepam’ 


Diazepam 


Ethosuximide 


Ezogabine 
Felbamate 


Gabapentin’ 
Lacosamide 


Lamotrigine 


Levetiracetam' 


Lorazepam 
Methsuximide (or 
methsuximide) 


Nitrazepam 
Oxcarbazepine* 


Perampanel 


Phenobarbital 


Phenytoin 


FDA Approval (Age 
Approved) 


Absence seizures (adults) 


Partial and GTC (all ages) 


LGS (all ages above 2 yr) 


Absence sz, LGS, myoclonic sz 
(all ages) 


Partial sz (all ages >6 mo) 


Absence sz (>3 yr) 


Partial sz (adults) 
LGS (>2 yr), p sz (>14 yr) 


Partial sz (>3 yr) 
Partial sz (>17 yr) 


LGS, partial and tonic-clonic sz 
(age >2 yr) 


Myoclonic, partial, and 
tonic-clonic sz (age >4-6 yr) 


Status epilepticus (all ages) 


Absence sz (children and older) 


Partial sz (>2 yr) 
Partial sz (>12 yr) 


Myoclonic, partial, and 
tonic-clonic sz and status 
epilepticus (all ages) 

Partial, tonic-clonic sz and 
Status epilepticus (all ages) 


Maintenance Oral 
Dosage (mg/kg/day) 
Unless Otherwise 
Specified 

1-12 mo: 10; <1 yr: 20-30 
50-100 


10-20 


Up to 1 

0.05-0.2 

0.25-1.5 

0.01-0.25 IV 

0.2-0.5 mg/kg rectal 
(according to age) 


20-30 


No pediatric dose approved 
15-45 


30-60 
No FDA-approved dose 


4-12 


5-15° 
1-5! 


20-40 


0.05-0.1 
10-30 


Ü 
20-40 


2-12 mg/day (older than 
12 yr) 

<5 yr, 3-5 

>5 yr, 2-3 


<3 yr, 8-10 
>3 yr, 4-7 


Dosages of Selected Antiepileptic Drugs 


Usual Dosing 
bid or tid 
bid or qd 


tid or qid 
SR usually bid 


bid or tid 


bid or tid 


bid or tid 


bid or tid 


tid 
bid or tid 


tid 
bid 


tid 
bid 


bid or tid 


bid or tid 
bid or tid 


bid or tid 
bid 


qhs 


bid or qd 


tabs, susp: tid 
caps: qd 
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Therapeutic 
Levels 


10-15 mg/L 
10-15 mEq/L 


3-12 mg/L 


60-200 ug/L 


25-85 ug/L 


100-700 ug/L 


40-100 mg/L 


50-110 mg/L 


2-20 mg/L 


<15 pg/L 


1-15 mg/L 


6-20 mg/L 


20-30 ug/L 
10-50 mg/L 


<200 ug/L 
13-28 mg/L 


10-40 mg/L 


5-20 mg/L 


Preparations 

125, 250, 500 mg tabs 

Supplied as triple bromide soln 
(240 mg/mL of bromide salt) 

150, 300 mg ER caps 

100, 200, 400 mg ER tabs 

100 mg chewable tabs 

200 mg tabs 

100 mg/5 mL susp 

5 mg, 10 mg, 20 mg tabs 

2.9 mg/mL soln 

0.5, 1, 2 mg tabs 

0.125, 0.25, 0.5 mg orally 
disintegrating tabs 

2,5, 10 mg tabs 

5 mg/mL, 5 mg/5 mL soln 

Rectal gel that can be dialed to 
dispense 2.5, 5, 7.5, 10, 12.5, 
a, 7s, 20 tune 

250 mg caps 

250 mg/5 mL syrup, soln 

50, 200, 300, 400 mg tabs 

400, 600 mg tabs 

600 mg/5 mL susp 

100, 300, 400 mg caps 

600, 800 mg tabs 

50, 100, 150, 200 mg tabs 

10 mg/mL oral soln 

25, 100, 150, 200 mg tabs 

5, 25 mg chewable dispersible 
tabs 

25, 50, 100, 200 mg ODIs 

25, 50, 100, 200, 250, 300 mg 
ER tabs 

250, 500, 750 mg tabs 

100 mg/mL soln 

500, 750 mg SR (ER) tabs 

OS) 1, 2 img tabs 

2 mg/mL soln 


150, 300 mg caps 


5 mg tabs 

150, 300, 600 mg tabs 

300 mg/5 mL susp 

2 mg, 4 mg, 6 mg, 8 mg, 10 mg, 
12 mg tabs 

15, 30, 60, 90, 100 mg tabs 

4 mg/mL soln 


50 mg tabs 
30, 100 mg caps 
125 mg/5 mL susp 


Continued 


TABLE 30.21 


Medication 
Pregabalin 
Primidone 


Rufinamide' 
Sulthiame' 


Tiagabine 
Topiramate’ 


Valproate 


FDA Approval (Age 
Approved) 
Partial sz (adults) 


Partial and tonic-clonic sz (all 
ages) 
LGS (age >4 yr) 


Partial sz (age >2 yr) 

LGS, partial and tonic-clonic sz 
(all ages) 

Absence, myoclonic, partial 
and tonic-clonic sz (age 
>2 yr) 
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Maintenance Oral 
Dosage (mg/kg/day) 
Unless Otherwise 
Specified 

2-14 


10-20 


30-45 
oe | 


0.5-2 
3-9, slow titration 


15-40. Higher doses are 
used if the patient is on 
enzyme inducers (up to 


Dosages of Selected Antiepileptic Drugs—cont’d 


Therapeutic 
Usual Dosing ` Levels 


bid Up to 10 g/mL 


bid or tid 4-13 mg/L 


bid <60 pg/mL 
bid or tid 1.9-20 g/mL 


bid, tid, gid 
bid or tid 


80-450 ug/L 
2-25 mg/L 


sprinkle caps: bid 
soln: tid 


90-100 mg/L 


Preparations 

29: 50 /5 1001150200, 225; 
300 mg caps 

20 mg/mL soln 

50, 250 mg tabs, susp 


200, 400 mg tabs 

50, 200 mg caps 

Not avallable in all countries 
2,4, 12, 16 mg tabs 

25, 100, 200 mg tabs 

15, 25 mg sprinkle caps 

250 mg caps 

125 mg sprinkle caps 

125, 250, 500 mg tabs 


60 kg/day) 


Vigabatrin Infantile spasms and partial sz 50-150 


(age >1 mo) 


Zonisamide Partial sz (age >16 yr) 4-8 


250 mg/5 mL soln 


500 mg tabs 
500 mg powder for soln 


bid 20-160 pg/mL 


bid or qd 10-40 mg/L 100 mg caps 


Unless specified otherwise, as above, one would usually target the lower range of the therapeutic dose, then adjust as needed depending on 
response and/or levels. Dosing schedule (e.g., bid or tid) can depend on if a sustained-release preparation is available and if the patient is on 
enzyme inducers (e.g., carbamazepine) or inhibitors (e.g., valproic acid) that could affect that drug (as indicated in the dosing in the table and in 


the text). 


*Usually start by one-fourth maintenance dose and increase by one-fourth every 2-3 days to full dose. 
"Usually start with one-fourth maintenance dose and increase by one-fourth every 7 days to full dose. 
‘Usually start with one-fourth maintenance dose and increase by one-fourth every day to full dose. 


5Child on enzyme inducers. 
Available in some European countries. 
IChild on valproate. 


bid, twice daily; cap, capsule; ER, extended release; FDA, US Food and Drug Administration; GTC, generalized tonic-clonic; IV, intravenously; 
LGS, Lennox-Gastaut syndrome; ODT, orally disintegrating tablet; qd, once daily; gid, 4 times a day; ghs, at bedtime; soln, solution; SR, 
sustained release; susp, Suspension; sz, seizure(s); tab, tablet; tid, 3 times a day. 


TABLE 30.22 Indications for 
Anticonvulsant Serum Level Monitoring 


Introduction and stabilization of a patient on phenytoin 
Alteration in seizure pattern or frequency 


A change in the dosage of an anticonvulsant 

Commencement or withdrawal of other medications that interfere with 
anticonvulsants 

symptoms of toxicity 

To check patient compliance 


Symptomatic Generalized Epilepsies 


Tonic, atonic, and atypical absence seizures. These seizures are 
most commonly seen in children with complex, medically refractory 
epilepsy syndromes such as Lennox-Gastaut syndrome. They require 
specialist care due to the high incidence of polypharmacy and complex 
antiepileptic monitoring needs. 

Drugs useful in the treatment of these seizures include valproate 
and benzodiazepines such as clonazepam and clobazam. Valproate 


monotherapy should be introduced first, although complete control of 
seizures is likely to occur in only 10-30% of patients (see Table 30.23). 
Carbamazepine and phenytoin are often not effective, and carbamaze- 
pine may exacerbate absence seizures in Lennox-Gastaut syndrome. 
Primidone and phenobarbital often have unacceptable side effects of 
drowsiness or worsening intellectual handicap at the dosages needed 
to control seizures; sedation may increase the frequency of tonic sei- 
zures. Benzodiazepines such as clonazepam, or in particular, clobazam 
in combination with valproate, are often used. Felbamate has been 
shown to be a useful drug as an adjunctive treatment for tonic and 
atonic seizures in Lennox-Gastaut syndrome. Lamotrigine, topiramate, 
and zonisamide have efficacy against the spectrum of seizures in the 
symptomatic generalized epilepsies, and their use is being explored. 
The combination of valproate and lamotrigine has been shown to be 
very effective in the control of intractable generalized seizure 
disorders. 

The ketogenic diet is a high-fat, low-carbohydrate, low-protein diet 
designed to promote the use of fatty acids rather than carbohydrates 
for adenosine triphosphate (ATP) production in the brain. It is an 
effective treatment option in some children with intractable general- 
ized seizures. The diet is most often used as second-line treatment for 
intractable structural, genetic, or metabolic generalized epilepsies, 
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TABLE 30.23 Comparison of Recommendations for the Treatment of Pediatric Epilepsy 


Seizure 
Type or 
Epilepsy 
Syndrome 
Partial-onset 


Childhood 
absence 


epilepsy 


Juvenile 
myoclonic 
epilepsy 

Lennox-Gastaut 
syndrome 


Infantile spasms 


Primary 
generalized 
tonic-clonic 
seizures 


FDA 
Approved 


CBZ, ezogabine, 


lacosamide, 
LEV MIG. 
O ey 
perampanel, 
PHT, TPM, 
VGB 


None 


ESM, VPA 


LEV, LTG, TPM 


CLE, FEB LIG 
rufinamide 
(atonic), TPM 


VGB 


LEV, LTG, TPM 


Sign (2005) 


CBZ, CIB IIG 
OXG, II 
TPM, VGB, 
VPA 


Not specifically 
mentioned 


ESM, LTG, VPA 


CLB, LTG, VPA 


Nitrazepam, 
TPM, VGB, 
VPA 


TPM, VPA 


NICE (2012) 


CBZ, LEV, LG, 
OXC, VPA 


CBZ NEV IMG, 
OXC, VPA 


ESM, LTG, VPA 


LEV, LTG, TPM, 
VPA 


VPA 


Corticosteroids, 


VGB 


LTG, TPM, VPA 


AAN (2004) 


Geve Op hi 
OXC, PB, 
PHT, TPM 


Not surveyed 


Not surveyed 


Not surveyed 


ACTH, VGB 
(updated IS 
guidelines 
2012) 


No evidence 
given 


ILAE (2013)* 


A: 0XC 
B: None 


C CBZ PB, PRET 


TPM, VGB, 
VPA 

L. ChB EAR, 
LTG, ZNS 


A, B: None 

C (pz VPA 

D GBP EEV, 
OXC, STM 


A: ESM, VPA 
B: None 

C Le 

D: None 

A, B, C None 
D: TPM, VPA 


Not reviewed 


Not reviewed 


A: None 
B: None 


CBZ ae hip 


TPM, VPA 
D: 0XC 


Pediatric 
Expert 
Consensus 
Survey 
(Europe-2007) 


CBZ, OXC 


Pediatric 
Expert 
Consensus 
Survey (North 
America-—2005) 


CBZ, OXC 


CBZ, OXC 


LTG, VPA 


LTG, VPA 


ACTH, VGB 


*ILAE recommendations are listed according to levels of evidence supporting the efficacy of the options. Level A: =1 class | randomized 
controlled trial (RCT) or =2 class II RCTs; Level B: 1 class II RCT or =2 class Ill RCTs; Level C: =2 class Ill RCTs; Level D: 1 class Ill double- 
blinded or open-label study or 1 class IV clinical study or data from expert committee reports, opinions from experienced clinicians. 

AAN, American Academy of Neurology; ACTH, adrenocorticotropic hormone; BCECT, benign childhood epilepsy with centrotemporal spikes; 
CBZ, carbamazepine; CLB, clobazam; CZP, clonazepam; ESM, ethosuximide; FDA, Food and Drug Administration; FLB, feloamate; GBP, 
gabapentin; ILAE, International League Against Epilepsy; IS, infantile soasms; LEV, levetiracetam; LTG, lamotrigine; NICE, National Institute for 
Clinical Excellence; OXC, oxcarbazepine; PB, phenobarbital; PHT, phenytoin; SIGN, Scottish Intercollegiate Guidelines Network; STM, sulthiame; 


TPM, topiramate; VGB, vigabatrin; VPA, valproic acid; ZNS, zonisamide. 


Moditied and updated from Wheless JW, Clarke DF, Arzimanoglou A, et al. Treatment of pediatric epilepsy: European expert opinion. Epileptic 
Disord. 2007;9:353-412; Perucca E, Tomson T. ILAE Subcommission on AED Guidelines. Updated ILAE evidence review of antiepileptic drug 
efficacy and effectiveness as initial monotherapy for epileptic seizures and syndromes. Epilepsia. 2013;54:551-563. 


especially those with myoclonus. One specific indication for imple- 
menting the diet is in the context of GLUT] gene mutations in which 
the glucose transporter is defective and, in the presence of low cere- 
brospinal fluid (CSF) glucose, an alternative energy source for neural 
tissue optimizes chances for seizure control. Efficacy varies among 
studies, but approximately 50% of children achieve a clinically signifi- 
cant reduction in seizures. The diet requires a tremendous effort on 
the part of the parents and is successful only with proper education 
and close support by experienced ketogenic dietitians and physicians. 
Children are at risk for osteopenia, hypoglycemia, growth retardation, 
metabolic acidosis, and renal calculi with use of the diet; aspiration of 


the ketogenic diet formula by a hypotonic child can cause a life- 
threatening pneumonia due to the high lipid content. For these reasons, 
this diet must only be undertaken under close medical supervision; the 
ketogenic diet plans intended for weight loss would be completely 
inappropriate for a child with refractory epilepsy who needs to main- 
tain sufficient caloric intake for normal growth. Some adolescents and 
adults opt for a modified Atkins diet instead, again under close super- 
vision of a ketogenic dietitian. 

Palliative epilepsy surgery is available for patients with intractable 
tonic or atonic seizures causing “drop attacks” and falls. Surgical divi- 
sion of the corpus callosum can modify the intensity of these seizures 


TABLE 30.24 Management of Seizures 
Refractory to Medical Therapy 


Incorrect Diagnosis 

Review seizure type 

Focal dyscognitive seizures may be mistaken for absence seizures 

Reflex epilepsy with uncontrolled precipitating factors, photosensitivity, 
reading epilepsy 

Repeat EEG with hyperventilation, photic stimulation, and sleep recording. 

If results are negative, consider nonepileptic paroxysmal disorders 

Psychogenic nonepileptic behavioral events (see Table 30.20) 

Migraine 

Porphyria, hypoglycemia, hypocalcemia 

Continuing seizures: admit for video/EEG monitoring to record the event 


Inappropriate Medication 

Review anticonvulsant levels 

A second AED may have caused a drop in the serum level of a 
first-line drug 

Review seizure type 

Phenobarbital and carbamazepine may exacerbate atypical absence seizures 

Drowsiness caused by phenobarbital and benzodiazepines may exacerbate 
tonic seizures 

Phenytoin often worsens the function of patients with progressive 
myoclonus epilepsy syndromes 


Noncompliance with Medication or Medical Advice 

Check AED levels; ask patient to record medication doses taken 

Check sleep habits, drug use; arrange review by social worker, psychiatrist 

Inability to cope with epilepsy and avoidance of precipitating factors 
(adolescence, low intelligence, dysfunctional home situation) 

Review all patient's prescribed and over-the-counter medication; urine drug 
screen for drug abuse 

Exacerbation by other medication or toxins 


Intercurrent Illness or Metabolic Complication from 

Another Medication 

Serum Na”, K*, glucose, Ca’*, Mg’, creatinine, liver function studies, 
complete blood cell count, pregnancy test 


Intractable Epilepsies 

Up to one-third of cases of symptomatic focal epilepsy are refractory to 
current medical therapy 

After an adequate attempt with 2 first-line medications and available new 
AEDs, refer for epilepsy surgery assessment 

symptomatic generalized epilepsies such as West syndrome and Lennox- 
Gastaut syndrome are often refractory 

Need to reassess goals of therapy 

Refer for surgical assessment if there are recurrent falls caused by tonic or 
atonic seizures in an older child 

Epilepsy with progressive neurologic deterioration: e.g., brain tumor, 
inherited disorders of metabolism, degenerative neurologic disease, 
progressive myoclonus epilepsy, phakomatosis, systemic or cerebral 
vasculitis 

Review history, family history, and physical examination; repeat 
neuroimaging; repeat EEG studies 


AED, antiepileptic drug; EEG, electroencephalogram. 
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so that the patient does not fall. Hemispherectomy may be indicated 
in Rasmussen syndrome. Local resection of areas of mesial temporal 
sclerosis in patients with refractory temporal lobe seizures is a highly 
successful therapy. Vagal nerve stimulation, through surgical place- 
ment of a stimulating electrode on the left vagus nerve in the neck, is 
a technique developed to treat intractable focal seizures resistant to 
medication. It has also been used effectively in the symptomatic gen- 
eralized epilepsies. 


Stopping Antiepileptic Drugs 

Most children (60-75% of patients) remain seizure-free when AEDs 
are withdrawn after a seizure-free interval on medication for more 
than 2 years. If relapse occurs, it is generally in the first few months 
after cessation of medication, and 60-80% of the relapses occur before 
12 months after cessation. Patients with underlying neurologic disor- 
ders and deficits and those with multiple seizure types are more likely 
to suffer relapse. A long duration of epilepsy before remission carries 
a slightly higher risk of relapse. The EEG is a strong predictor in idio- 
pathic epilepsy; among patients with frequent epileptic discharges that 
are recorded in generalized epilepsy, the rate of relapse is higher. For 
most children with epilepsy, it is recommended that children who have 
been seizure-free for 2 years undergo a trial of AED withdrawal. 


LIFESTYLE 


Parents should be encouraged to let their children lead a normal life- 
style, although some activities are inherently more dangerous for 
people with epilepsy. In general, climbing to significant heights, 
bathing, and swimming alone are not safe for children with active 
epilepsy. However, the clinician must stress the importance of avoiding 
overprotection of the child. Participation in sports and other school 
activities should be encouraged within the limits of avoiding danger- 
ous activities such as rock climbing and scuba diving, in which even 
a brief loss of awareness could result in serious injury or death. If 
seizures are well controlled, minimal restrictions apply. In children 
with active seizures characterized by loss of consciousness, the physi- 
cian has to make judgments on the basis of an individual assessment 
considering the nature of the seizures, their frequency, and the degree 
of supervision during the activity in question. Driving restrictions vary 
from state to state; it is advisable that an adolescent be seizure-free for 
at least 2 years before applying for a driver’s permit. In general, heavy- 
impact contact sports such as football are best avoided by children 
with active epilepsy, but are not contraindicated for children in remis- 
sion. In adolescents, some advice regarding birth control may be neces- 
sary because many adolescents are unaware of the interaction of AEDs 
and oral contraceptives. 
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Coma is the lack of any awareness of self and environment despite 
painful or other external stimulation (Table 31.1). Delirium is an 
alternation in consciousness that falls along the spectrum from normal 
awareness to coma and is characterized by irritability, agitation, lack 
of contact with the environment, and confusion. Periods of lucidity 
may alternate with the delirious state, and patients may proceed rapidly 
from delirium to lethargy or coma. Any alteration in the level of con- 
sciousness whether delirium, lethargy, obtundation, stupor, or coma 
must be managed as a life-threatening emergency until proven 
otherwise. 


BACKGROUND 


Arousal and awareness form the foundation for normal cognitive func- 
tion. Arousal is determined in the brainstem’s ascending reticular acti- 
vating system, and awareness is generated in the cortex. The cortex is 
the central processing center that interprets neuronal input and gener- 
ates awareness. Injury to these areas creates an alteration in conscious- 
ness. Standardized language is necessary to properly diagnose and treat 
alterations in consciousness since terms, such as lethargy, obtundation, 
stupor, and coma, are qualitative descriptions. Rating scales allow dif- 
ferent observers to follow the progression of the patient’s mental status 
over time and facilitate effective communication of clinical informa- 
tion. The most widely used grading system is the Glasgow Coma Scale 
(GCS) (Table 31.2), which has been modified for children less than 5 
years of age based on their age-appropriate developmental abilities 
(Table 31.3). The GCS was initially intended for use in traumatic injury 
but has been successfully applied in patients with nontraumatic altered 
mental status. This 15-point scale evaluates 3 areas of central nervous 
system (CNS) function: eye opening, verbal response, and motor 
response. A score of 15 indicates full function, whereas a score of 3 
indicates no function. The Ist area of assessment is eye opening, in 
which the arousability and alertness of the patient are evaluated. Spon- 
taneous eye opening indicates intact arousal mechanisms but does not 
imply awareness. The 2nd area, verbal response, requires a high degree 
of integration within the CNS. Oriented responses indicate awareness 
of person, place, and time. The 3rd area, motor functioning, reflects 
mentation as well as the integrity of the major CNS pathways. For 
purposes of gauging global brain function, the best motor response 
from any limb is taken as the score. Variation in response from one 
side of the body to the other is indicative of an asymmetric brain 
lesion. Spinal cord lesions resulting in paralysis or significant orthope- 
dic injuries to the extremities prevent evaluation of the motor portion 
of the GCS. 

The GCS can provide a general assessment of consciousness but is 
not intended to take the place of a complete neurologic evaluation 
(Table 31.4). The scale is an objective measure of the improvement or 
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worsening of the patient’s level of consciousness over time, and inter- 
ventions are often based on the score. Most patients with traumatic 
brain injury should undergo endotracheal intubation if their score is 
8 or less. Deterioration of a patient’s score by 2 or more points indicates 
a need for quick re-evaluation of the patient and the possible need for 
interventions such as endotracheal intubation and diagnostic studies 
such as a brain computed tomography (CT) scan. The score has been 
used to assign a prognosis to patients with brain injury, particularly 
with traumatic brain injury. It may take days to weeks for patients with 
initial scores of 3-5 to become conscious as opposed to a few days in 
patients with scores of 6 or higher. 

The GCS score has also been used as a prognostic indicator in 
nontraumatic coma. Children presenting after near-drowning with an 
initial score of 6 or higher have a good outcome. Patients presenting 
with a score of 5 or less have a high probability of mortality or pro- 
found neurologic sequelae, although a patient with a score of 4 or 5 
may survive with minimal impairment. A score of 3 on transfer to an 
intensive care unit after near-drowning has been associated with a 
nearly 100% rate of poor outcome. 

Although the GCS is a widely applied tool for assessment, it does 
not assess brainstem function and fails to discriminate between low 
scores and intubated patients. The Full Outline of Unresponsiveness 
(FOUR) scale is another tool to assess consciousness that has been 
validated in several different settings with high inter-rater consistency. 
The FOUR score evaluates eye response, motor response, brainstem 
reflexes, and respiratory effort on a 4-point scale. The FOUR score eye 
and motor responses are defined very similar to the GCS (see Table 
31.2). The assessment of brainstem response focuses on the pupillary 
and corneal reflexes. The respiratory assessment includes the intubated 
patient along with respiratory effort. Because the FOUR score includes 
brainstem responses and not only recognizes but differentiates intu- 
bated patients, this scale is better able to discriminate an unresponsive 
patient with a GCS of 3. In children with nontraumatic impairment 
of consciousness, using endpoints of mortality and functional outcome, 
both scales have similar predictive value. Regardless of the scoring 
system used, reporting the score for each element can increase the 
precise description of alteration in consciousness in order to make 
management decisions. 

Other scales have been developed to measure the level of conscious- 
ness in specific disease states, such as poisonings, and hepatic failure. 
The Reed classification of coma has been used in the setting of poison- 
ing or intoxication (Table 31.5) and is used to evaluate increasing 
depths of coma encountered with CNS-depressant drugs. The cardio- 
vascular system is included in this classification because toxic inges- 
tions may depress myocardial contractility or cause vasodilation. 
Neurologic function in a patient with hepatic encephalopathy is 
graded according to the scoring system in Table 31.6. 
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TABLE 31.1 States of Altered 


Consciousness or Unresponsiveness 


Coma: A state of unarousable unresponsiveness; even strong 
exteroceptive stimuli fail to elicit recognizable psychologic responses; 
unresponsive to pain 


Stupor: Spontaneous unarousability interruptible only by vigorous, direct 
external stimulation; responsive only to pain 


Hypersomnia, pathologic drowsiness, obtundation: Terms 
applied to an increase above the patient's normal sleep/wake ratio, often 
accompanied during wakefulness by reduced attention and interest in the 
environment; responsive to pain and other stimull 


Delirium: An acute or subacute reduction in awareness, attention, 
orientation, and perception (“clouding of consciousness”), usually 
fluctuating and accompanied by abnormal sleep/wake patterns and often 
psychomotor disturbances 


Syncope: Brief loss of consciousness caused by global failure of 
cerebrovascular perfusion 


Dementia: A sustained or permanent multidimensional or global decline 
in cognitive functions 


Vegetative state: A sustained, complete loss of cognition, with sleep/ 
wake cycles and other autonomic functions remaining relatively intact; 
can either follow acute, severe bilateral cerebral damage or develop 
gradually as the end stage of a progressive dementia 


Locked-in state: Preservation of intellectual activity accompanied by 
severe or total incapacity to express voluntary responses as a result of 
damage to or dysfunction of descending motor pathways in the brain or 
peripheral motor nerves; most, but not all, such patients can use vertical 
eye movements to signal by code 


Moditied from Plum F. Neurology/disturbances of consciousness and 
arousal. In: Wyngaarden JB, Smith LH, Bennett JC, eds. Cecil 
Textbook of Medicine. 19th ed. Philadelphia: WB Saunders; 
1992:2049. 


© Differential Diagnosis 


Coma is caused by 1 of 3 etiologies: structural brain disease, diffuse 
neuronal injury, or to a lesser degree, psychogenic causes. Within these 
3 categories, the differential diagnosis of coma in the child is extensive. 
Excluding traumatic head injuries, broad category causes of altered 
mental status in children include intracranial infections, hypoxic- 
ischemic, epilepsy, metabolic encephalopathies, abusive head trauma, 
toxic ingestion, anatomic abnormalities, and cerebral vascular abnor- 
malities such as emboli or vasculitis (Table 31.7). Some diagnoses 
(subdural hematoma, hydrocephalus, cerebral edema) may apply to 
more than 1 category. The age of the patient can help the clinician 
differentiate the likely causes of coma, although there is considerable 
overlap (Table 31.8). Patients with delirium must be differentiated 
from an acute psychotic event (‘Table 31.9). In addition, in patients who 
are awake but presenting with an altered mental status, performing an 
appropriate mental status exam may help evaluate the degree of 
impairment and potential etiology (Table 31.10). The mental status 
exam is most abnormal with organic (encephalopathy, encephalitis) 
causes of altered behavior and mental status. 


® Management Approach 

The approach to the child with an alteration of consciousness can be 
divided into 4 parts: (1) stabilization, (2) rapid clinical assessment, (3) 
reversal of immediately treatable toxic or metabolic causes, and (4) 
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FIGURE 31.1 Management approach to coma. ABCs, airway, breath- 
ing, and circulation; CNS, central nervous system; CT, computed 
tomography. 


determination of level of CNS function and of the cause of the coma 
(Fig. 31.1). 


Stabilization 


Initial stabilization includes assessment of the patient’s airway, breath- 
ing, and circulation (ABCs), as well as securing a patent airway, estab- 
lishing access, and ensuring adequate circulatory volume. Evaluating a 
patient’s airway and responding appropriately to ensure patency is the 
Ist step in management. This may involve positioning, suctioning, or 
intubating. This is closely tied to the assessment of respiratory drive 
via auscultation and observation. Obtunded, stuporous, or comatose 
patients usually require intubation unless their mental status is improv- 
ing or can be readily reversed to secure an airway, treat hypoventilation, 
protect the airway if a gag reflex is not present, and to facilitate hyper- 
ventilation therapy in a child with suspected intracranial hypertension. 
Manipulation of the neck, particularly extension, should be avoided 
when an airway is being stabilized or secured, unless the cervical spine 
has been cleared via history or imaging. 

Attention is next directed toward an assessment of the circulation; 
this mandates evaluation of vital signs, presence and volume of periph- 
eral pulses, and adequacy of end-organ perfusion. Blood pressure must 
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TABLE 31.2 Glasgow Coma Scale Versus Full Outline of Unresponsiveness Score 
Glasgow Coma Scale (GCS) 


Eye Opening: 


Does not open eyes 


Opens eyes in response to noxious stimuli 


Opens eyes in response to voice 
Opens eyes spontaneously 


Verbal Response: 


1 


2 
3 
4 
D 


Motor Response: 


No verbal response 

Incomprehensible sounds 
Inappropriate words 

Confused and disoriented fluid speech 
Oriented with normal speech 


No movements 

Extension to noxious stimuli 
Flexion to noxious stimuli 
Withdrawal to pain 
Localizes to pain 


Full Outline of Unresponsiveness (FOUR) 


Eye Response: 


4 


3 
2 
1 
0 


Motor Response: 


4 
3 
2 
1 
0 


Brainstem Reflexes: 


Eyelids open and comply with verbal stimuli 
Eyelids open but not tracking 

Eyelids closed but open to loud noise 
Eyelids closed but open to noxious stimuli 
Eyelids remain closed 


Thumbs up, fist or peace sign 
Localize to pain 

Flexion to pain 

Extension to pain 

No response to pain or myoclonus 


Pupil and corneal reflexes present 

One pupil wide and fixed 

Pupil or corneal reflex absent 

Pupil and corneal reflexes absent 
Absent pupil, corneal, and cough reflex 


Obeys commands 


Respirations: 
Regular breathing pattern 


4 

b Cheyne-Stokes respirations 

2 Irregular breathing 

1 Intubated but breathing above the vent 
0 Breathing at vent rate or apnea 


TOTAL SCORE 3-15 TOTAL SCORE 0-16 


TABLE 31.3 Pediatric Glasgow Coma Scale 
Activity Best Response 


+ 


Eye opening Spontaneously 
To speech 
To pain 
None 

Verbal Oriented 
Words 
Vocal sounds 
Cries 
None 


Obeys commands 
Localizes pain 
Flexion to pain 
Extension to pain 
None 


— NM Go ++ QW — MM GC T+ Ol — N G 


Normal Total Score Based on Age 
Birth—6 mo 


7-12 mo 
1-2 yr 
2-5 yr 
ZOV 


Modified from Simpson D, Reilly P. Pediatric coma scale. Lancet. 1982;2:450. 
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(See Nelson Textbook of Pediatrics, Table 67-3.) 


SECTION6 Neurosensory Disorders 


TABLE 31.4 The Neurologic Examination in Coma 


1. Guarantee vital functions. 


2. Feel the scalp for hematomas (overlying fracture lines); be sure the neck is not fractured; test gently for stiff neck. 
3. Test language. Test arousability by words, loud sounds, noxious stimuli. If vocalizations occur, check quickly for appropriate phrases, actual words, and 


presence or absence of aphasia. 

4. Perform a neuro-ophthalmologic examination. 
Funduscopy (if difficult, can be deferred until patient is stabilized). 
Papilledema (increased intracranial or venous sinus pressure) 


Hemorrhages (subarachnoid hemorrhage; hypertensive encephalopathy; hypoxic-hypercarbic encephalopathy) 


Pupils 


Light reaction: Use bright flashlight and, if necessary, a magnifying glass to be certain of findings. Absence means potentially fatally deep sedative poisoning 


or acute or chronic structural brainstem damage. 


Equality: 15% of normal patients have mild anisocoria, but new or >2-mm dilation means parasympathetic (3rd nerve) palsy. 

Extraocular movements: Absence acutely means deep drug poisoning, severe brainstem damage, polyneuropathy, or botulism. 

Dysconjugate deviation: At rest, this means an acute 3rd, 4th, or 6th nerve palsy or internuclear ophthalmoplegia. Tonic conjugate deviation toward a paralytic 
arm and leg means forebrain seizures or a contralateral pontine destructive lesion; such deviation away from the paralytic arm and leg means forebrain gaze 


paralysis. 


Spontaneous eye movements: In comatose patients, nystagmus, bobbing, and independently moving eyes all mean brainstem damage. 
Oculocephalic (away from direction of head turning) or oculovestibular (toward cold caloric irrigation) responses: Absence of responses means drug overdose 
or severe brainstem disease; dysconjugate responses with equal pupils mean internuclear ophthalmoplegia; responses with unequal pupils mean 3rd nerve 


disease. 
5. Examine the motor systems. 


Strength 


Unilateral weakness or motionlessness of arm and leg means contralateral supraspinal upper motor neuron lesion, most often cerebral; if of arm, leg, and 
face, contralateral cerebral lesion. Occasionally, arm and leg weakness reflects contralateral brainstem lesion. 
Weakness or motionlessness of all 4 extremities implies metabolic disease; less likely is brainstem disease (tone and reflexes increased) or peripheral disease 


(tone and reflexes decreased). 


Attempt to Elicit Reflex Posturing 

Arm flexed, leg extended: contralateral deep cerebral-thalamic lesion 
Arm and leg extended: thalamic or mesencephalic lesion 

Arms extended and legs flexed or flaccid: pontine lesion 

Legs flexed, arms flaccid: pontomedullary or spinal lesion 

Compare side-to-side reflexes and examine plantar responses. 


6. Seek seizure activity or abnormal movements: (1) generalized, (2) focal, (3) multifocal, and (4) myoclonic. 
Control (1) immediately, (2) and (3) deliberately; if (4) is present, treat underlying disease. 


Acute tremor, asterixis, multifocal myoclonus: seek metabolic cause. 
7. Inspect breathing. 


Regular hyperpnea: metabolic acidosis; pulmonary infarction; congestive failure or alveolar infiltration; sepsis; salicylism; hepatic coma 
Cyclically irregular (Cheyne—Stokes): low cardiac output plus bilateral cerebral or upper brainstem dysfunction 
Irregularly irregular gasping, slow or weak: lower, brainstem dysfunction (including hypoglycemia, drug effects); less often, peripheral ventilatory paralysis 


8. Proceed with laboratory tests and emergency management as described in text. 


Modified from Plum F. Neurology/sustained impairments of consciousness. In: Wyngaarden JB, Smith LH, Bennett JC, eds. Cecil Textbook of 


Medicine. 19th ed. Philadelphia: WB Saunders; 1992:2057. 


be high enough to support perfusion of vital organs. Patients may be 
in shock with a normal blood pressure and may manifest tachycardia 
and often, tachypnea. In early shock, except for septic shock, peripheral 
pulses are diminished in comparison with central pulses. As shock 
progresses and stroke volume decreases, the pulse pressure narrows, 
and the peripheral pulses become weak or “thready” and finally non- 
palpable. Early septic shock or “warm” shock is often characterized by 
a widened pulse pressure and bounding pulses. 

End-organ perfusion is best evaluated in the skin, kidneys, and 
brain. The skin should be checked for temperature, color, and capillary 
refill. Cool extremities, pallor, mottling, peripheral cyanosis, and capil- 
lary refill of more than 2 seconds indicate poor perfusion. As perfusion 
worsens, the coolness of the extremities extends proximally. Urine 


output may not be helpful in the initial evaluation of a patient, but it 
becomes an important marker to monitor during therapy. As renal 
perfusion improves, urine flow rate increases. The patient’s alteration 
in consciousness may be a consequence of shock. In early stages of 
shock, the patient is typically lethargic or confused, and lethargy alter- 
nating with combativeness is often seen. 


Rapid Clinical Assessment 


After initial stabilization, attention should turn to rapid clinical assess- 
ment including focused history from available friends, family, wit- 
nesses, lst responders and the medical record as applicable, and a 
physical exam with a targeted neurologic examination. Using this data, 
the etiology of coma (structural, diffuse neuronal dysfunction, and 


TABLE 31.5 Reed Classification of Coma 


Grade 0* Asleep 
Can be aroused 


Will answer questions 


Grade 1* Comatose 
Withdraws from painful stimuli 


Intact reflexes 


Grade 2* Comatose 


Does not withdraw from painful stimuli 
No respiratory, circulatory depression 
Intact reflexes 


Grade 3' Comatose 
Reflexes absent 


No respiratory, circulatory depression 


Grade 4' Comatose 
Reflexes absent 


Respiratory or circulatory problems 


*Good prognosis. 

‘Very serious, may need measures to enhance elimination. 
Modified from Ellenhorn MJ, Barceloux DE. Medical Toxicology: 
Diagnosis and Treatment of Human Poisoning. New York: Elsevier 
Science; 1988:17. 


psychiatric) may be clarified for initial treatment decisions. Pertinent 
questions include recent history preceding the change in mental status, 
the patient’s medical history, and family history, particularly of seizures 
or encephalopathy. Specific questions should be targeted at identifying 
any traumatic injuries in the previous few days, and any recent fevers 
or other signs or symptoms of infection or systemic disease. A dietary 
history in infants presenting with a depressed level of consciousness is 
paramount and may raise suspicion of hypoglycemia (fasting or 
emesis) or hyponatremia (ingestion of free water). Exposure to drugs 
or toxins should be suspected in any patient with a sudden onset of 
unexplained symptoms (coma, seizures) or a gradual onset of symp- 
toms preceded by a period of confusion or delirium. The caregivers 
should be asked directly about possible access to medications, illicit 
drugs, and environmental toxins. 

After collecting the available historical information, the next phase 
in management is completing a physical exam including a rapid neu- 
rologic assessment (see Table 31.4), which should take no more than 
a few minutes. The general physical exam should include assessment 
of vital signs with emphasis on the cardiovascular, respiratory, and 
head and neck exams as well as a general assessment. Special attention 
should be paid to identify any physical exam findings that may suggest 
a specific toxidrome. The absence of a history of trauma or physical 
findings suggestive of a rapidly progressive intracranial process does 
not preclude a traumatic or an anatomic cause of coma. Traumatic 
injuries can result in life-threatening illnesses at any age, including 
newborns. The head and neck should be carefully inspected and the 
skull palpated for evidence of trauma (Table 31.11). In infants, a 
bulging fontanel represents raised intracranial pressure, which may 
have various causes. In the absence of a febrile illness, trauma, includ- 
ing that caused by abusive head trauma, should be suspected in any 
infant with a bulging fontanel. Retinal hemorrhages are often present 
on funduscopic examination in children with abusive head trauma. In 
addition to abusive head trauma, a child may have a subarachnoid 
hemorrhage (ruptured aneurysm, arteriovenous malformation) or 
hydrocephalus without any of the aforementioned signs or symptoms 
of raised intracranial pressure. 
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TABLE 31.6 Classification of Hepatic 
Encephalopathy 


Grade 0 
Grade | 
Grade II 


Normal 
Altered spatial orientation, sleep patterns, and affect 


Drowsy but arousable, slurred speech, confusion, 
and asterixis 


Grade Ill 
Grade IV 


Stuporous but responsive to painful stimuli 


Unresponsive, with decorticate or decerebrate 
posturing possible 


From Rogers EL, Perman JA. Gastrointestinal and hepatic failure. In: 
Rogers MC, ed. Textbook of Pediatric Intensive Care. 2nd ed. 
Baltimore: Williams & Wilkins; 1992:1151. 


After completing a brief general physical exam and noting impaired 
consciousness, a rapid neurologic assessment is required. The neuro- 
logic assessment should focus on identifying lateralizing or focal find- 
ings, recognizing brainstem dysfunction, and defining severity of 
illness. Intrinsic to this assessment is differentiating 1 hemisphere with 
mass effect versus both hemispheres involvement versus suspected 
brainstem dysfunction (Table 31.12). The presence of focal findings 
can be determined by examination of a child’s pupils for asymmetry 
in size or reactivity and examination of the motor system for asym- 
metric movement of the extremities or face. The motor response is part 
of the GCS and FOUR scores as referenced previously. Motor response 
should be tested by lst observing spontaneously purposeful move- 
ment, then movement in response to command and finally, movement 
in response to noxious stimuli. Because localization to pain relies on 
the contralateral arm to cross the midline to address pain, both sides 
should be tested. 

Brainstem function is evaluated by observing the child’s respiratory 
pattern, assessing corneal reflexes, and testing oculocephalic (doll’s 
eye) or oculovestibular (cold caloric) reflexes. The oculocephalic reflex 
should not be checked unless a cervical spine injury has been ruled 
out. Significant brainstem dysfunction is rarely associated with a 
normal breathing pattern (Fig. 31.2). Cheyne-Stokes respiration is a 
pattern of breathing in which periods of hyperpnea alternate with 
shorter apneic phases, observed in the presence of bilateral hemi- 
spheric or diencephalic dysfunction. It may also precede transtentorial 
herniation. The hyperpneic periods have a characteristic smooth, 
crescendo-decrescendo pattern. 

Central neurogenic hyperventilation is encountered with midbrain 
dysfunction; patients with this problem are tachypneic and hyper- 
pneic. Apneustic breathing is associated with damage in the middle to 
lower pontine region. This pattern is characterized by a prolonged 
pause at full inspiration. Clusters of breaths separated by periods of 
apnea may be observed in patients with low pontine to upper medul- 
lary lesions, whereas medullary lesions result in ataxic or irregular 
breathing, slow regular breathing, or agonal respiration. Absent or 
asymmetric corneal reflexes or abnormal oculocephalic or oculovestib- 
ular reflexes suggest serious brainstem involvement. Normal brainstem 
response combined with withdrawal to pain suggests a supratentorial 
abnormality. Roving eye movements suggest an intact brainstem, 
whereas vertical malalignment suggests the brainstem is affected. 

Increasing intracranial pressure is a worrisome sign. Indications of 
clinically significant intracranial hypertension are usually apparent 
during an assessment of pupillary responses, vital signs, and motor 
responses (Tables 31.13 and 31.14). A unilaterally fixed and dilated 
pupil in a patient who is not awake represents uncal herniation precipi- 
tated by an increase in intracranial pressure in the supratentorial space. 
Anisocoria or ptosis may be a sign of increased intracranial pressure. 
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FIGURE 31.2 Abnormal respiratory patterns. A, Cheyne-Stokes respiration. B, Central neurogenic 
hyperventilation. C, Apneusis. D, Cluster breathing. E, Ataxic breathing. Shaded areas show location of 
brain pathology associated with abnormal respiratory pattern. 


TABLE 31.8 Common Causes of Altered Mental Status by Age 


Neonate Infant Child Adolescent 
Hypoglycemia Meningitis Meningitis Meningitis 
Birth asphyxia Bacterial Bacterial Bacterial 
Congenital anomalies of the Viral Viral Viral 
central nervous system 
systemic infection with shock Trauma Encephalitis Encephalitis 
Cardiogenic shock Abuse/shaken baby syndrome Trauma Intentional ingestion 
Congenital infection Asphyxia Ingestion Recreational drug/alcohol use 
Bacterial meningitis Apparent life-threatening event Reye syndrome Suicide gesture or attempt 
Inborn errors of metabolism Intentional suffocation systemic infection with Often involves multiple agents 
shock 
Hypocalcemia systemic infection with shock Seizure Trauma 


Intraventricular hemorrhage 
Seizures 
Birth trauma 


Ingestion 

Inborn errors of metabolism 
Hypoglycemia 
Hyponatremia 
Hypocalcemia 

Encephalitis 


Postimmunization 
encephalopathy 

Hemorrhagic shock and 
encephalopathy syndrome 


Intussusception encephalopathy 


Seizures 


Near-drowning 
Hypoglycemia 
Intussusception 
encephalopathy 
Diabetic ketoacidosis 


Seizures 

Diabetic ketoacidosis 

systemic infection with shock 

Toxic shock syndrome 

Reye syndrome 

Spontaneous intracranial 
hemorrhage 

Psychologic 


Lupus 


TABLE 31.9 


Clinical Feature 
Course 


Attention 


Fluctuation 


Perception 


speech and language 


Other cognition 


Behavior 


Delirium 


Acute onset; hours, days, or 
more 


Markedly impaired attention 
and arousal 


Prominent in attention arousal: 
disturbed day/night cycle 


Misperceptions; hallucinations, 
usually visual, fleeting; 
paramnesia 


Abnormal clarity, speed, and 
coherence; disjointed and 
dysarthric; misnaming; 
characteristic dysgraphia 

Disorientation to time, place; 
recent memory and 
visuospatial abnormalities 

Lethargy or delirium; 
nonsystematized delusions; 
emotional lability 
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Dementias 


Insidious onset’; months or 
years; progressive 


Normal early; impairment later 


Prominent fluctuations absent; 
lesser disturbances in day/ 
night cycle 

Perceptual abnormalities much 
less prominent’; paramnesia 


Early anomia; empty speech; 
abnormal comprehension 


Disorientation to time, place; 
multiple other higher 
cognitive deficits 

Disinterested; disengaged; 
disinhibited; delusions and 
other psychiatric symptoms 


Special Problems in the Differential Diagnosis of Delirium 


Schizophrenia 


Insidious onset, 6 mo or more; 
acute psychotic phases 


Normal to mild impairment 

Absent 

Hallucinations, auditory with 
personal reference 

Disorganized, with a bizarre 
theme 

Disorientation to person; 


concrete interpretations 


Systematized delusions; 
paranoia; bizarre behavior 


Altered Mental Status 


Depression 


Insidious onset, at least 
2 wk, often months 


Mild impairment 


Absent 


May have mood-congruent 
hallucinations 


Decreased amount of speech 


Mental slowing; 
indecisiveness; memory 
retrieval difficulty 

Depressed mood; anhedonia; 
lack of energy; sleep and 
appetite disturbances 


Electroencephalogram Diffuse slowing; low-voltage 


fast activity; specific patterns 


*The characteristics listed are the usual ones and not exclusive. 


"Patients with vascular dementia may have an abrupt decline in cognition. 


Normal early; mild slowing later 


Normal Normal 


‘Patients with dementia with diffuse cortical Lewy bodies often have a fluctuating mental status and hallucinations. 
From Mendez MF, Padilla CR. Delirium. In: Daroff RB, Jankovic J, Mazziotta JC, et al., eds. Bradley's Neurology in Clinical Practice. 7th ed. 


Philadelphia: Elsevier; 2016:32; Table 4.2. 


Impending central herniation from increased pressure on the caudal 
brainstem may be preceded by the Cushing triad of hypertension, 
bradycardia, and irregularities of respiration. Decerebrate or opistho- 
tonic posturing should also be considered a sign of raised intracranial 
pressure in an unresponsive patient. A lateral rectus palsy (cranial 
nerve VI) may also be an early sign of intracranial hypertension. 


Reversal of Immediately Treatable Toxic or 
Metabolic Causes 


If the etiology for altered consciousness is not yet known, emphasis 
should shift to a systemic review of the reversible causes. Hypoglycemia 
and narcotic intoxication are 2 rapidly reversible causes of coma. 
Hypoglycemia is a medical emergency that must be reversed because 
sustained hypoglycemia may result in permanent neurologic damage. 
A blood glucose level should be obtained as soon as possible in an 
altered child. Once an intravenous catheter has been placed, all unre- 
sponsive children should receive dextrose unless a diagnosis other than 
hypoglycemia is apparent. In the absence of a central line, the percent 
dextrose solution used may vary; however, the absolute dose of glucose 
remains the same. If the child’s mental status improves or if there is 
laboratory confirmation of hypoglycemia, the dextrose bolus should 
be followed by a continuous infusion of glucose and electrolytes to 
prevent rebound hypoglycemia. 

Naloxone is also administered to children who have marked 
depression of consciousness without an obvious cause, particularly if 
hypoventilation is observed and opioid ingestion is suspected. Miosis 
is not a necessary finding because ingestion of multiple agents, includ- 
ing narcotics, may not result in small, constricted pupils. Large inges- 
tions of narcotics may necessitate larger single doses of naloxone 


because of the competitive nature of its antagonistic effect, or they may 
necessitate multiple doses because its half-life is shorter than that of 
the narcotic ingested. 

Another reversible cause of coma is a benzodiazepine ingestion. 
Flumazenil, a specific competitive antagonist of benzodiazepines, 
should only be given if benzodiazepine ingestion is suspected as 
administration of flumazenil to a patient who has ingested multiple 
agents may precipitate seizures. 

When there are clinical signs or symptoms of meningitis or enceph- 
alitis, the child should be assessed for the presence of a bulging fontanel, 
nuchal rigidity, and Kernig or Brudzinski signs. Prior administration of 
antibiotics does not affect meningeal irritation. Most (85%) children 
with meningitis have an alteration in mental status (53% lethargic, 
22% stuporous, 10% comatose). If meningitis is suspected, a lumbar 
puncture, including measurement of the opening pressure, should be 
performed unless the procedure is contraindicated (Table 31.15). If a 
contraindication exists, the child should be stabilized, receive empiri- 
cal antimicrobial therapy, and undergo head CT imaging. The patient 
should undergo lumbar puncture as soon as it is no longer contraindi- 
cated. If a patient presents with sudden nuchal rigidity not preceded by 
a prodromal illness, a subarachnoid hemorrhage should be suspected 
and a CT scan performed before the lumbar puncture. 


Level of Central Nervous System Function and Cause 


The coma can be initially considered stable if (1) focal neurologic 
findings are not present, (2) there is no evidence of significant brain- 
stem dysfunction, (3) intracranial pressure is not raised, (4) there is no 
evidence of head trauma or CNS infection, and (5) the child does not 
have a rapidly reversible toxic or metabolic cause. At this point a 
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TABLE 31.10 Mini-Mental Status Examination 


Test 


Orientation 
1. What is the year? Season? Date? Day? Month? * 


2. Where are we? State? County? City? Hospital? Floor?” 


Registration 


Maximum Score 


3. Name 3 objects. Ask the patient to name the items.* Repeat the answers until the patient learns all 3. 


Attention and Calculation 


4. Serial sevens (ask the patient to begin with 100 and count backwards by sevens, stopping after 5 subtractions: 93, 86, 79, 72, 65).* 


or 
spell “word” backwards.” 


Recall 
5. Ask the patient to name the 3 objects learned under “registration,” above.* 


Language 
6. Point to a pencil and watch, asking the patient to name both items.” 
7. Have the patient repeat “No ifs, ands, or buts.” 


8. Have the patient follow a 3-stage command. For example, say “Take a paper in your right hand. Fold the paper in half. Put the paper 


on the floor.” * 


9. Have the patient read and obey the following sentence, written in large letters: “Close your eyes.” 


10. Have the patient write a sentence.’ 
11. Have the patient copy a picture of 2 intersecting pentagons. 


Total 


*Give 1 point for each correct answer. 


‘The sentence should make sense and contain a subject and object to earn the 1 point: spelling errors are ignored. 

Modified from Anthony JC, LeResche L, Niaz U, et al. Limits of the “mini-mental state” as a screening test for dementia and delirium among 
hospital patients. Psychol Med. 1982;12:397-408; Folstein MF, Folstein SE, McHugh PR. “Mini-mental state”: a practical method for grading the 
cognitive state of patients for the clinician. J Psychiatr Res. 1975;12:189-198. 


TABLE 31.11 Signs of Head Trauma 
Possibly Associated with Intracranial Disease 


General Signs of Basilar Skull Fracture 


Lacerations Hemotympanum 
CSF rhinorrhea 
CSF otorrhea 
“Raccoon eyes” 


Battle sign 


Hematomas 


Ecchymosis 

Swelling 

Palpable crepitations 
Step-off of skull 


CSF, cerebrospinal fluid. 


detailed physical examination and expanded laboratory evaluation can 
be undertaken to determine the level of CNS function and the cause 
of the coma. 

Coma can be thought of as resulting from hemispheric or brain- 
stem (including reticular activating formation) dysfunction. Dysfunc- 
tion in either location may be produced by anatomic or nonstructural 
causes and a detailed physical examination may provide further clues 
to the cause of the coma (Table 31.16). The origin of coma (hemi- 
spheric vs brainstem) and its cause (metabolic vs structural) can be 
elucidated by evaluation of pupillary size and reactivity, eye move- 
ments, motor responses, and respiratory pattern. 

Pupillary light reflexes are generally preserved in metabolic 
encephalopathy, whereas their absence strongly suggests a structural 
lesion. The only exception to the latter is drug effect, particularly with 


potent anticholinergic compounds, such as glutethimide, atropine, or 
scopolamine, which produce fixed and dilated pupils. The balance 
between sympathetic and parasympathetic stimulation, which result in 
pupillary dilation and constriction, normally determines pupillary size 
and reactivity. A unilaterally dilated and fixed pupil is a sign of uncal 
herniation with entrapment of the oculomotor nerve. Parasympathetic 
fibers innervating the eye accompany the oculomotor nerve. Sympa- 
thetic fibers originate from at least 4 hypothalamic nuclei so that 
diencephalic dysfunction results in small, reactive pupils. Hypotha- 
lamic damage often results in ipsilateral miosis associated with Horner 
syndrome (miosis, ptosis, and anhidrosis). 

Injury to nuclei located in the midbrain disrupts both sympathetic 
and parasympathetic pathways, resulting in midsized, fixed pupils. 
Damage to the midbrain tectal regions also produces mid-position or 
slightly large, fixed pupils. In contrast to nuclear damage, however, 
accommodation may be intact, so that pupillary size fluctuates spon- 
taneously. Pontine lesions, principally hemorrhage, interfere with 
descending sympathetic fibers, causing symmetrically small pupils for 
which a magnifying glass may be needed to detect a light reflex. Lateral 
medullary lesions may also produce Horner syndrome, whereas central 
herniation results in fixed, dilated pupils. Fig. 31.3 summarizes pupil- 
lary findings in comatose patients. 

Evaluation of eye movements is helpful in differentiating hemi- 
spheric from brainstem causes of coma. Frontal regions of the cerebral 
hemispheres are responsible for voluntary eye movements, the quick 
phase of nystagmus, and control over brainstem reflexes that deter- 
mine eye movements. Bilateral hemispheric depression may result in 


TABLE 31.12 Neurologic Findings That 
Help to Localize Site of Structural Brain 
Disease by Location of Lesion 


Neurologic Findings 
Bilateral hemispheric Spontaneous eye movements (roving, dipping, * 
ping-pong, nystagmoid jerks) 
Upward or downward eye deviation 
Intact oculovestibular reflexes 
Intact pupillary and corneal reflexes 
Variable motor responses 
Adventitious limb movements (subtle 
manifestations of seizures, myoclonus, asterixis) 


Brainstem Anisocoria or unilateral fixed and dilated pupil 
displacement from (predominant lateral displacement) 
a hemispheric mass Midposition fixed pupils (predominant downward 
displacement) 
Extensor or flexor posturing 
Central hyperventilation (diencephalic) 


Brainstem Direction-changing or vertical nystagmus from the 
displacement from cerebellar lesion 
a cerebellar mass Ocular bobbing’ 
Absent corneal reflexes with intact pupillary 
reflexes 
Extensor or flexor posturing 
Facial or abducens nerve palsy 
Skew deviation (vertical misalignment of eyes) 
Internuclear ophthalmoplegia 


Intrinsic brainstem Vertical nystagmus or bobbing 
lesion Miosis (with pontine lesions) 

Internuclear ophthalmoplegia 

Variable pupillary and corneal reflexes (can both 
be absent) 

Absent oculocephalic and oculovestibular 
responses 

Extensor or flexor posturing 

Ataxic breathing (pontomedullary damage) 


*Slow eye movement down followed by rapid return up to the mid 
plane. 

‘Rapid eye movement up followed by slow return down to the mid 
plane. 

From Edlow JA, Rabinstein A, Traub SJ, et al. Diagnosis of reversible 
causes of coma. Lancet. 2014;382:2064-2076. 


TABLE 31.13 Signs of Incipient Downward Her 


Central 
Arousal Impaired early, before other signs 
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roving eye movements if brainstem function is intact. Because stimula- 
tion of a frontal gaze center causes conjugate deviation of the eyes to 
the opposite side, tonic lateral deviation of the eyes implies a seizure 
emanating from the contralateral hemisphere. Eye deviation may also 
result from an ipsilateral hemispheric injury with unopposed stimula- 
tion from the undamaged hemisphere or from a contralateral pontine 
lesion. The degree of eye deviation is usually more dramatic with 
hemispheric damage than with brainstem damage. 

If the patient’s eyes are not moving, then reflex eye movements are 
tested by the oculocephalic and oculovestibular responses (Fig. 31.4). 
These maneuvers involve the same major neuronal pathways. Afferent 
fibers from the labyrinth, cerebellum, and cervical muscles reach the 
vestibular nuclei (cranial nerve VIII) in the medulla. Fibers from the 
vestibular nuclei then course to the ipsilateral abducens nuclei (cranial 
nerve VI). Fibers from the abducens nuclei then decussate in the 
midpons and ascend in the medial longitudinal fasciculus to reach the 
contralateral oculomotor nuclei (cranial nerve III). Positive reflexes 
indicate the absence of cortical input on an intact brainstem. 

The oculocephalic reflex is elicited by rotating the child’s head from 
side to side and observing the eye movements. If brainstem function 
is intact, the eyes deviate in a direction opposite to the head movement. 
Both left and right lateral rotation should be tested. This reflex should 
then be tested in a vertical plane by rapidly flexing and extending the 
neck. A positive response is upward gaze when the neck is flexed and 
downward deviation when the head is extended. Such maneuvers are 
contraindicated if cervical spine injury is suspected. 

The oculovestibular reflex is tested by instilling ice water into the 
ear canal. The ear canal must be visualized to ensure that there is no 
obstruction and that the tympanic membrane is intact. The head is 
then placed at a 30-degree angle from the horizontal so that the semi- 
circular canal is vertical, and up to 120 mL of ice water is then injected 
slowly into the external ear canal over a few minutes through an angio- 
catheter. After a minimum of 5 minutes, the other ear may be tested; 
this interval allows time for the oculovestibular system to re-equilibrate. 
A positive response in an awake patient is nystagmus with the slow 
component toward the irrigated ear and the fast component away from 
the stimulus. With bilateral hemispheric depression, the fast phase of 
nystagmus dissipates, and the eyes are tonically deviated toward the 
irrigated ear. 

Both the oculocephalic and oculovestibular reflexes are absent 
in patients with low brainstem lesions because neurotransmission 
between the vestibular and abducens nuclei is interrupted. In patients 
with damage to the medial longitudinal fasciculus, the ipsilateral eye 
fails to adduct on irrigation of the contralateral ear canal. However, the 


niation 
Uncal 
Impaired late, usually with other signs 


Breathing Sighs, yawns, sometimes Cheyne—Stokes respiration No early change 


Pupils First, small reactive (hypothalamus); then 1 or bo 
approach mid-position 


Oculocephalic responses Initially sluggish, later tonic conjugate 


Motor signs Early hemiparesis opposite to hemispheric lesion 
followed late by ipsilateral motor paresis and 
extensor plantar response 


th Ipsilateral pupil dilates, followed by somatic 3rd nerve paralysis 


Unilateral 3rd nerve paralysis 
Motor signs late, sometimes ipsilateral to lesion 


From Plum F. Neurology/sustained impairments of consciousness. In: Wyngaarden JB, Smith LH, Bennett JC, eds. Cecil Textbook of Medicine. 


19th ed. Philadelphia: WB Saunders; 1992:2050. 
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TABLE 31.14 Characteristics of 
Supratentorial Lesions Leading to Coma 


Initiating symptoms usually cerebral-focal: aphasia; focal seizures; 
contralateral hemiparesis, sensory change, or neglect; frontal lobe 
behavioral changes; headache 


Dysfunction moves rostral to caudal: e.g., focal motor — bilateral motor > 
altered level of arousal 

Abnormal signs usually confined to a single or adjacent anatomic level (not 
diffuse) 


Brainstem functions spared unless herniation develops 
From Plum F. Neurology/sustained impairments of consciousness. In: 


Wyngaarden JB, Smith LH, Bennett JC, eds. Cecil Textbook of 
Medicine. 19th ed. Philadelphia: WB Saunders; 1992:2050. 


TABLE 31.15 Contraindications to 
Lumbar Puncture 


Clinically important cardiorespiratory compromise in a neonate or young 
infant 

Signs of raised intracranial pressure (pupillary changes, ptosis, 
hypertension, bradycardia, posturing, cranial nerve VI palsy, retinal 
changes) 

Skin or soft tissue infection overlying area where lumbar puncture is to be 
performed 


Focal neurologic findings 


Suspected brain abscess (illness duration longer than expected for 
meningitis; focality) 


METABOLIC 


O < 


Small reactive 


Sr kro 
D LW 


DIENCEPHALIC 
Small reactive 
i 


III NERVE (UNCAL) 
Dilated, fixed 


~x 


LON LOS 
x TECTAL 
Large “fixed”, hippus 


PONS 
Pinpoint 


MIDBRAIN 


Midposition, fixed 
FIGURE 31.3 Pupils in comatose patients. 


opposite eye abducts normally. For example, with a lesion in the left 
medial longitudinal fasciculus, the right eye abducts, but the left eye 
does not, in response to irrigating the right ear canal. This reaction is 
caused by disruption of fibers between the abducens and the contra- 
lateral oculomotor nuclei (see Fig. 31.4). 

In addition to assessing ocular motility, the examiner should test 
the corneal reflex and determine the presence or absence of a blink. 
The absence of a blink in response to a loud noise or bright light 
implies dysfunction of the pontine reticular formation secondary to 
either metabolic or structural causes. Unilateral absence of a blink 
implies a facial nerve lesion. The afferent limb of the corneal reflex is 
carried by the trigeminal nerve (cranial nerve V). The normal effector 
response involves both upward deviation of the eye (oculomotor 
nerve) and closure of the eyelid (facial nerve). A normal reflex suggests 
that the integrity of pathways between the midbrain and the pons has 
not been violated. 


Examination of the motor system includes observation of body 
position, spontaneous movements, and response to noxious stimuli 
(Fig. 31.5). A normal body position usually denotes an intact brain- 
stem, as do spontaneous, nonposturing movements. Hemiparesis or 
hemiplegia implies a structural lesion in the contralateral hemisphere 
or subcortical region or an ipsilateral spinal cord injury. The presence 
of hypertonia or hyperreflexia suggests previous corticospinal tract 
disease or an acute brainstem injury at the midbrain-pontine level. 
It can also be observed in patients with severe metabolic derange- 
ments, such as hepatic coma, hypoglycemia, anoxia, and uremia. 
Hypotonia implies bilateral hemispheric dysfunction or a medullary 
or spinal cord lesion. In patients with severe depression of brain func- 
tion, motor function can be assessed only after the application of a 
noxious stimulus, such as a sternal rub or increasing subungual pres- 
sure to the fingernails or toenails. Ascending sensory pathways to the 
cerebral hemispheres are intact, and descending motor pathways are 
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TABLE 31.16 Physical Examination and Diagnosis of Coma 


System 
Skin 


Sign 

Dry 

Moist 
Pigment 

Nevi 
Petechiae 
Cyanosis 
Erythema 
Butterfly rash 
Desquamation 
Jaundice 
Nail changes 


Breath odor Fruity 

Feculent 

Garlic 

Almonds 
Wintergreen 
Ammoniacal 
Acrid (pearl-like) 
Contusions 
Vasodilation 


Scalp 


Chemosis 

Periorbital ecchymosis 
Subhyaloid hemorrhage 
Vasospasm (retina) 


Eyes 


Ears Hemorrhage 


Otitis media 


Nose Cerebrospinal fluid rhinorrhea 


Mouth Scarred tongue 
Pigmentation 
Lead lines 
Rigid 

Enlarged 


Neck 
Thyroid 
Heart 
Abdomen 
Extremities 


Murmur 
Hepatomegaly 


Fracture 
Ecchymosis 
Osler nodes 


Disorder 


Dehydration, myxedema, adrenal insufficiency, anticholinergic poisoning 
Syncope 

Addison disease, porphyria 

Tuberous sclerosis with seizures 

Bacteremia, subacute bacterial endocarditis, idiopathic thrombocytopenic purpura 
Hypoxia, congenital heart disease with cerebral embolism, methemoglobinemia 
Carbon monoxide, atropine, or mercury intoxication 

Lupus erythematosus, tuberous sclerosis 

Vitamin A intoxication, scarlatina 

Hepatic disease, hemolytic anemia 

Splinter hemorrhage—endocarditis 

Mycotic infection and hypoparathyroidism 

Periungual fibroma (tuberous sclerosis) 


Diabetic ketoacidosis; amyl nitrate, alcohol, isopropyl alcohol poisoning 
Hepatic encephalopathy 

Selenium toxicity, arsenic poisoning, organophosphate poisoning 
Cyanide poisoning 

Methyl salicylate poisoning 

Uremia 

Paraldehyde, chloral hydrate poisoning 

Trauma 

Sagittal sinus thrombosis 


Cavernous sinus thrombosis 
Blow-out orbital fracture 
Subarachnoid hemorrhage 
Hypertensive encephalopathy 


Basilar skull fracture 
Brain abscess, lateral sinus thrombosis 


Basilar skull fracture 


Seizure disorder 
Addison disease 
Plumbism (lead intoxication) 


Meningitis, pneumonia, subarachnoid hemorrhage, encephalitis 
Myxedema, thyrotoxicosis 

Subacute endocarditis, brain abscess 

Leukemia, hepatic failure, heart failure 


Trauma, fat embolism 
Trauma, hemorrhagic diathesis 
Endocarditis 


Modified from Tait VF, Dean JM, Hanley DF. Evaluation of the comatose child. In: Rogers MC, ed. Textbook of Pediatric Intensive Care. 2nd ed. 


Baltimore: Williams & Wilkins; 1992:741. 


functioning to some degree if the response to a noxious stimulus 
includes verbalization or eye opening or a normal motor response, 
such as localization of the stimulus, withdrawal of the limb, or move- 
ment away from the stimulus. 

Decorticate posturing implies hemispheric dysfunction with an 
intact brainstem; decerebrate posturing is more ominous (see 
Fig. 31.5). Opisthotonos with clenched teeth is a severe form of decer- 
ebration. This response usually suggests brainstem compression or a 
severe structural injury to the midbrain-pontine region. It can also 
occur in association with severe metabolic diseases, such as hepatic 
coma, anoxia, and hypoglycemia. Less commonly, decerebrate posture 
may represent delayed cortical demyelination after a hypoxic-ischemic 


injury. Pontomedullary or spinal cord damage is associated with a 
flaccid response to noxious stimulation. 

A patient’s breathing pattern is also helpful in localizing the area of 
CNS dysfunction. Hyperventilation can be observed not only in mid- 
brain structural lesions but also in toxic-metabolic encephalopathies 
as a primary response to stimulation of the respiratory center (salicy- 
late, theophylline, hepatic coma) or as a compensatory response to a 
metabolic acidosis. This pattern is also seen with raised intracranial 
hypertension, as may occur in a child with meningitis. Hypoventila- 
tion with a normal rhythm, particularly if associated with a symmetri- 
cally depressed motor examination, usually implies global CNS 
depression secondary to drug ingestion. 
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Brainstem 
intact 


MLF 
(bilateral) 


Low 
brainstem 
lesion 


Cold H20 


Cold H20 


Cold H20 


FIGURE 31.4 Ocular reflexes. MLF, medial longitudinal fasciculus. 


Further laboratory assessment depends on clinical suspicions for- 
mulated from the detailed neurologic exam described earlier (Table 
31.17). Patients with suspected anatomic causes of coma should 
undergo emergency head CT imaging, whereas those with a suspected 
CNS infection should undergo lumbar puncture. Other studies to con- 
sider are electrocardiography to rule out conduction abnormalities, 
seen with many drugs; liver function studies including coagulation 
factors; blood ammonia determination; measurement of calcium, 
magnesium, and phosphorus; and serum osmolality measurement. An 
osmolal gap, as well as an anion gap should be calculated. The osmolal 
gap is the difference between the measured and calculated serum 
osmolality (normal is <5-10 mOsm/kg H,O). Table 31.18 summarizes 
the differential diagnoses of an elevated anion or osmolal gap. Toxicol- 
ogy screens may be of value with suspected ingestions; however, the 
results must be interpreted cautiously. Because toxicology screens are 
not standardized, a “negative” result does not rule out an undeter- 
mined ingestion. Screening for certain agents, such as methanol and 
ethylene glycol, needs to be requested specifically, whereas tests for 


other compounds may yield false-negative results. Patients with a 
history of constitutional symptoms such as headache, emesis, or upper 
respiratory illness that proceed to have psychiatric symptoms, language 
disintegration, and catatonia should be evaluated for anti- NMDA 
(N-methyl D-aspartate) receptor encephalitis with a lumbar puncture, 
brain imaging and antibody testing. 

If physical examination and laboratory studies do not yield a diag- 
nosis, a head CT scan should be obtained to rule out anatomic or 
vascular causes. Further diagnostic evaluation with magnetic reso- 
nance imaging (MRI) may be necessary to evaluate parenchymal 
abnormalities. Imaging may reveal subtle signs of edema, ischemia, or 
demyelination before these signs are visible on CT scan. Large tumefac- 
tive T2 lesions of similar age with variable enhancement in either the 
brain or spine, with MRI scanning, are consistent with acute dissemi- 
nated encephalomyelitis (ADEM), an inflammatory demyelinating 
condition that can present with fever, headache, vomiting, meningeal 
signs, and seizures resulting in encephalopathy. Neuromyelitis optica 
(NMO) can occasionally present with encephalopathy similar to that 
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TABLE 31.18 Toxins and Disease States 
Causing Elevated Anion and/or Osmolal Gaps 


Anion Gap Osmolal Gap 
Ethanol Ethanol 

Ethylene glycol Ethylene glycol 
Methanol Methanol 
Toluene Acetone 

lron Propylene glycol 
Isoniazid Ethyl ether 
salicylates Isopropyl alcohol 
Paraldehyde Mannitol 
strychnine Trichloromethane 
Renal failure Renal failure 
Diabetic ketoacidosis Diabetic ketoacidosis 
Lactic acidosis 


seen in ADEM, although it more commonly presents with optic neu- 
ritis, transverse myelitis, or focal brainstem findings. Brain imaging in 
a patient with NMO will typically have less defined hemispheric 
lesions. 

If MRI results are normal, the most likely causes of coma are intoxi- 
cation, psychologic factors, or related to seizure. An electroencephalo- 


x gram is indicated if encephalitis, encephalopathy, or seizure disorder 
C N 3 D s is suspected. 
FIGURE 31.5 Motor response to noxious stimuli. TOXIC ENCEPHALOPATHY 
Toxic compounds are common causes of altered consciousness in chil- 
TABLE 31.17 Laboratory Evaluation of dren. More than 90% of poisonings in young children are accidental 
Metabolic Brain Disease and involve a single substance. Many are prescription medications. 
Test Reacon for [ost Children in certain age groups are statistically at greater risk of being 
poisoned; 44% and 59% of all cases of poisonings reported to Poison 
Immediate Control Centers occur in children younger than 3 and 6 years of age, 
Glucose Hypoglycemia, hyperosmolar coma respectively. Of these ingestions, opioids, sedative-hypnotic, and car- 
Nat ME aa analisa diovascular medication ingestions are the most common. Intentional 
Catt pane nen enone ingestions are far more common in adolescents. The clinician’s index 
of suspicion should be dependent not only on the age of the patient 
BUN Uremia but also on the history of the present illness; a poisoning should be 
Arterial blood pH, Pco2, Po,, oxygen Acidosis, alkalosis, hypoxia, CO, or suspected in a previously healthy child who presents with a sudden 
saturation methemoglobin onset of unexplained symptoms (seizures, mental status changes, vom- 
Lumbar puncture Infection, hemorrhage, meningeal iting, hematemesis) or a gradual onset of symptoms preceded by a 
carcinomatosis period of confusion or delirium. A correct diagnosis is usually estab- 
lished by integrating information from the history, physical examina- 
Later tion, and ancillary tests and then identifying a toxidrome, a symptom 
Liver function tests, ammonia level Hepatic coma, Reye syndrome, urea complex associated with a given class of ingested drug. The most 
cycle defect important aspects of the physical examination to identify a toxidrome 
Drug levels Overdose are the level of consciousness, the pupillary examination, and the vital 
Blood and CSF culture Sepsis, encephalitis, meningitis a 
Full electrolytes Electrolyte imbalance including Mg” Level of Consciousness 


Coagulation profile Intravascular coagulation 


Table 31.19 lists common agents responsible for different changes in 
EEG Seizure disorder mental status. Toxic exposures may also occur via routes other than 
the oral route; organophosphates may be absorbed through the skin, 
whereas other compounds, such as carbon monoxide, are inhaled. 


BUN, blood urea nitrogen; CO, carbon monoxide; CSF, cerebrospinal 
fluid; EEG, electroencephalography; PCO., partial pressure of carbon 
dioxide; PO», partial pressure of oxygen. - - - 
Modified from Plum F. Neurology/sustained impairments of Pupillary Examination 

consciousness. In: Wyngaarden JB, Smith LH, Bennett JC, eds. Cecil When the pupils are evaluated for size and reactivity, the presence 
Textbook of Medicine. 19th ed. Philadelphia: WB Saunders; 1992:2053. of nystagmus should also be noted (Table 31.20). Most drugs cause 
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TABLE 31.19 


Coma 
Anticholinergics 
Antihistamines 
Cholinergic agents 
Sedative-hypnotics 
Alcohols 

Narcotics 
Neuroleptics 
Tricyclic antidepressants 
Phencyclidine 
Salicylates 

Heavy metals 
Hypoxia 

Carbon monoxide 
Cyanide 


Agitation 
Sympathomimetics 
Methylxanthines 
Phencyclidine 
Salicylates 

Alcohol 


TABLE 31.20 Effect of Drugs on 
Pupillary Findings 


Dilated 
Sympathomimetics 
Anticholinergics 
Cocaine Cholinergic agents Phenytoin 
Tricyclic antidepressants Benzodiazepines Carbamazepine 
Glutethimide PCP RCE 

LSD Clonidine Glutehimide 


Constricted 
Narcotics 
Phenothiazines 


Nystagmus 
Barbiturates 
Alcohol 


LSD, lysergic acid diethylamide; PCP, phenylcyclohexyl piperidine 
(phencyclidine HCI). 


horizontal nystagmus; however, phenytoin may produce upbeat nys- 
tagmus, whereas phencyclidine may cause rotary nystagmus. 


Vital Signs 


Although fever is typically indicative of infection or a metabolic dis- 
turbance, such as the hemorrhagic shock and encephalopathy syn- 
drome, many toxic compounds may induce hyperthermia (Table 
31.21). The most common causes of fever in intoxicated children 
include anticholinergic compounds, antihistamines, salicylates, and 
sympathomimetic agents. Hypothermia may also be a sign of drug 
exposure (Table 31.22). Sedative-hypnotic agents, including ethanol, 
are common causes of hypothermia. 

Bradycardia or tachycardia may result directly from the auto- 
nomic effect of a drug or may be a reflex response to a change in blood 
pressure. Intoxication with a B blocker, calcium channel blocker, œ- 
adrenergic agonist (clonidine), or cholinergic agonist (organophos- 
phate) characteristically manifests with bradycardia with or without 
hypertension. In mild clonidine ingestions or in the early stage of 
clonidine intoxication, the patient may be hypertensive as a result of 
the partial o,-agonist effect of the drug. Bradycardia may be a reflex 
response to the precipitation of hypertension by a vasoconstrictor 
agent, such as an ergotamine or an Q-adrenergic agonist, such as phen- 
ylpropanolamine. On the other hand, a B-adrenergic agonist or anti- 
cholinergic agent intoxication usually manifests with tachycardia as 
part of the symptom complex. Intoxication with drugs that possess 
both &- and B-adrenergic agonist properties may manifest with both 
tachycardia and hypertension, whereas several classes of compounds 
may cause hypotension with a reflex tachycardia. Examples of the latter 


Confusions and/or Hallucinations 
Anticholinergics 

Psychotropics 

Lysergic acid diethylamide 

Mescaline 

Marijuana 

Antihistamines 


Changes in Level of Consciousness Observed with Specific Drug Intoxications 


Seizures 
Cocaine 
Amphetamines 
Methylxanthines 
Tricyclic antidepressants 
Cholinergic agents 
Neuroleptics 
Salicylates 
Camphor 

Isoniazid 
Phenytoin 
Antihistamines 


TABLE 31.21 Compounds and Conditions 
Inducing Hyperthermia 


Muscular Hyperactivity or Rigidity 
Amoxapine 

Amphetamines 

Cocaine 

Ethanol or sedative-hypnotic withdrawal 
Lithium 

ISD 

MAO inhibitors 

Phencyclidine 


Tricyclic antidepressants 


Increased Metabolic Rate 
Dinitrophenol 


Pentachlorophenol 
salicylates 
Thyroid hormone 


Impaired Heat Dissipation or Thermoregulation 
Anticholinergic agents 


Antihistamines 
Antipsychotic agents 
Tricyclic antidepressants 


Other/Unknown Mechanisms 
Metal fume fever 


LSD, lysergic acid diethylamide; MAO, monoamine oxidase. 

Modified from Olson KR, Pentel PR, Kelley MT. Physical assessment 
and differential diagnosis of the poisoned patient. Med Toxicol. 
1987;2:40. Permission granted by AIDS International, Inc. 


include direct vasodilators or @-adrenergic blockers (hydralazine, phe- 
nothiazines, tricyclic antidepressants) and compounds that cause 
3rd-space fluid losses (acute iron intoxication). The anticholinergic 
properties of the phenothiazines and tricyclic antidepressants contrib- 
ute to the tachycardia seen with these agents. Cholinergic compounds, 
such as organophosphates and carbamates, may cause tachycardia 


TABLE 31.22 Compounds and Conditions 
Inducing Hypothermia 


Ethanol 

Sedative-hypnotic agents (e.g., barbiturates, benzodiazepines) 
Hypoglycemia 

Isopropyl alcohol 

Narcotics 

Phenothiazines 


Tricyclic antidepressants 


Adapted from Olson KR, Pentel PR, Kelley MT. Physical assessment 
and differential diagnosis of the poisoned patient. Med Toxicol. 
1987;2:41. Permission granted by AIDS International, Inc. 


TABLE 31.23 Skin Manifestations 


of Intoxication 


Manifestation Toxin/Condition 


Barbiturates, carbon monoxide, sedative- 
hypnotics, opioids 


Bullous lesions 


Diaphoresis Cholinergic agents (organophosphates), 
sympathomimetics, mercury, arsenic, 


salicylates 


Dry skin (and mucous 
membranes) 


Anticholinergics, antihistamines, narcotics 

Diffuse erythema Anticholinergics, carbon monoxide, cyanide, 
boric acid, mercury 

Cyanosis Hypoxia, methemoglobinemia, ergotamines 

Needle tracks Opiates, phencyclidine, amphetamine 


Jaundice Acetaminophen 


instead of bradycardia because acetylcholine is the neurotransmitter 
found at nicotinic receptors in the sympathetic chain ganglion. 

Tachypnea or hyperpnea may result from a central effect of a drug 
(salicylates, methylxanthines) or from a metabolic acidosis (salicylates, 
alcohols) in addition to structural CNS lesions or cardiopulmonary 
compromise. Slow or shallow breathing should always raise the suspi- 
cion of drug ingestion, particularly with CNS depressants, such as 
narcotics and sedative-hypnotics. Hypoventilation may also be a pre- 
senting symptom of a clonidine overdose as a result of its opiate-like 
effects. In addition, organophosphate or carbamate intoxications may 
manifest with hypoventilation as a primary symptom as a result of 
weakness of respiratory muscles. 

Odors emanating from the breath or clothing may offer invaluable 
clues as to the diagnosis. Not only do certain metabolic diseases, such 
as diabetic ketoacidosis and hepatic failure, produce characteristic 
breath odors but so also do a number of chemical compounds, includ- 
ing cyanide (bitter almonds); isopropyl alcohol, methanol, salicylate 
(acetone); methyl salicylate (wintergreen); arsenic, thallium, organo- 
phosphates (garlic); and turpentine (violets). Inspection of the skin 
and mucous membranes may also be helpful (Table 31.23). 

Although a single sign or symptom may be attributable to many 
classes of drugs, combinations of symptoms (toxidrome) enable the 
clinician to narrow down the number of possible agents. Sympatho- 
mimetic agents, anticholinergics, and tricyclic antidepressants all cause 
mydriasis and tachycardia. If these symptoms occur in a patient with 
a prolonged QRS interval on an electrocardiogram, the most likely 
cause is a tricyclic compound, whereas if the former symptoms occur 
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in a diaphoretic, tremulous patient, a sympathomimetic agent would 
be suspected. Table 31.24 outlines toxidromes of common classes of 
compounds ingested by children. 

Management of most ingestions includes prevention of further 
absorption and supportive therapy. Activated charcoal is the preferred 
method for decreasing absorption of stomach contents. Gastric decon- 
tamination should be withheld if a nontoxic substance is ingested, if a 
nontoxic quantity of a toxic compound is ingested, if absorption is 
complete, or if a caustic agent is ingested. Under these circumstances, 
gastric decontamination carries risks but no benefits. Induction of 
emesis is contraindicated in patients with a depressed mental status or 
who are at risk for a sudden deterioration of their mental status. 

Very few specific antidotes exist for substances that are ingested. If 
an antidote exists, its use depends on the patient’s prognosis if it were 
not administered. For example, not all children require treatment with 
N-acetylcysteine after acetaminophen poisoning. If the patient is 
asymptomatic and has a serum acetaminophen concentration in a 
nontoxic range when plotted on the Rumack-Matthew nomogram, 
N-acetylcysteine therapy is not indicated. Table 31.25 is a partial list of 
available antidotes. Although not a true antidote, sodium bicarbonate 
is included as an antidote for salicylate and tricyclic antidepressant 
ingestions because its use can reduce symptoms by reducing tissue 
distribution of these compounds. 

Some drugs lend themselves to procedures aimed at enhancing 
drug elimination from the body. These procedures include changing 
urinary pH (alkalinization to enhance salicylate excretion), using mul- 
tiple doses of charcoal (theophylline, phenobarbital, carbamazepine), 
and performing extracorporeal drug removal (peritoneal or hemodi- 
alysis, charcoal hemoperfusion, exchange transfusion). Either patient- 
related or drug-related criteria should be met before the institution of 
extracorporeal drug removal (Table 31.26). When the management 
approach is not known, a resource such as a poison control center or 
a clinical pharmacologist should be consulted. 


TRAUMA 


Infants with head trauma may have evidence of intracranial hyperten- 
sion: bulging fontanel, decerebrate posturing, and tachypnea. The 
clinical picture in a young infant may be confused with meningitis. In 
the absence of a febrile illness, trauma should be suspected, and the 
patient should be treated as if there is a rapidly progressive intracranial 
process. 

Abusive head trauma, formerly referred to as shaken baby syn- 
drome or nonaccidental trauma, describes a collection of abusive 
mechanisms that can result in pediatric neurotrauma. The Ist 2 years 
of life present a high risk period with an estimated incidence of 16-33 
cases/100,000 children affected. Injury occurs by many different mech- 
anisms including blunt force, acceleration/deceleration, penetrating 
trauma, or asphyxiation. Presenting symptoms can include lethargy 
(77%), respiratory depression or seizure (43-50%), developmental 
delay (12%), or nonspecific findings such as irritability, decreased oral 
intake, and vomiting (15%). The key to diagnosis is to maintain a high 
index of suspicion. In suspected cases of abusive trauma, utilizing a 
multidisciplinary care team including the primary physician, a child 
advocacy specialist, appropriate surgical providers (e.g., ophthalmol- 
ogy, neurosurgery, or orthopedic surgery) and social work can assist 
in making the correct diagnosis and treatment. 


METABOLIC DISORDERS 


Inborn errors of metabolism are complex and encompass many condi- 
tions. Table 31.27 is a partial list of inborn errors of metabolism that 
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(See Nelson Textbook of Pediatrics, p. 634.) 


TABLE 31.24 Toxidromes of Common Classes of Drug 


Drug Class Level of Consciousness Pupils Vital Signs 
Sympathomimetics Agitation; psychosis Dilated T HR; T BP; T T 
(amphetamines, cocaine, 
ephedrine, methylphenidate 
[Ritalin]) 
Anticholinergics Confusion; hallucinations Dilated T HR; T T; +T BP 
(antihistamines, 
scopolamine, atropine, 
jimson weed, nightshade, 
phenothiazines, tricyclics) 


Opiates Euphoria; coma Pinpoint tb pep il H asi ie 


Cholinergic syndrome Coma Miosis L or T HR; 4 or T BP 
(organophosphates; 
carbamates, bethanechol, 

Amanita mushrooms) 

Sedative-hypnotics (alcohol, + Miosis J RR (shallow); 
barbiturates, hypothermia; J BP 
benzodiazepines) 

Neuroleptics (phenothiazines, Miosis (except. HR; BP; 4 or TT 
butyrophenones) thioridazine 

[Mellaril]) 
Tricyclic antidepressants Confusion; agitation; coma Dilated T HR; J or J BP; TT: 
ARR 


Salicylates Disorientation; hyperexcitability; | eoi RR + depth 
coma (severe) 


Carbon monoxide Lethargy; coma 
Theophylline Agitation T HR; J BP; +7 RR; ETT 


Phencyclidine Delirium; combativeness; Miosis 
catatonia; coma 

SSRIs Drowsiness; agitation; delirium; Dilated or T HR, T T, 4 BP 
coma unreactive 


Other 
Tremors, sweating, arrhythmias; seizures 


Flushed; dry skin and mucous 
membranes; urinary retention; 
decreased bowel sounds 


Shallow respirations; dry mucous 
membranes 


Salivation, lacrimation, urination, 
defecation, bronchorrhea; muscle 
twitching before flaccidity; seizures 


Ataxia; nystagmus; slurred speech 


Dystonic reactions; ataxia; neuroleptic 
malignant syndrome; prolonged Q-T 
interval 

Quinidine-like effect: prolonged ORS or 
Q-T interval and ventricular 
arrhythmias; seizures; anticholinergic 
effects (see above) 

Vomiting; tinnitus; metabolic acidosis; 
hypokalemia 

Headache, nausea, flulike syndrome, 
dizziness, blurred vision 

Protracted vomiting; tremors, seizures, 
arrhythmias 

Rotary nystagmus; seizures 


Nausea, vomiting, tremor, rigidity, 
myoclonus, hyperreflexia, diaphoresis 


BP, blood pressure; HR, heart rate; RR, respiratory rate; SSRI, selective serotonin reuptake inhibitor; T, temperature. 


TABLE 31.25 Specific Toxins and Their Antidotes 


Toxin Antidote Toxin 
Acetaminophen N-Acetylcysteine lron 
Anticholinergics Physostigmine Lead 
Arsenic Dimercaprol 

Benzodiazepines Flumazenil Mercury 
B-Blockers Glucagon* Methanol 


Calcium channel blockers Calcium Narcotics 


Carbamate insecticides Atropine Nitrites 
Carbon monoxide Oxygen Organophosphates 


Cyanide Amyl nitrite or sodium nitrate plus Phenothiazines’ 
sodium thiosulfate salicylates 


Digitalis Digoxin-specific antibody fragments Tricyclic antidepressants 
Ethylene glycol Ethanol or fomepizole Warfarin 
Heparin Protamine 

*May reverse cardiac toxicity. 

"Usually requires saline infusion as well for bradyarrhythmias or conduction abnormalities. 


*Dystonic reactions only. 
EDTA, ethylenediaminetetraacetic acid. 


Antidote 

Deferoxamine 

EDTA; dimercaprol; dimercaptosuccinic 
acid; penicillamine 

Dimercaprol 

Ethanol or fomepizole 

Naloxone 

Methylene blue 

Atropine; pralidoxime 

Diphenhydramine or benztropine 

sodium bicarbonate 

sodium bicarbonate 

Vitamin K 
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TABLE 31.26 Indications for Extracorporeal Drug Removal 
Patient Related 

Severe intoxication refractory to medical management (e.g., refractory seizures) 

Impairment of normal excretion routes that may lead to prolonged intoxication 


Drug Related 
Ingestion and probable absorption of a potentially lethal dose determined after gut decontamination 


Documentation of a potentially lethal drug level 
Presence of a significant quantity of a compound that is metabolized to a toxic metabolite (e.g., methanol) 


*Patient- and drug-related criteria for extracorporeal drug removal. Only 1 criterion needs to be met. 


TABLE 31.27 Inborn Errors of Metabolism Manifesting with Seizures, Lethargy, and Coma in 
the Neonatal Period 


Disorders of 
Carbohydrate 
Metabolism 
Fructose-1 ,6- 
biphosphatase 
deficiency 
Galactosemia 
Hereditary fructose 
intolerance 
Glycogen storage 
disease, types | and Il 
Pyruvate carboxylase 
deficiency 
Phosphoenolpyruvate 
carboxykinase 
deficiency 


CoA, coenzyme A. 


Disorders of 
Amino Acid 
Metabolism 
Maple syrup urine 
disease 
Hypervalinemia 
Periodic hyperlysinemia 
Hyper-B-alaninemia 
Nonketotic 
hyperglycinemia 
Pyroglutamic aciduria 
Hyperornithinemia- 
hyperammonemia- 
homocitrullinuria 
(HHH) 


Organic Acidemias 
Methylmalonic acidemia 
Propionic acidemia (ketotic 
hyperglycinemia) 
lsovaleric acidemia 
3-Methylcrotonyl CoA 
carboxylase deficiency 
Multiple carboxylase deficiency 
Multiple acyl-CoA 
dehydrogenase deficiencies 
Hydroxymethylglutary| 
(HMG)—CoA lyase deficiency 
2-Methyl-3- 
hydroxybutyric acidemia 
D-Glyceric acidemia 


Urea Cycle 

Defects 

Carbamyl phosphate 
synthetase deficiency 

Ornithine 
transcarbamylase 
deficiency 

Citrullinemia 

Argininosuccinic 
aciduria 


Lysosomal 
Storage 
Disorders 
Farber disease 
Fucosidosis 


Other 

Congenital adrenal 
hyperplasia 

Hypophosphatasia 

Menkes kinky hair 
syndrome 

Hereditary orotic 
aciduria 

Fatty acyl-CoA 
dehydrogenase 
deficiencies 

Primary systemic 
carnitine deficiency 

Zellweger syndrome 

Neonatal 


adrenoleukodystrophy 


Modified from Burton BK. Inborn errors of metabolism: the clinical diagnosis in early infancy. Pediatrics.1987;79:359. 


TABLE 31.28 Clinical Manifestations 
of Inborn Errors of Metabolism in the 
Neonatal Period 


Lethargy 
Coma 
Seizures 


Increased or decreased muscle tone 


Poor suck and feeding 
Vomiting 
Diarrhea 


Tachypnea and/or hyperpnea 


Respiratory failure 
Jaundice 
Unusual odors 


Cardiomegaly 


Hepatomegaly 


may manifest in the neonate with lethargy, seizures, and coma. Many 
of these conditions relate to defective enzymes that lead to accumula- 
tion of a toxic product. Newborn screening has increased the number 
of infants diagnosed and effectively treated during the asymptomatic 
phase of a disease. The clinical manifestations of metabolic disease in 
the neonate can be nonspecific (Table 31.28). The infants are often 
thought to have sepsis and are evaluated and treated for presumptive 
infection. The presence of a documented infection does not preclude 
metabolic disease because some of these infants are prone to infection 
(e.g., galactosemia and Escherichia coli sepsis). A family history of a 
previous infant dying from an unexplained illness or other children in 
the family with neurologic disorders may provide clues to a metabolic 
cause. Laboratory abnormalities that may be seen in metabolic disease 
are listed in Table 31.29. 

Infants with urea cycle defects often manifest altered mental status, 
coma (recurrent), and emesis. They cannot metabolize waste nitrogen 
to urea; this leads to accumulation of ammonia in the blood. These 
disorders are inherited as autosomal recessive traits, except for orni- 
thine transcarbamylase deficiency, which is X-linked. The keys to the 
diagnosis of inborn errors of metabolism in the neonate are a high 
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TABLE 31.29 Laboratory Evidence of 
Metabolic Disease 


Acidosis,” alkalosis 
Hypoglycemia 
Hyperammonemia 
Elevated liver enzyme levels 
Direct hyperbilirubinemia 
Urine-reducing substance 
Urine ketones 
*High anion gap if increased organic acids (ketoacids, lactic acid) are 


produced. Normal anion gap if associated renal tubular acidosis (type 
| glycogen storage disease, galactosemia) is present. 


TABLE 31.30 Laboratory Evaluation of 
Suspected Metabolic Disease 


Plasma ammonia 

Arterial blood gas 

Plasma amino acids 

Plasma carnitine 

Plasma pyruvate and lactate 
Urinary amino acids 


Urinary organic acids and arylcarnitine profile 


Characteristics of 
Metabolic Encephalopathy 


TABLE 31.31 


Confusion, lethargy, delirium often precede or replace coma 
Motor signs, if present, usually symmetric 

Bilateral asterixis, myoclonus appear 

Pupillary reactions usually preserved; tonic calorics often present 
sensory abnormalities usually absent 

Hypothermia common 


Abnormal signs reflect incomplete brain dysfunction at multiple anatomic 
levels 


From Plum F. Neurology/sustained impairments of consciousness. In: 
Wyngaarden JB, Smith LH, Bennet JC, eds. Cecil Textbook of 
Medicine. 19th ed. Philadelphia: WB Saunders; 1992:2052. 


degree of suspicion, the appropriate screening studies (see Table 31.29), 
and if the results are positive, a more detailed laboratory evaluation 
under the guidance of a specialist in metabolic diseases (Table 31.30). 

Metabolic encephalopathy resulting from inborn errors of metabo- 
lism (partial, incomplete, stress, or fasting exacerbated) or from renal, 
hepatic, or toxic causes may also manifest in older children or adoles- 
cents. There may or may not be a family history or personal history of 
recurrent lethargy, emesis, repeated hospitalizations, or personality 
changes. Encephalopathy in older patients that results from endoge- 
nous substances (ammonia, organic acids, hypoglycemia, urea) or 
exogenous substances (opiates, barbiturates) may manifest within a 
wide range of symptoms (Table 31.31) and an electroencephalograph 
may be of added value. 


Delirium and coma are common and potentially serious manifesta- 
tions of a diverse group of life-threatening but potentially reversible 
disorders. Common causes vary by age, but toxic ingestion, trauma, 
seizures (postictal), infections, and metabolic disturbances, including 
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inborn errors of metabolism, must be considered. Red flags include 
family or personal histories compatible with these disorders, signs of 
increased intracranial pressure, and rapidly progressive rostral-caudal 
deterioration. 
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EYE AND VISUAL SYSTEM ANATOMY 


The anatomies of the eye and visual system are shown in Figs. 32.1 and 
32.2. The optic nerves, made up of the converging nerve fiber layer of 
the retina, have intraocular, intraorbital, intracanalicular, and intra- 
cranial portions. Partial decussation of the optic nerve fibers occurs in 
the chiasm, which gives binocular visual input to each side of the brain. 
The visual cortex is where the conscious process of seeing occurs. 


DEVELOPMENT OF THE EYE AND VISUAL SYSTEM 


The eyes and vision of a newborn are immature and require several 
years to reach adult proportions and functional status. By the 9th 
month of gestation, the retinal vessels have reached the periphery of 
the retina (an important factor in the pathogenesis of retinopathy of 
prematurity [ROP]), the optic nerve has completed myelination, and 
the pupillary membrane has disappeared. Postnatal reorganization of 
neuron-to-neuron connections in the visual cortex improve the poor 
visual acuity and other visual processes, which are not fully developed 
at birth. The visual acuity of the newborn has been estimated to be 
20/400-20/600 and may reach the normal 20/20 level as early as 6-12 
months of age as tested with visual evoked cortical responses. Acuity 
of 20/20 is not reached with other types of testing such as preferential 
looking with Teller acuity cards until ages 3-5 years. Visual acuity 
measured with conventional letter or symbol recognition methods 
does not reach 20/20 until 6 years of age because of cognitive factors. 
Binocular vision, including establishment of normal ocular alignment 
and depth perception, and improved facility of accommodation, the 
ability to focus on images at different distances, develop rapidly in the 
Ist year of life. The rapid maturation of visual function in the 1st year 
of life accounts for the critical period of visual development and the 
extreme sensitivity of the visual system to abnormal visual input from 
strabismus or cataracts. Children deprived of vision in this critical 
period will have limited visual potential and may develop nystagmus 
(abnormal eye movements). 

The majority of newborns are moderately hyperopic. Heredity con- 
tributes to the refractive status of the eyes and the environment and 
visual experience also plays a role. 


AMBLYOPIA AND VISION SCREENING 


Amblyopia is defined as a unilateral or, less commonly, bilateral reduc- 
tion in visual acuity that cannot be immediately corrected with glasses 
or surgery. In children in whom visual acuity can be accurately mea- 
sured, a practical definition of amblyopia is a 2-line or greater differ- 
ence between the best-corrected visual acuity of the eyes. For preverbal 
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children, differences between the eyes in fixation and following behav- 
ior or fixation preference are used to diagnose amblyopia. Automated 
photoscreeners can aid in the diagnosis of risk factors for amblyopia 
and strabismus, particularly in preverbal children who perform poorly 
on subjective testing. Amblyopia results from abnormal visual experi- 
ence early in life during the critical period for visual development. The 
sensitive period for amblyopia starts in early infancy and continues to 
at least the age of 6 years and often beyond the age of 8 years. There is 
a suggestion of cortical plasticity in adults that may allow for some 
vision improvement into adulthood. The prevalence of amblyopia in 
the North American population is 2-4%. 

Unilateral amblyopia results from 3 types of abnormal visual expe- 
rience: strabismus, anisometropia (unequal refractive errors), and 
monocular visual deprivation (e.g., cataract, corneal opacity, heman- 
gioma (severe ptosis). Bilateral amblyopia results from bilateral media 
opacities or significant bilateral refractive errors (ametropia). Nearly 
all amblyopia is reversible if discovered at an early age and treated 
appropriately. Treatment effectiveness, however, declines after the age 
of 5 years. 

Detection strategies for amblyopia can involve early recognition of 
factors that give rise to amblyopia or actual measurement of reduced 
visual acuity that may be caused by amblyopia. Most amblyopia risk 
factors can be detected through routine pediatric screening such as 
ocular history, red reflex evaluation, ocular motility, and vision assess- 
ment. Recommended screening and referral guidelines are shown in 
Table 32.1. Whenever possible, a line of symbols or isolated symbols 
with surrounding crowding bars is recommended for screening (Fig. 
32.3). Isolated symbols can lead to overestimates of the visual acuity 
of an eye with amblyopia due to a crowding phenomenon or contour 
interaction in which symbols of a given size are more difficult to rec- 
ognize if they are surrounded by similar symbols. Hence, visual acuity 
obtained with single optotypes without crowding bars can result in 
failure to detect amblyopia. 

The treatment of amblyopia involves eliminating amblyopia risk 
factors, providing a focused retinal image with appropriate optical 
correction, and forcing use of the amblyopic eye through occlusion of 
the sound eye or blurring the image it receives. For patients with visual 
deprivation amblyopia, the depriving factor must be addressed medi- 
cally or surgically. Optical correction including a bifocal is required for 
patients who have had cataract surgery. Intraocular implants are not 
generally placed in children under 1 year of age due to the high post- 
operative complication rates. For patients with anisometropic amblyo- 
pia, optical correction usually involves spectacles or, less commonly, 
contact lenses. 

An adhesive patch worn over the sound eye most commonly 
achieves enforced use of the amblyopic eye. Occlusive devices can be 
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FIGURE 32.1 Anatomy of the eye as seen in cross section. (Modified 
from Reilly BM. Practical Strategies in Outpatient Medicine. 2nd ed. 
Philadelphia: WB Saunders; 1991:36.) 


attached to glasses but may be less reliable since the child can peek over 
the glasses or around the occlusive device. The use of the potent cyclo- 
plegic agent atropine sulfate may also be used to encourage use of the 
amblyopic eye. A drop of atropine is applied to the sound eye each day; 
this temporarily impairs its accommodative ability and, in the presence 
of sufficient hyperopia, prevents that eye from obtaining a clear retinal 
image. Atropine “penalization” for amblyopia works best in hyperopic 
patients with mild to moderate amblyopia (visual acuity of 20/100 or 
better). Close follow-up of patients being treated for amblyopia is 
important for monitoring compliance with treatment and for prevent- 
ing the development of iatrogenic reverse amblyopia in the sound eye 
from excessive occlusion or penalization. 


VISUAL FIELDS 


Quantitative testing of the visual field of most children is difficult 
before the age of 10 years (see Fig. 32.2). Confrontation field tests can 
be performed to detect gross abnormalities of the visual field (hemi- 
anopsias) but even these are not reliable and need to be confirmed at 
an older age. Visual field defects in children are uncommon despite 
parental concerns about a child who seems to bump into objects fre- 
quently. Unilateral retinal or optic nerve disease can produce unilateral 
visual field defects, but these are almost always associated with reduced 
visual acuity in the involved eye. Bilateral visual field defects, particu- 
larly if symmetric (homonymous), indicate disease of the optic radia- 
tions or visual cortex. Visual acuity may be entirely normal. Causes of 
bilateral visual field defects in children include cerebrovascular acci- 
dents, pituitary or hypothalamic tumors, or congenital central nervous 
system (CNS) abnormalities. 


STRABISMUS 


Strabismus is derived from the Greek word strabismos, “to squint to 
look obliquely or askance.” It implies misalignment of the eyes in such 
a way that they are not simultaneously viewing the same object. Terms 
to describe eye alignment and movement are noted in Table 32.2. 
Strabismus can be constant or intermittent and can be the same in all 
directions of gaze (comitant) or greater in 1 direction of gaze than in 
others (incomitant). Furthermore, it can be categorized as congenital 
or acquired, monocular or alternating. The direction of misalignment 
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FIGURE 32.2 Anatomy of the visual pathways. The anatomy of the 
visual pathways appears at the top of the figure, the pink shading indi- 
cating how visual information from the left visual space eventually 
courses to the right brain. Visual field defects are at the bottom of the 
figure. Anterior defects (labeled 7 from disease of the optic nerve or 
retina) characteristically affect 1 eye and cause defects (red shading) 
that may cross the vertical meridian (i.e., the vertical meridian is the 
vertical line bisecting each visual field). Chiasmal defects (labeled 2) and 
postchiasmal defects (labeled 3 for a lesion in the anterior temporal 
lobe, 4 for the parietal lobe, and 5 for the occipital cortex) characteristi- 
cally affect both eyes and respect the vertical meridian. (Modified from 
McGee S. Evidence-Based Physical Diagnosis. 3rd ed. Philadelphia: 
Elsevier; 2012:514.) 


TABLE 32.1 


Age Tests 


Newborn to 12 mo Ocular history 

Vision assessment 

External inspection of the eyes and lids 
Ocular motility assessment 

Pupil examination 


Red reflex examination 


12-36 mo Ocular history 

Vision assessment 

External inspection of the eyes and lids 
Ocular motility assessment 

Pupil examination 

Red reflex examination 


Visual acuity testing 


Objective screening device “photoscreening” 


Ophthalmoscopy 


36 mo to 5 yr Ocular History 

Vision assessment 

External inspection of the eyes and lids 
Ocular motility assessment 

Pupil examination 


Red reflex examination 
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Vision Screening Recommendations 


Referral Criteria Comments 


Refer infants who do not track well after 3 mo of age. 
Refer infants with an abnormal red reflex or history of 
retinoblastoma in a parent or sibling. 


Refer infants with strabismus. 
Refer infants with chronic tearing or discharge. 
Refer children who fail photoscreening. 


Visual acuity thresholds 

Ages 36-47 mo: Must correctly identify the majority of the optotypes 
on the 20/50 line to pass. 

Ages 48-59 mo: Must correctly identify the majority of the optotypes 
on the 20/40 line to pass. 

Refer children who fail photoscreening. 


Visual acuity testing (preferred) or photoscreening 


Ophthalmoscopy 
5 yr and older* 
“Repeat screening every 
1-2 yr after the age of 5 yr 


Ocular history 

Vision assessment 

External inspection of the eyes and lids 
Ocular motility assessment 

Pupil examination 

Red reflex examination 

Visual acuity testing 

Ophthalmoscopy 


Refer children who cannot read at least 20/30 with either eye. Must 
be able to identify the majority of the optotypes on the 20/30 line. 
Refer children not reading at grade level. 


From American Academy of Pediatric Ophthalmology and Strabismus techniques for Pediatric Vision Screening. May, 2014. 
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FIGURE 32.3 The Lea symbols in chart format (middle) and the Lea 
symbols and HOTV tests with crowding bars (right and left). All tests 
should be administered at a distance of 10 feet. 


can be vertical or horizontal. Vertical strabismus is referred to as a 
hypertropia of the higher eye. Horizontal strabismus can be convergent 
(esotropia) or divergent (exotropia). The importance of strabismus 
detection derives primarily from the fact that it is the leading cause of 
amblyopia. Other reasons for detecting strabismus are the possibility 
of being able to restore normal binocular use of the eyes, improving 


depth perception, and minimizing the social and economic drawbacks 
to strabismus in society. 

Strabismus detection can be simple, as in patients with a large angle 
of deviation (Fig. 32.4), or difficult, as in patients with more subtle 
deviations or no deviation at all (pseudostrabismus) (Fig. 32.5). Evalu- 
ation of the symmetry of the corneal light reflexes from a penlight 
directed at the eyes can reliably detect many cases (see Fig. 32.4). With 
smaller angles of strabismus or when the results of the corneal light 
reflex are in doubt, the cover test should be performed (Fig. 32.6). It 
is important to provide attractive fixation targets for the child to view 
during the test. 

Infantile esotropia is defined as convergent strabismus with onset 
within the 1st 6 months of life (see Fig. 32.4). Transient crossing or 
divergence of the eyes is common in newborns and is probably not 
significant unless it persists beyond 3 months of age. In the classic form 
of infantile esotropia, there is a large-angle, constant deviation. The 
child may alternate fixation (cross fixate) in which case the visual 
acuity is usually good in both eyes. Cross fixation may mimic bilateral 
6th nerve palsy. If the crossing is present in only 1 eye, amblyopia 
occurs. The cause of infantile esotropia is not known, but hereditary 
factors play a definite role. The incidence of infantile esotropia is less 
than 1% among neurologically normal infants. 

Early correction of infantile esotropia may result in full or nearly 
full restoration of normal binocular function, a result not believed to 
be obtainable with correction of misalignment at older ages. The ideal 
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TABLE 32.2 Description of Alignment 
and Movement 


Normal Ocular Alignment: Orthophoria 


Latency 

-phoria: development of abnormality only during certain conditions (fatigue, 
illness, cover test) 

-tropia: abnormality present during normal conditions; deviation may be 
constant or intermittent 


Direction of Deviation 

Eso-: inward, horizontal deviation (“crossing”) 

Exo-: outward, horizontal deviation (“wall eye”) 

Hyper-: upward, vertical deviation 

Hypo-: downward, vertical deviation 

Incyclo-: nasal torsional deviation of the superior pole of the cornea 
Excyclo-: temporal torsional deviation of the superior pole of the cornea 


Equality of Deviation 
Concomitant: misalignment is equal in all positions of gaze 
Noncomitant: misalignment varies significantly in different positions of gaze 


Neuromuscular Dysfunction 

Paralytic: misalignment secondary to a cranial nerve palsy, muscle 
weakness, or mechanical restriction (usually noncomitant) 

Non-paralytic: no underlying neuromuscular dysfunction; usually 
concomitant but can be noncomitant 


Tandem Movements of Both Eyes 

-version: both eyes move in same direction (conjugate); direction of 
movement: leve- (left); dextro- (right); supra- (up); infra- (down) 

-vergence: eyes move in opposite directions (disconjugate); convergence 
(inward movement), divergence (outward movement) 


FIGURE 32.4 Corneal light reflex test reveals an asymmetrically 
placed reflex that is laterally displaced in the right eye. This indicates 
an inward deviation of the eye (esotropia). (From Lavrich JB, Nelson 
LB. Diagnosis and treatment of strabismus disorders. Pediatr Clin North 
Am. 1993;40:739.) 


timing of surgery for infantile esotropia is not known, although usually 
done between 6 and 24 months to optimize binocularity. However 
when early surgery is done, there is a higher chance of needing further 
surgery. Early detection and prompt referral of infants with suspected 
esotropia are indicated. 

A second category of esotropia occurs in children whose eyes are 
initially straight but start to cross, usually intermittently at first, at 1-3 


FIGURE 32.5 A child with pseudoesotropia. Note that the wide nasal 
bridge and prominent epicanthal folds create the illusion of an esotropia. 
The corneal light reflexes are centered in each eye; therefore, the eyes 
are straight. (From Lavrich JB, Nelson LB. Diagnosis and treatment of 
strabismus disorders. Pediatr Clin North Am. 1993;40:741.) 


years of age. These children have excessive hyperopia and an abnormal 
relationship between accommodation and convergence. This type of 
esotropia is called accommodative esotropia. Amblyopia frequently 
develops. Treatment consists of correcting amblyopia and providing 
spectacles to correct hyperopia, thereby modulating the amount of 
accommodation required by the child (Fig. 32.7). Bifocal spectacles 
may also be necessary for some forms of accommodative esotropia. 

Esotropia caused by paralysis of a lateral rectus muscle, a 6th cranial 
nerve palsy, occurs much more frequently in children than in infancy 
(Fig. 32.8). Approximately 30% of children will have an intracranial 
lesion. Other causes include head trauma or a recent viral illness. The 
6th nerve palsy may resolve spontaneously if the cause is benign. An 
older child may present with complaints of diplopia or a face turn or 
closure of 1 eye to avoid diplopia, whereas a younger child may present 
with only the esotropia because of rapid development of suppression 
to eliminate diplopia. Neurologic investigation is indicated if the 
history does not support a benign etiology or the paralysis does not 
spontaneously abate in a few weeks (a so-called benign 6th nerve palsy 
believed to be postviral in origin) or if the child demonstrates other 
neurologic impairment or has papilledema. 

Infantile exotropia is much less common than infantile esotropia. 
Infantile exotropia presents as a large deviation of the eyes prior to 6 
months of age. Infantile exotropia is uncommon in otherwise healthy 
infants. It is, however, commonly associated with craniofacial disorders 
or neurologic impairment. Surgery may be done early in life, but these 
patients are less likely to obtain good binocular vision than infantile 
esotropes. 

Intermittent exotropia is the most common type of exotropia. This 
usually manifests by 5 years of age. Parents will notice that the eyes 
deviate out at times and yet not at others. The deviation is most likely 
to occur when the child is tired or ill. Because the child maintains the 
ability to keep the eyes aligned part of the time, amblyopia is uncom- 
mon. Diplopia is prevented by active cortical suppression of input 
from the portion of the retina of the deviated eye that overlaps the 
central view of the fixating eye. When the eyes are straight, the child 
generally maintains normal binocular function, including stereopsis. 
The clinical management of intermittent exotropia is not clear. Treat- 
ment options include part-time patching, additional minus power 
spectacles in patients with myopia, orthoptic exercises, and surgery. 

Primary vertical strabismus is far less common than horizontal 
strabismus. A small vertical deviation in association with a larger 
amount of horizontal strabismus, however, is common, and is managed 
in conjunction with the horizontal deviation. A common cause of 
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FIGURE 32.6 The cover test. In each instance, the occluder is placed over the right eye while the patient 
is viewing a fixation target and the examiner is watching for movement of the patient's left eye. If the left 
eye is not aligned, it will need to move to look at the fixation target. If there is no movement of the left eye, 
the test needs to be repeated by occluding the left eye and watching for movement of the right eye. 
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FIGURE 32.7 Accommodative esotropia (top). The deviation is com- FIGURE 32.8 Left 6th cranial nerve palsy in a 4-year-old. A large mani- 


pletely controlled with glasses at both distant (middle) and near (bottom) fest esotropia is present when the child looks straight ahead (top). The 
fixation distances. left eye does not abduct beyond the midline in gaze to the left (middle). 


Gaze to the right is normal (bottom). 
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hypertropia in children is congenital paralysis of the superior oblique 
muscle, a 4th cranial nerve paralysis. In some children, the “paralysis” 
is actually caused by an anatomic abnormality of the superior oblique 
tendon. Acquired causes of a superior oblique palsy include trauma, 
central nervous system abnormalities, or brain tumors. Children with 
a superior oblique paralysis of any cause frequently present with a 
head tilt and face turn toward the side opposite the paralyzed superior 
oblique muscle. If there is a question as to the timing of the onset of 
the superior oblique palsy, a review of pictures at a younger age may 
be helpful in determining chronicity. Superior oblique paralysis is 1 
of the more common causes of ocular torticollis. An eye muscle dis- 
order needs to be ruled out in any child with a chronic abnormality 
of head position. The anomalous head position and hypertropia 
caused by a superior oblique paralysis can be improved by eye muscle 
surgery in most instances. An approach to the evaluation of strabismus 
is noted in Fig. 32.9 and less common forms of strabismus are listed 
in Table 32.3. 


REFRACTIVE ERRORS 


Refractive errors include myopia (nearsightedness), hyperopia (far- 
sightedness), and astigmatism. Refractive errors may be similar (iso- 
metropia) or different (anisometropia) between the 2 eyes. Bilateral 
amblyopia may result from a high refractive error that is isometropic. 
Full-time spectacle correction will often correct bilateral amblyopia. 
Unilateral amblyopia may result from anisometropia. Patching or atro- 
pine penalization may be necessary in these children. 


Myopia 
In patients with myopia, the parallel rays of light in the resting (nonac- 
commodating) eye are focused in front of the retina. The symptoms 


of myopia are squinting, holding or viewing an object more closely 
than normal, and complaining of blurred far vision. 

The incidence and degree of myopia increase with age, especially 
during growth spurts, as in adolescence. There is a complex interaction 
between genetic and environmental factors in the development of 
myopia. The incidence of myopia varies with ethnicity and geographic 
regions and has been increasing in prevalence over the past 50 years. 
There have been several genetic markers linked to myopia but the 
increasing frequency among younger generations suggests environ- 
ment plays an important role. The increase in prevalence from 10-90% 
in some populations is a public health concern, particularly with high 
myopia. Myopia can be associated with increased risk of retinal detach- 
ment, early cataract, and glaucoma. In very high myopia there can be 
thinning of the retina and retinal degeneration. This can result in 
decreased vision even with spectacle or contact lens correction. 

Myopia may be associated with other ocular abnormalities, such 
as keratoconus (central conical protrusion of the cornea), cataracts, 
ectopia lentis (dislocated lens), spherophakia (overly spherical lens), 
glaucoma, and medullated (myelinated) nerve fibers. There is an 
increased prevalence of myopia in premature infants, especially with 
ROP. Children with high degrees of myopia may have an underlying 
systemic association, such as Marfan, Stickler, Noonan, or Down 
syndromes. If myopia is sufficient to produce visual symptoms, 
spherical concave (minus) lenses in the form of spectacles or contact 
lenses are prescribed to correct the refractive error. Prescription 
changes may be needed every 1-2 years and more often during growth 
spurts. 


Hyperopia 
In patients with hyperopia (farsightedness), parallel rays of light in 
the nonaccommodating eye would, if possible, be focused behind the 
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FIGURE 32.9 Evaluation of strabismus. CNS, central nervous system. 
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TABLE 32.3 Less Common Forms of Strabismus 


Type of Strabismus Presenting Symptoms and Signs 


Duane syndrome Esotropia with deficient abduction or 
exotropia with deficient adduction of 1 


eye; head turn 


Dissociated vertical deviation One eye turns up intermittently, especially 


with fatigue 
Brown syndrome Head tilt; inability to elevate eye in 
adduction 
Masklike facies; inability to abduct both 
eyes; difficulty closing eyes 


Möbius syndrome 

Congenital fibrosis syndrome Chin-up head position; inability to elevate 
eyes; ptosis 

3rd nerve palsy Exotropia and hypertropia; ptosis; dilated, 
nonreactive pupil 

Double elevator palsy 


Chin-up head posture; inability to elevate 
1 eye 


Orbital floor fracture Vertical diplopia; chin-up head position 


Myasthenia Variable ptosis and eye movement 


Cause 


Absence of 6th nerve nucleus and 
aberrant innervation of lateral 
rectus muscle from 3rd cranial nerve 

Eye movement abnormality related 
most commonly to congenital 
esotropia 

Restriction of free passage of superior 
oblique tendon through trochlea 


Bilateral 6th and 7th nerve palsies 


Autosomal dominant gene on 
chromosome 16 in some patients; 
Superior division of 3rd nerve in others 


Congenital absence of 3rd nerve; 
trauma; or tumor 


Paresis of superior rectus muscle 


Entrapment of orbital tissues in 
fracture 


Blockage of acetylcholine receptor 


Treatment 


Strabismus surgery for correction of 
large deviations or abnormal head 
position 

Eye muscle surgery on superior rectus 
and inferior oblique muscles 


Observation if not severe; superior 
oblique tendon surgery if severe 


Protect corneas from exposure; 
Strabismus surgery 


Surgical release of tight extraocular 
muscles 

Ptosis and strabismus surgery 

Transposition strabismus surgery 

Repair of floor fracture; release of 


inferior rectus muscle restriction 
Treatment of systematic myasthenia; 


abnormalities sites by immune complexes strabismus surgery if patient is stable 


retina. The process of accommodation (focusing), which alters the 
shape of the lens, can compensate for some degrees of hyperopia. 
Because most children have a tremendous range of accommodation, 
mildly hyperopic children can see clearly without any visual symptoms. 
Moderate to severely hyperopic children may be unable to fully com- 
pensate through accommodation. The greater accommodative effort 
may lead to symptoms of “eyestrain,” which consist of headaches, 
fatigue, or eye rubbing. These symptoms may lead to a lack of interest 
in reading or in prolonged close work. Some children may also develop 
accommodative esotropia. Some children have a decreased ability to 
accommodate, or accommodative insufficiency, and are symptomatic 
even with low degrees of hyperopia. If hyperopia produces symptoms 
or causes esotropia, spherical convex (plus) lenses usually in the form 
of glasses are prescribed to correct the refractive error. 


Astigmatism 


In the patient with astigmatism, the refractive power differs in various 
meridians of the eye. In most cases, astigmatism is caused by abnormal 
curvature of the cornea; in rare cases, lens abnormalities may cause 
astigmatism. Infants and children with corneal distortion secondary to 
scarring (trauma or infection) or to external compression (ptosis or 
hemangioma of eyelid) are at an increased risk for astigmatism. Mod- 
erate levels of astigmatism may produce blurring of vision (far and 
near), leading to squinting, fatigue, headaches, and lack of interest in 
close-up work in older children and amblyopia in younger children. 
Cylindric or spherocylindric lenses (usually glasses) are used to 
improve vision and comfort. 


Anisometropia 


In patients with anisometropia, the refractive error of 1 eye differs 
significantly from that of the other eye. The difference in refraction 
can be spherical (hyperopia or myopia) or cylindric (unequal amounts 
of astigmatism). Mild degrees of anisometropia usually cause no 
visual symptoms and do not lead to amblyopia. Amblyopia develops 


with higher degrees of anisometropia because the child uses the less 
ametropic eye and suppresses vision in the other. Strabismus fre- 
quently coexists with anisometropia, and both conditions may be 
involved in the pathophysiologic mechanisms of amblyopia. Aniso- 
metropia may initially be detected by comparison of the red reflex 
between the 2 eyes (Briickner test). The affected eye has the duller 
red reflex. Early detection and treatment of anisometropia are essential 
for the development of optimal visual function. 


VISION IMPAIRMENT IN CHILDREN 


Vision impairment is formally defined as best-corrected visual acuity 
of 20/70 or worse in both eyes. Impairment of vision exists as a con- 
tinuum from 20/70 to no light perception. Unrestricted driver’s license 
has a requirement of best-corrected vision of 20/40 or better in 1 eye 
in all but 3 states (New Jersey and Wyoming have a requirement of 
20/50 best-corrected vision in 1 eye and Georgia has a requirement of 
20/60 best-corrected or better in 1 eye). Legal blindness is said to be 
present when best-corrected visual acuity is 20/200 or less in each eye. 
Constricted visual fields may also play a role in the diagnosis of vision 
impairment or legal blindness. An infant or child whose visual acuity 
and visual field cannot be quantitated may be judged visually impaired 
on the basis of inability to fixate on and follow movement of the 
examiner's face or other objects or even, in severe instances, inability 
to perceive light. Milder vision impairment may be suspected on the 
basis of associated eye signs but can be difficult to confirm in a pre- 
verbal child because of compensatory behavior (holding objects close, 
a face turn) that allows the child to have relatively normal overall func- 
tion and development. Observation of the child’s behavior in the 
examination room, examination of the eyes (‘Table 32.4), and a detailed 
history (Table 32.5) taken from the parents about the child’s visual 
behavior at home can be important in establishing the degree of 
impairment. Many visually impaired infants and children have objec- 
tive signs such as nystagmus, sluggish pupillary light reflexes, or 
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TABLE 32.4 Red Flags in Inspection 
and Direct Ophthalmoscopy in 
Evaluating Visual Impairment 


Physical Findings Possible Pathologic Process 


Inspection 
Globe 
Small High hyperopia, persistent hyperplastic primary 
vitreous, phthisis bulbi (shrinkage related to 
deteriorating eye disease) 


Large Glaucoma, high myopia 


Red eye Inflammatory disease (infection, uveitis), 
trauma, tumor, glaucoma 


Protrusion Retrobulbar or orbital infection/tumor, 
hyperthyroidism 

Sunken Orbital fracture, Horner syndrome, atrophy, 
microphthalmia 


Misalignment Impairment of extraocular muscles: congenital 
weakness, muscle entrapment (tumor/ 
trauma), cranial nerve palsy (infection, tumor, 
stroke, congenital) 


Ophthalmoscopy 

Cloudy cornea Anterior segment dysgenesis (Peter anomaly), 
glaucoma, trauma, infection, metabolic 
storage diseases (mucopolysaccharidoses) 


Lens 
Cloudy Cataracts (congenital vs systemic diseases) 


Dislocated Homocystinuria, Marfan syndrome 


Cloudy vitreous Retinoblastoma, detached retina, 
endophthalmitis, uveitis, hemorrhage 


Optic disk 
Pale Optic atrophy (congenital, trauma, tumor, 


hydrocephalus, degenerative neurologic 
disease) 

swollen Increased intracranial pressure, optic neuritis 

Hemorrhage Optic neuritis, increased intracranial pressure 

Retina/choroid 

Abnormal color Retinitis pigmentosa (spicule pattern), 
chorioretinitis (atrophy with 
hyperpigmentation), Tay-Sachs disease 
(cherry-red macula) 


Exudates Diabetes mellitus, Coats disease, increased 
intracranial pressure 


Hemorrhage Hypertension, diabetes mellitus, increased 
intracranial pressure, trauma, blood disorders 


Phakomata Tuberous sclerosis (yellow plaques, nodules), 
von Hippel—Lindau disease (reddish globular 
mass), Sturge-Weber syndrome (choroidal 
hemangioma), neurofibromatosis (yellow 
plaques) 

Blood vessels 
Constricted Hypertension 


Microaneurysm Diabetes mellitus 


TABLE 32.5 Red Flags in History for 
Visual Impairment 


Manifestation Possible Pathologic Process 
Child’s Complaint 

Generalized blurred vision 

Far vision only Myopia 

Near vision only Hyperopia, disorder of accommodation 
Both far and near Astigmatism or defect of visual pathways 
Focal blurred vision (veil, 


shadow) 
Unilateral Ipsilateral retinal or optic nerve 


Bilateral Chiasmal, postchiasmal, or bilateral 
prechiasmal lesion 


Ghost/double vision 
With binocular vision Cranial nerve or extraocular muscle 


With monocular vision Ocular media or macular disease 


Changes in special visions 
Poorer color vision Retinal or optic nerve disease 


Poorer night vision Retinal disease (retinitis pigmentosa) 
Visual sensations 
Floaters, spots Uveitis, retinal detachment, or 
hemorrhage 


shimmering lines or Migraines 
scotoma 


Visual hallucinations Cerebral lesion, psychogenic 


Parents’ Observations 
Age-appropriate infant does Severe ocular (myopia, cataracts) or 
not track systemic (meningitis) pathologic 
process 


Objects viewed too closely Decreased visual acuity related to 
refractive error; ocular or neurologic 
disorder 


squinting Decreased visual acuity related to 
refractive error; ocular or neurologic 
disorder 

Roving or wandering eyes Nystagmus or strabismus; rule out ocular 
or neurologic disorder 

Head tilting Compensatory posturing for nystagmus, 
strabismus, astigmatism, or visual field 
defect 

Bumping into objects Visual field defect, decreased visual 
acuity 

Reading problems Visual impairment, visual processing 
disorder 


anatomic abnormalities such as optic nerve hypoplasia or chorioretinal 
scarring. 

Visual inattentiveness in an infant deserves special attention because 
of the possibility that the child has a treatable but not obvious form 
of vision impairment such as bilateral congenital cataracts. Even if the 
cause of impairment is not remediable, early diagnosis is important 
for referral of the infant for physical and occupational therapy for 
visual impairment since these children have very specific needs. Vision 
impairment (monocular or binocular) acquired after infancy obligates 
the physician to search for a cause such as a retinal degeneration 
because some causes are treatable (Tables 32.6 to 32.8). 


TABLE 32.6 Childhood Amaurosis 
(Blindness): Principal Neurologic 
Considerations 


Congenital Malformations 

Optic nerve hypoplasia 

Congenital hydrocephalus 
Hydranencephaly 

Porencephaly 

Microencephaly 

Encephalocele, particularly occipital type 


Phakomatoses 

Tuberous sclerosis 

Neurofibromatosis (special association with optic glioma) 
Sturge-Weber syndrome 

von Hippel—Lindau disease 


Tumors 

Retinoblastoma 

Optic glioma 

Perioptic meningioma 

Craniopharyngioma 

Cerebral glioma 

Posterior and intraventricular tumors when complicated by hydrocephalus 


Neurodegenerative Diseases 

Cerebral storage disease 

Gangliosidoses, particularly Tay-Sachs disease (infantile amaurotic familial 
idiocy), Sandhoff variant, generalized gangliosidosis 

Other lipidoses and ceroid lipofuscinoses, particularly the late-onset 
amaurotic familial idiocies such as those of Jansky—Bielschowsky and of 
Batten—Mayou—Spielmeyer—Vogt 

Mucopolysaccharidoses, particularly Hurler syndrome and Hunter syndrome 

Leukodystrophies (dysmyelination disorders), particularly metachromatic 
leukodystrophy and Canavan disease 

Demyelinating sclerosis (myelinoclastic diseases), especially Schilder 
disease and Devic neuromyelitis optica 

special types: Dawson disease, Leigh disease, Bassen—Kornzweig 
syndrome, Refsum disease 

Retinal degenerations: “retinitis pigmentosa” and its variants, and Leber 
congenital type 

Optic atrophies: congenital autosomal recessive type, infantile and 
congenital autosomal dominant types, 

Leber disease, and atrophies associated with hereditary ataxias: the types 
of Behr, of Marie, and of Sanger—Brown 


Infectious Processes 

Encephalitis, especially in the prenatal infection syndromes due to 
Toxoplasma gondii, cytomegalovirus, rubella virus, Treponema pallidum 

Meningitis; arachnoiditis 

Optic neuritis 

Chorioretinitis 


Hematologic Disorders 
Leukemia with central nervous system involvement 


Vascular and Circulatory Disorders 

Collagen vascular diseases 

Arteriovenous malformations: intracerebral hemorrhage, subarachnoid 
hemorrhage 


Trauma 

Contusion or avulsion of optic nerves or chiasm 
Cerebral contusion or laceration 

Intracerebral, subarachnoid, or subdural hemorrhage 


Drugs and Toxins 


CHAPTER 32 Eye Disorders 


RETINOPATHY OF PREMATURITY 


Premature infants are at risk for the development of ROP because the 
retinal vessels have not yet grown out to the periphery of the retina 
and are susceptible to a variety of postnatal influences, including 
oxygen that can adversely affect retinal vessel maturation. In advanced 
stages of ROP, retinal neovascularization and fibrosis may lead to trac- 
tion on the retina and result in a retinal detachment, the most common 
cause of blindness in premature infants. In most cases fortunately, ROP 
spontaneously resolves. 

The international classification system for the acute stages of ROP 
describes the location, extent, and stage of the disease according to the 
position of the advancing wave of retinal vessels (Fig. 32.10). The retina 
is divided into zones I, II, and III. Zone I is centered on the optic nerve, 
from which the retinal arterioles emerge, and zone III exists as a cres- 
cent of retina on the temporal side; zone II occupies the midportion 
of the retina in all 4 quadrants. The severity is indicated by stages 1-5 
with stage 1 representing mild ROP and stage 5 representing a total 
retinal detachment. 

The management of ROP begins with a systematic program of 
eye examinations at well-defined times in infants judged to be at 
risk for developing ROP. The frequency of examinations is dependent 
on the findings and progression of the disease. Infants with a birth 
weight of less than 1500 g are lst examined 4-6 weeks after birth. 
Follow-up examinations are performed at regular intervals until the 
retina is fully vascularized. If treatment is required laser ablation 
of immature retina or intravitreal injections of anti-vascular endo- 
thelial growth factor (VEGF) medication such as bevacizumab are 
options. The choice of treatment depends on the zone and the rate 
of progression of disease. Insulin-like growth factor (IGF)-1 supple- 
mentation or alterations may be a means to prevent ROP in the 
future. 


LEUKOCORIA AND RETINOBLASTOMA 


Leukocoria or “white pupil” is a sign, not a specific disease (‘Table 
32.9). True leukocoria mandates prompt referral to an ophthalmologist 
as the causes may threaten either vision and/or life. Retinoblastoma 
is the most feared cause of leukocoria because of its potential to metas- 
tasize and cause death. It is the most common malignant ocular tumor 
of childhood, with an incidence of about 1/15,000. Leukocoria, the 
most common presenting sign, is caused by light reflection from the 
tumor’s white surface (Fig. 32.11) as opposed to the usual red reflex 
from the retina. Approximately 25% present with strabismus. Less 
common presentations include periocular inflammation, glaucoma, 
and proptosis. Imaging is helpful to evaluate for calcifications that 
occur in retinoblastoma and to help confirm the diagnosis as well as 
to evaluate for pinealoblastoma and extension of the tumor into the 
orbit. Magnetic Resonance Imaging (MRI) should be done since com- 
puted tomography (CT) scan poses concern for radiation exposure 
and the development of secondary cancers for which patients with 
retinoblastoma are at increased risk. Referral of a patient with sus- 
pected retinoblastoma to an ophthalmologist experienced in its diag- 
nosis and management is critical. Genetic counseling is indicated, as 
is examination of parents and siblings. In about 1% of cases a parent 
will have a regressed retinoblastoma or retinocytoma. Treatment 
options include ophthalmic artery chemosurgery, laser photocoagula- 
tion, cryotherapy, intravitreal chemotherapy, systemic chemotherapy, 
and enulcleation depending on laterality, location, extent of tumor, 
and vision potential. There is concerted effort to save the globes 
through advances in therapies. 
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TABLE 32.7 Causes of Monocular Visual Loss 


Disorder Timing Pattern of Loss 
Refractive error Gradual* Varies 
Cataract Very gradual Tunnel? 
Corneal disease Acute or chronic Murky 
Iritis Acute or chronic Murky 
Open-angle glaucoma Gradual Varies 
Angle-closure glaucoma Acute Varies 
Central retinal occlusion Acute Varied 
Retinal detachment Acute Varies 
Vitreous hemorrhage Acute “Dark” 
Amaurosis fugax Acute 5-10 min 
Transient 
Migraine Acute 5-30 min 
Transient 


Optic neuropathy Gradual or acute Central scotoma 


Diffuse retinopathy Gradual Varies 
Papilledema (chronic) Late Varies 
Endophthalmitis Varies Varies 


*Refractive error may be more acute when caused by diabetes mellitus. 


Other Clues 
Improves with pinhole 
Opacity visible 


Opacity visible or 
positive fluorescein 

Pain 

Ciliary flush 

Elevated pressures 

Pain 

Steamy cornea 

Patient Ill 


Painless 
Abrupt 


Painless 
Floaters 


Cannot see in the eye 


Carotid or heart 
disease, migraine 

Headache 

History 

Scintillations 

Toxins? 

Multiple sclerosis? 

Pituitary tumor? 

Virus? 

Genetic? 

AIDS? 

CNS tumor? 

Pseudotumor cerebri 

Hypertensive crisis? 

Corneal infection? 

Penetrating injury? 

systemic injury? 

Hypopyon 


AIDS, acquired immunodeficiency syndrome; CNS, central nervous system. 
Moditied from Reilly BM. Practical Strategies in Outpatient Medicine. 2nd ed. Philadelphia: WB Saunders; 1991:60. 


CHILDHOOD CATARACTS 


Congenital cataracts are a common cause of unilateral or bilateral 
vision loss in children, usually resulting from irreversible amblyopia in 
1 or both eyes and occasionally from other accompanying structural 
ocular abnormalities (Table 32.10). Many infants with cataracts have 
leukocoria, but all visually significant cataracts can be detected by 
careful evaluation of the red reflex (Fig. 32.12). Infants with bilateral, 
visually significant cataracts may present with visual inattentiveness or 
nystagmus, signs that significant impairment of vision has already 
occurred. 

Most cases of unilateral cataract are idiopathic in origin or associ- 
ated with other ocular anomalies (persistent hyperplastic primary 
vitreous, anterior segment dysgenesis). Bilateral cataracts have a 
known genetic basis in about 60-70% of the cases but this is increasing 
as novel mutations continue to be described. Cataracts are commonly 


Fundus 
Appearance 


Normal 
Normal 


Normal 
Normal 
Normal 


Normal 


Pale with cherry-red 
macula 


Unremarkable or 
diagnostic 
Obscured 


Normal 


Normal 


Normal 
Pale optic disk? 


Retinal lesions 


Diagnostic 


Varies 
Often obscured 


Pupil 
Normal 


Normal, but red 
reflex decreased 


Normal but red 
reflex decreased 


small 
Disfigured? 
Normal 
Dilated 


Fixed 
Normal 
Afferent pupillary 


defect if extensive 


Normal, but red 
reflex decreased 


Normal 


Normal 


Afferent defect 


Afferent defect? 


Normal 


Varies 


inherited in an autosomal dominant manner but may be inherited in 
an autosomal recessive or X-linked pattern. They can be associated 
with metabolic disease such as galactosemia or Fabry syndrome. Cata- 
racts found to be a result of a metabolic disease may be reversible by 
removal of the offending agent; galactosemic cataracts are potentially 
reversible if lactose is eliminated from the diet promptly. Intrauterine 
TORCH(S) infections (Toxoplasmosis, Rubella, Cytomegalovirus, 
Herpes simplex and Syphilis) can also cause cataracts. Usually these 
are bilateral but in the case of congenital rubella infection unilateral 
cataract may occur (Table 32.11). Evaluation for a systemic cause 
should include a pediatric physical examination, ophthalmologic 
examination of the infant and family members, urine for reducing 
substances after lactose-containing milk feeding, labs for TORCH(S) 
infections, calcium, phosphorus, and glucose. Other metabolic 
studies, chromosomal evaluation, and genetic consultation may be 
indicated. 
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TABLE 32.8 Organic Causes of Vision Loss in Infancy 


Condition Physical Findings 


Corneal Disease 


Corneal forceps injury Cloudy cornea 


sclerocornea Opaque cornea 


Anterior microphthalmia Small cornea 


Anterior Chamber Diseases 
Peter anomaly Corneal opacity with iridocorneal/ 
lenticulocorneal adhesions 


Persistent pupillary membrane Bands or membranes obscuring pupil 


Glaucoma Tearing, enlarged eye, photophobia, cloudy 


cornea, pale optic disk 


Iris and Lens Disorders 


Aniridia Large, Irregular, unreactive pupil 
Cataracts Lens opacity 
Anterior PHPV Leukocoria (white pupillary reflex), lens 


opacity, cloudy cornea, small lens and eye 


Retinal and Optic Nerve Disorders 
Posterior PHPV Fibroglial veils around disk/macula, vitreous 
opacities (membrane, vessels) 


Chorioretinitis Diffuse or local retinal atrophy demarcated 


by hyperpigmentation 


Retinoblastoma Leukocoria 


Retinopathy of prematurity Leukocoria, cloudy vitreous; retinal white 
lines and ridges 

Leber congenital retinal 
amaurosis 


Normal findings to degeneration of retina 
Achromatopsia Color cannot be detected, photophobia 


Congenital stationary night 
blindness 


Disk anomalies, poor night vision 


Pale, small optic disk; peripapillary halo of 
pigmentation 


Optic nerve hypoplasia 


Comments 


May lead to astigmatism and amblyopia; associated with intraocular 
hemorrhage, retinal detachment 


scleralization of cornea; familial or sporadic; keratoplasty possibly needed to 
provide vision 


Familial inheritance; associated with congenital cataracts, glaucoma, and/or 
coloboma 


Maldevelopment of anterior segment of eye; associated with glaucoma and 
lens abnormalities 


Rupture of vessels in membranes may lead to hyphema; membrane may need 
to be removed to restore vision 


Increased intraocular pressure leading to blindness (optic nerve damage) 

Causes: anomalies of anterior segment, intraocular hemorrhage, ocular 
inflammatory disease, intraocular tumors 

Treatment: surgery 


Hypoplasia of iris — may be heritable or sporadic, which is associated with a 
deletion of chromosome 11 and Wilms tumor or WAGR syndrome 


Multiple causes, ranging from familial inheritance to drugs 


Persistence of fetal hyaloid vascular system, resulting in fibrovascular plaque 
on back of lens; as plaque contracts, ciliary process and lens become 
distorted 

Complications: glaucoma, cataract, intraocular hemorrhage, rupture of 
posterior capsule. 

Treatment: removal of membrane, lens aspiration. 

Prognosis: poor visual outcome 


Persistence of posterior fetal hyaloid vascular system; remnants of vascular 
system may cause traction detachment of retina 


Inflammation of posterior uvea with retinal involvement 

Causes: toxoplasmosis, histoplasmosis, herpes simplex, cytomegalic inclusion 
virus, syphilis, tuberculosis, and toxocariasis 

Other complications: glaucoma, detached retina 


Neoplastic tumor with locus on chromosome 13: high incidence of secondary 
malignancy: poor prognosis with extraorbital metastasis 


Abnormal vascularization of retina: associated with retinal traction and 
detachment 


Failure of both rods and cones in retina; reduced or absent response to 
electroretinography; autosomal recessive 


Failure of cone system in retina; autosomal recessive, or X-linked; diagnosed 
with ERG 


Defect in rod system of retina; autosomal recessive, dominant, or X-linked 
recessive 


secondary to failure in differentiation or degeneration of retinal ganglion cell 
axons 

Some causes: septo-optic dysplasia (hypopituitary, midline CNS defects), 
chromosomal defects (trisomy 13), albinism, fetal drug exposure (phenytoin, 
ethanol), infant of diabetic mother, CNS defects (hydrocephalus, 
anencephaly, encephalocele) 


Continued 
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TABLE 32.8 Organic Causes of Vision Loss in Infancy—cont'd 


Condition 
Optic nerve aplasia 


Physical Findings 
Absence of retinal vessels and optic disk 


Morning glory disk anomaly Enlarged, funnel-shaped disk 


Coloboma White, wedge-shaped retinal defect; visual 


field loss 


Aicardi syndrome Retinal lacunae, coloboma of optic disk 


Albinism Photophobia; blue—gray to yellow—brown iris; 


macular hypoplasia 


Comments 

Maldevelopment of optic nerve; associated with severe eye and CNS anomalies 

Associated with retinal detachments and midline defects (cleft palate, 
encephalocele, agenesis of corpus callosum) 


Malclosure of embryonic fissure that leaves a gap in the retina, hence 
exposing sclera; defect may extend to lens; associated with many congenital 
syndromes 


Occurs mostly in girls and women; associated with agenesis of corpus 
callosum, seizures, intellectual disability, vertebral anomalies 

Defect in formation of melanin, resulting in lack of pigment in eyes and 
sometimes skin; increases risk of skin cancer with hypopigmented skin 


CNS, central nervous system; ERG, electroretinogram; PHPV, persistent hyperplastic primary vitreous. 


TABLE 32.9 Differential Diagnosis of 
Leukocoria (White Pupillary Reflex) 


Common Causes 

Cataracts 

Cicatricial retinopathy of prematurity 
Exudative retinopathy 

Fundus coloboma 

Larval granulomatosis (toxocariasis) 
Persistent hyperplastic primary vitreous 
Retinoblastoma 


Other Causes 

Atrophic chorioretinal scars 
Endophthalmitis 
Glioneuroma 

Hemangioma 

Hamartoma 

Leukemic ophthalmopathy 
Incontinentia pigmenti 
Medullated nerve fibers 
Medulloepithelioma 
Morning glory disk anomaly 
Norrie disease 

Organized vitreous hemorrhage 
Phakomatoses 

Retinal gliosis 

Retinal dysplasia 
Retinoschisis 


Cataracts in older children may be newly acquired due to a meta- 
bolic disease, drug exposure such as steroids, or a manifestation of 
progressive congenital cataracts. Cataract may rarely be the initial 
manifestation of diabetes type 1 but can occur as a complication par- 
ticularly in patients with poor glycemic control. Bilateral cataracts are 
often the presenting sign in patients with unrecognized cerebrotendi- 
nous xanthomatosis (CTX). These patients usually have had chronic 
diarrhea without a known cause. Unfortunately, CTX is often diag- 
nosed late after mental and neurodegeneration has started to occur. 
Since chenodeoxycholic acid can be used to prevent mental and neu- 
rologic deterioration, CTX should be considered in the presence of a 
juvenile-onset cataract and chronic diarrhea. Occasionally cataracts, 
unilateral or bilateral, are caused by an underlying congenital lens 
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FIGURE 32.10 The international classification of retinopathy of prema- 
turity (ROP). The stage of ROP is determined by the location, extent, 
and stage of disease according to the position of the advancing waves 
of retinal vessels. LE, left eye; RE, right eye. 


FIGURE 32.11 Infant with leukocoria of right eye caused by 


retinoblastoma. 


defect, which develops into a visually significant cataract at a later age. 
Trauma is a common cause of an acquired unilateral cataract. 
Ideally, unilateral cataracts must be removed and amblyopia treat- 
ment begun in the 1st or 2nd month of life. Bilateral cataracts judged 
to be visually significant must be treated in the 1st 3 months of life to 
facilitate an optimal outcome. After this critical period maximum 
visual potential is decreased. Aphakic correction in infants younger 
than 6-12 months with bilateral cataracts is generally provided with 
extended-wear contact lenses or spectacles. Unilateral aphakia in this 
age group is best managed with a contact lens. A posterior chamber 
intraocular lens may be placed in children over the age of 1 year unless 
the child has an underlying inflammatory condition such as juvenile 


TABLE 32.1O Differential Diagnosis of Cataracts 


Developmental Variants 
Prematurity (“Y” suture vacuoles) with or without retinopathy of prematurity 


Inborn Errors of Metabolism 

Abetalipoproteinemia (absent chylomicrons, retinal degeneration) 

Fabry disease (a-galactosidase A deficiency) 

Galactokinase deficiency 

Galactosemia (galactose-1-phosphate uridyltransferase deficiency) 
Homocystinemia (subluxation of lens, intellectual disability) 
Mannosidosis (acid o-mannosidase deficiency) 

Niemann-—Pick disease (sphingomyelinase deficiency) 

Refsum syndrome (phytanic acid o-hydrolase deficiency) 

Wilson disease (accumulation of copper leads to cirrhosis and neurologic 


Genetic Disorders 

Simple Mendelian Inheritance 
Autosomal dominant (most common) 
Autosomal recessive 

X-linked 


Major Chromosomal Defects 


Trisomy disorders (13, 18, 21) 

Turner syndrome (45X) 

Deletion syndromes (11p13, 18p, 18q) 
Duplication syndromes (3q, 20g, 10q) 


Multisystem Genetic Disorders 

Alport syndrome (hearing loss, renal disease) 

Alström disease (nerve deafness, diabetes mellitus) 

Apert syndrome (craniosynostosis, syndactyly) 

Cockayne syndrome (premature senility, skin photosensitivity) 

Conradi syndrome (chondrodysplasia punctata) 

Crouzon syndrome (dysostosis craniofacialis) 

Hallermann—Streiff syndrome (microphthalmia, small pinched nose, skin 
atrophy, and hypotrichosis) 

Hypohidrotic ectodermal dysplasia (anomalous dentition, hypohidrosis, 
hypotrichosis) 

Ichthyosis (keratinizing disorder with thick, scaly skin) 

Incontinentia pigmenti (dental anomalies, intellectual disability, cutaneous 
lesions) 

Lowe syndrome (oculocerebrorenal syndrome: hypotonia, renal disease) 

Marfan syndrome 

Meckel—Gruber syndrome (renal dysplasia, encephalocele) 

Myotonic dystrophy 

Nail—patella syndrome (renal dysfunction, dysplastic nails, hypoplastic patella) 

Marinesco—Sjégren syndrome (cerebellar ataxia, hypotonia) 

Nevoid basal cell carcinoma syndrome (autosomal dominant, basal cell 
carcinoma erupts in childhood) 

Peter anomaly (corneal opacifications with iris—corneal dysgenesis) 

Reiger syndrome (iris dysplasia, myotonic dystrophy) 

Rothmund—Thomson (poikiloderma: skin atrophy) 

Rubinstein—Taybi syndrome (broad great toe, intellectual disabilty) 

Smith—Lemli—Opitz syndrome (toe syndactyly, hypospadias, intellectual disability) 

Sotos syndrome (cerebral gigantism) 

Spondyloepiphyseal dysplasia (dwarfism, short trunk) 

Werner syndrome (premature aging in 2nd decade of life) 


p 


symptoms) 


Endocrinopathies 
Hypocalcemia (hypoparathyroidism) 
Hypoglycemia 

Diabetes mellitus 


Congenital Infections 
Toxoplasmosis 

Cytomegalovirus infection 
Syphilis 

Rubella 

Perinatal herpes simplex infection 
Measles (rubeola) 

Poliomyelitis 

Influenza 

Varicella—zoster 


Ocular Anomalies 
Microphthalmia 

Coloboma 

Aniridia 

Mesodermal dysgenesis 

Persistent pupillary membrane 
Posterior lenticonus 

Persistent hyperplastic primary vitreous 
Primitive hyaloid vascular system 


Miscellaneous Disorders 
Atopic dermatitis 

Drugs (corticosteroids) 
Radiation 

Trauma 


Idiopathic 


FIGURE 32.12 Left, Fundus reflex of an eye with a visually significant congenital cataract. The lens opacity 
is seen as black against the lighter fundus reflex. Right, Fundus reflex of a small, visually insignificant cataract. 
Nonetheless, this child requires referral for ophthalmologic evaluation. 
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TABLE 32.11 Childhood Glaucomas 


I. Primary Genetically Determined Glaucoma 

A. Congenital open-angle glaucoma 

B. Juvenile glaucoma 

C. Primary angle-closure glaucoma 

D. Primary glaucomas associated with systemic or ocular abnormalities 

1. Associated with systemic abnormalities 

. Sturge-Weber syndrome 

. Neurofibromatosis 

. Pierre Robin anomalad 

. Oculocerebrorenal syndrome (Lowe syndrome) 

. Rieger syndrome 

. Hepatocerebrorenal syndrome 

. Marfan syndrome 

. Rubinstein—Taybi syndrome 

. Infantile glaucoma associated with intellectual disabilty and paralysis 

. Oculodentodigital syndrome 

. syndrome of microcornea, absent frontal sinuses, and open-angle 
glaucoma 

. Mucopolysaccharidosis 

. Trisomy 13 

. Hurler disease 

. Cutis marmorata telangiectasia 

ssociated with ocular abnormalities 

. Aniridia 

. Congenital ocular melanosis 

. oclerocornea 

. Familial hypoplasia of iris 

. Anterior chamber cleavage syndrome 

. lridotrabecular dysgenesis and ectropion uveae 

. Posterior polymorphous dystrophy 
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ll. Secondary Glaucoma 
A. Traumatic glaucoma 
1. Acute 
a. Angle concussion 
b. Hyphema 
2. Late onset with angle recession 
3. Arteriovenous fistula 
B. Intraocular neoplasm 
1. Melanoma 
2. Melanocytoma 
3. Juvenile xanthogranuloma 
4. Retinoblastoma 
5. Leukemia 
C. Uveitis 
1. Open angle 
2. Angle blockage 
a. Synechial angle-closure 
b. Iris bombé with pupillary block 
D. Lens-induced glaucoma 
1. Subluxation-dislocation and pupillary block 
2. Spherophakia and pupillary block 
3. Phacolytic glaucoma 
E. Glaucoma after surgery for congenital cataract 
1. Lens material blockage of trabecular meshwork 
2. Pupillary block 
3. Chronic open-angle glaucoma 
F. Steroid glaucoma 
G. Glaucoma secondary to rubeosis 
1. Retinoblastoma 
2. Coats disease 
3. Medulloepithelioma 
H. Secondary angle-closure glaucoma 
1. Retinopathy of prematurity 
2. Microphthalmos 
3. Nanophthalmos 
4. Congenital iris—lens membrane 
|. Glaucoma associated with increased venous pressure 
1. Idiopathic 
2. Orbital disease 


J. Congenital rubella syndrome 


From Nelson LB, Calhoun JH, Harley RD. Pediatric Ophthalmology. 3rd ed. Philadelphia: WB Saunders; 1991:259. 


idiopathic arthritis (JIA). An intraocular lens may be placed in a child 
with a traumatic cataract if the intraocular structures that support the 
lens are intact. The management of a cataract goes well beyond cataract 
surgery. Amblyopia must be treated with occlusion of the sound eye, 
often for several years, until stable visual acuity can be demonstrated. 
Children who have had cataract surgery must be monitored indefi- 
nitely to evaluate for delayed complications such as glaucoma and 
retinal detachment. 


GLAUCOMA IN CHILDHOOD 


Pediatric glaucomas result from abnormalities of the aqueous outflow 
pathways (primary congenital glaucoma) or abnormalities that affect 
other parts of the eye (secondary glaucoma). Several genes causing 
primary congenital glaucoma, usually autosomal recessive, have been 
identified. Primary congenital glaucoma is bilateral in about 65% of 


patients. This presents as a classic triad consisting of blepharospasm, 
photophobia, and epiphora (Fig. 32.13). The cornea may be cloudy due 
to edema resulting from elevated intraocular pressure. The cornea also 
enlarges and the axial length of the eye may increase with elevated 
intraocular pressure. Onset usually occurs in the 1st year of life; only 
25% are present at birth. If glaucoma presents after the age of 5 years, 
it is known as primary juvenile open-angle glaucoma. The natural 
history of untreated primary congenital glaucoma is blindness result- 
ing from progressive corneal opacification and optic nerve damage. 
Treatment is surgical although eye pressure lowering medications such 
as topical B blockers and topical or oral carbonic anhydrase inhibitors 
may be used as temporizing measures. Even with treatment final visual 
acuity is worse than 20/50 in more than 50% of the patients. 
Secondary glaucoma may present similarly to primary glaucoma 
but is associated with other factors such as ocular trauma, inflamma- 
tion, prolonged steroid use, or cataract. Some systemic conditions such 


Note the large corneas and epiphora. 


as neurofibromatosis are also associated with secondary glaucoma. The 
differential diagnosis of congenital glaucoma includes conditions that 
demonstrate corneal opacities (Table 32.12) or an enlarged cornea 
(Table 32.13). Epiphora also occurs with conjunctivitis, corneal trauma, 
and nasolacrimal duct obstruction (NLDO). Photophobia is observed 
in infants with corneal trauma, corneal deposits, cystinosis, and 
inflammation (uveitis). Corneal opacification can also be found in 
infants with corneal dystrophies, metabolic storage diseases such as 
mucopolysaccharidoses, and forceps-related obstetric trauma. 

The diagnosis of primary congenital glaucoma or secondary glau- 
coma is generally confirmed by performing an examination with the 
patient under anesthesia. The child needs to be quiet and very coopera- 
tive in order to get an accurate intraocular pressure reading and a 
careful examination of the cornea and anterior segment structures. 
The diagnosis rests on a constellation of abnormal ocular findings, 
including elevated intraocular pressure, corneal enlargement, anoma- 
lies of the drainage angle, and signs of damage to the optic nerve in 
conjunction with medical history. 


CHILDHOOD UVEITIS 


Uveitis is defined as inflammation of the uveal tissue of the eye, which 
includes the iris, ciliary body, and choroid. Inflammation can involve 
any or all of these structures, and terms such as iritis, iridocyclitis, 
choroiditis, and chorioretinitis are used to designate which portion of 
the uveal tissue is involved. Anatomic location such as anterior, poste- 
rior, intermediate, or panuveitis are useful in determining etiology 
(Table 32.14). JIA is the most common cause of childhood anterior 
uveitis. JIA uveitis is most common in the pauciarticular form, when 
the onset occurs before the age of 7 years, and when the antinuclear 
antibody blood test is positive. Girls are at higher risk than boys; 
10-15% of children with JIA develop uveitis and 10% of those who 
develop uveitis do so prior to the diagnosis of JIA. It is common for 
children with JIA to have no symptoms of inflammation in the eye. 
Despite the lack of symptoms, uveitis can cause severe vision loss due 
to the development of edema or deposition of calcium (band keratopa- 
thy) in the cornea or retinal edema (Fig. 32.14). A cataract and/or 
glaucoma may result from inflammation in the eye or chronic use of 
steroids used to quiet the inflammation. The pupil may have an irregu- 
lar shape as a result of adhesions to the underlying lens (posterior 
synechiae). Visual impairment occurs in up to 40% of children with 
JIA uveitis and blindness occurs in 10% of affected eyes. For this reason 
there are screening guidelines for the recommended frequency of eye 
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exams based on the risk factors that predispose patients with JIA to 
uveitis including category of arthritis (oligoarthritis vs polyarthritis), 
age of onset of arthritis, presence of ANA positivity, and duration of 
disease (Table 32.15). 

The diagnosis of uveitis can be made from an eye examination. 
Because uveitis can be caused by infections, trauma, autoimmune dis- 
orders, and may be idiopathic, evaluation of the cause of the uveitis 
requires a thorough pediatric physical examination as well as supple- 
mentary radiologic and laboratory testing. A chest radiograph may 
demonstrate tuberculosis and sarcoidosis. Serologic evaluation may 
include tests for syphilis, sarcoidosis, JIA, Lyme disease, herpes, measles, 
and toxoplasmosis. In boys, haplotype testing for human leukocyte 
antigen B27 may be indicated because of the association between iritis 
and pauciarticular arthritis that may later evolve into ankylosing 
spondylitis. 

The management of iritis in children is the elimination of intraocu- 
lar inflammation. In some cases of noninfectious uveitis, local treat- 
ment with topical corticosteroid drops or periocular corticosteroid 
injections may control the inflammation. In many cases, local cortico- 
steroids are not sufficient to control chronic uveitis. Immunomodula- 
tory agents such as oral corticosteroids and corticosteroid-sparing 
agents, including nonsteroidal antiinflammatory drugs (NSAIDs), 
antimetabolites, T cell inhibitors, alkylating agents, and antitumor 
necrosis factor biologic agents are options. Short courses of corticoste- 
roids may be used, but corticosteroid-sparing drugs are the Ist-line 
therapy for long-term use due to the many side effects of corticoste- 
roids. Mydriatic drops are used to prevent the formation of posterior 
synechiae. 

Toxoplasmosis caused by the intracellular parasite Toxoplasma 
gondii is the most common cause of posterior uveitis in children. Most 
ocular toxoplasmosis in the pediatric age group is probably acquired 
from the mother during pregnancy. In some instances, the infection is 
inactive at birth and goes unrecognized until inflammation occurs. 
Toxoplasmosis that is active at birth may result in widespread fetal 
tissue damage or may be associated with chorioretinitis, encephalomy- 
elitis, and visceral disease. The diagnosis of toxoplasmosis is based on 
clinical findings, intracranial calcification in some children, and labo- 
ratory tests for specific immunoglobulin G and immunoglobulin M 
antibodies. Treatment of isolated ocular toxoplasmosis does not 
require treatment unless it threatens vision. When treatment is indi- 
cated, it involves the use of 1 or more antimicrobial drugs. The most 
common therapy consists of combination therapy with pyrimeth- 
amine and sulfadiazine. Steroids may be given in combination with 
antibiotics. Intravitreal clindamycin with dexamethasone may be as 
effective as systemic therapies. Several other entities can simulate 
uveitis in children and must be considered. These entities include reti- 
noblastoma, leukemia, lymphoma, juvenile xanthogranuloma, and an 
intraocular foreign body. 


NASOLACRIMAL PROBLEMS IN CHILDHOOD 


The nasolacrimal system consists of tear-secreting glands and a drain- 
age system. The lacrimal gland, located in the superotemporal orbit, is 
the primary producer of tears; accessory lacrimal glands in the upper 
eyelid supplement its output. The lacrimal drainage apparatus begins 
with puncta on the nasal aspect of the upper and lower eyelid margins. 
The puncta continue as canaliculi that course nasally to empty into the 
lacrimal sac. The lacrimal sac in turn drains inferiorly through 
the nasolacrimal duct just under the inferior turbinate in the nose 
(Fig. 32.15). 

The most common developmental anomaly of the nasolacrimal 
drainage system is NLDO, which occurs in up to 20% of infants. A thin 
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TABLE 32.12 STUMPED: Differential Diagnosis of Neonatal Corneal Opacities 


Ocular 
Diagnosis Laterality Opacity Pressure 
S — Sclerocornea Unilateral or — Vascularized, blends Normal (or 
bilateral with sclera, clearer elevated) 
centrally 
T — Tears in endothelium 
and Descemet membrane 
Birth trauma Unilateral Diffuse edema Normal 
Infantile glaucoma Bilateral Diffuse edema Elevated 
U — Ulcers 
Herpes simplex keratitis Unilateral Diffuse with Normal 
geographic 
epithelial defect 
Congenital rubella Bilateral Disciform or diffuse Normal or 
edema, no frank elevated 
ulceration 
Neurotrophic — exposure Unilateral or Central ulcer Normal 
bilateral 
M — Metabolic (rarely Bilateral Diffuse haze, denser Normal 
present at birth) peripherally 
(mucopolysaccharidoses IH, 
IS; mucolipidoses type IV)“ 
P — Posterior corneal defect Unilateral or Central, diffuse haze Normal or 
bilateral or vascularized elevated 
leukoma 
E — Endothelial dystrophy 
Congenital hereditary Bilateral Diffuse corneal Normal 
endothelial dystrophy edema, marked 
corneal thickening 
Posterior polymorphous Bilateral Diffuse haze, normal Normal 
dystrophy corneal thickness 
Congenital Hereditary Bilateral Flaky, feathery Normal 
stromal dystrophy stromal opacities; 
normal corneal 
thickness 
D — Dermoid Unilateral or White vascularized Normal 
bilateral mass, hair, lipid arc 


Other Ocular 
Abnormalities 


Cornea plana 


Possible hyphema, 
periorbital 
ecchymoses 

Megalocornea, 
photophobia and 
tearing, abnormal 
angle 


None 


Microphthalmos, 
cataract, pigment 
epithelial mottling 


Lid anomalies, 
congenital sensory 
neuropathy 


Few 


Anterior chamber 
cleavage syndrome 


None 


Occasional peripheral 
anterior synechiae 


None 


None 


Natural History 
Nonprogressive 


Spontaneous 
improvement in 
1 mo 


Progressive unless 
treated 


Progressive 


Stable, may clear 


Progressive 


Progressive 


Stable; sometimes 
early clearing or 
vascularization 


Stable 


Slowly progressive 


Stable 


Stable 


Inheritance 
Sporadic 


Sporadic 


Autosomal recessive 


sporadic 


Sporadic 


Sporadic 


Autosomal recessive 


Sporadic, autosomal 
recessive 


Autosomal dominant 
or recessive 


Autosomal dominant 


Autosomal dominant 


Sporadic 


*Mucopolysaccharidosis IH, Hurler syndrome; mucopolysaccharidosis IS, Scheie syndrome. 
From Nelson LB, Calhoun JH, Harley RD. Pediatric Ophthalmology. 3rd ed. Philadelphia: WB Saunders; 1991:210. 


mucosal membrane at the distal end of the duct, the valve of Hasner, 
is the most common cause of obstruction. Typically, the infant has 
epiphora and a mucopurulent discharge that causes matting of the 
eyelids beginning at about 1 month of age. Pressure applied to the 
lacrimal sac with a finger or cotton swab often results in reflux of 
cloudy fluid from the puncta. The infection is usually polymicrobial, 
but a bacteriologic diagnosis is not necessary for clinical management. 
Eyelash washes with dilute baby shampoo can decrease the frequency 
of infections. Topical antibiotics can be used to decrease purulence but 
this likely leads to resistant organisms. Recurrent infections may be 


considered an indication for early probing. Lacrimal sac massage may 
push fluid through the mucosal membrane and thereby open the duct, 
but the pressure applied to the lacrimal sac needs to be forceful. Most 
NLDOs will spontaneously resolve. If resolution does not occur within 
the 1st year of life, probing of the duct can be done and is effective in 
90% of cases. Effectiveness of nasolacrimal duct probing decreases 
after the age of 18 months. A silicon stent can be placed to maintain 
an open duct, which increases the success of long-term patency. 
NLDO must be differentiated from atresia of the puncta or cana- 
liculi causing tearing but not infection and lacrimal-cutaneous fistula 
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TABLE 32.13 Differential Diagnosis of Enlarged Cornea 


Anterior 
Inheritance 


Time of appearance 
Bilaterality 


Natural history 
symptoms 
Corneal clarity 


Intraocular pressure 
Corneal diameter 

Corneal thickness 
Keratometry 

Gonioscopy 

Globe diameter (A scan) 
Major ocular complications 


Primary Infantile 


Simple Megalocornea 


Autosomal dominant (?) 


Congenital 


Bilateral 
symmetric 


Nonprogressive 
None 
Clear 


Normal 
13-18 mm 
Normal 
Normal 
Normal 
23-26 mm 
None 


Megalophthalmos 


X-linked recessive (male 
preponderance) 


Congenital 


Bilateral 
symmetric 


Nonprogressive 
None 
Clear or mosaic dystrophy 


Elevated in some adults 

13-18 mm 

Normal 

Normal; astigmatism 
Excessive mesenchymal tissue 
23-26 mm 

Lens dislocation; cataract, 


Glaucoma with 
Buphthalmos 


Sporadic 


1st year of life 


Unilateral or bilateral 
Asymmetric 


Progressive 
Photophobia, epiphora 


Diffuse edema, tears in 
Descemet membrane 


Elevated 

13-18 mm 

Thick 

Flat 

Excessive mesenchymal tissue 
27-30 mm 

Optic disk damage, late 


<40 yr; secondary glaucoma corneal edema 


Associated systemic disorders None Occasionally Marfan and other None consistent 


skeletal abnormalities 


From Nelson LB, Calhoun JH, Harley RD. Pediatric Ophthalmology. 3rd ed. Philadelphia: WB Saunders; 1991:201. 


TABLE 32.14 Differential Diagnosis of Uveitis 


Anterior Uveitis Posterior Uveitis and Panuveitis 
Juvenile idiopathic arthritis Toxoplasmosis 

Trauma Toxocariasis 

Sarcoidosis Herpes, rubella, rubeola, measles 

Herpes Histoplasmosis 

syphilis syphilus 

Lyme disease sympathetic ophthalmia 

Fuchs heterochromic iridocyclitis Sarcoidosis 

Kawasaki syndrome Bartonella 

Tubulointerstitial nephritis and uveitis syndrome Candida albicans 

Lyme disease 

Familial juvenile systemic granulomatosis (Blau syndrome) 


Behcet disease 

Orbital pseudotumor 

Idiopathic Diffuse unilateral subacute neuroretinitis (DUSN) 
Tuberous sclerosis 


Intermediate Uveitis Vogt—Koyanagi—Harada syndrome 


Pars planitis Behçet disease 
Sarcoidosis Idiopathic 


Tuberculosis 

Juvenile xanthogranuloma 
Lyme disease 

Idiopathic 


From Basic and Clinical Science Course, Section 6. Ophthalmology and Strabismus. San Francisco: American Academy of Ophthalmology; 
2013-2014;268, Table 22-1. 
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TABLE 32.15 Frequency of Ophthalmic Examination in Patients with Juvenile 
Idiopathic Arthritis 


Type 
Oligoarthritis or polyarthritis 


Systemic disease 


NA, not applicable. 


Disease 
Duration (yr) 


Eye Exam 
Frequency (mo) 


Risk Category 
<4 High 3 
>4 Moderate 

>] Low 

<4 Moderate 

>4 Low 

<4 Moderate 

>4 Low 

NA Low 

NA Low 


Moditied trom Cassidy J, Kivlin J, Lindsley C, et al. Ophthalmologic examinations in children with juvenile rheumatoid arthritis. Pediatrics. 


2006;117:18438-1845. 
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FIGURE 32.14 Ciliary flush associated with iritis. Note the straight, 
radially oriented vessels extending out from the iris. (From Reilly BM. 
Practical Strategies in Outpatient Medicine. 2nd ed. Philadelphia: WB 


Saunders; 1991:41.) 


causing tears to drain to the skin surface. These conditions require 
surgery to re-form the canalicular system and puncta and repair the 
fistula if present. NLDO should be differentiated from infectious con- 
junctivitis, especially gonococcal, chlamydial, and herpetic infections. 
Chronic tearing occurs in congenital glaucoma in addition to blepha- 
rospasm and photophobia. 

A dacryocystocele is a variation of congenital NLDO that occurs 
in newborns. These infants present with a bluish mass in the nasoor- 
bital region below the medial canthal tendon. This mass is a dilated 
lacrimal sac that has both distal obstruction from a membrane and 
proximal obstruction from a 1-way valve effect from an incompetent 
valve of Rosenmüller (Fig. 32.16). A hemangioma or dermoid cyst may 
have a bluish hue but hemangiomas typically do not present at birth. 
An encephalocele or dermoid cyst may also appear to be a bluish mass 
but will lie above the medial canthus. On occasion, the dilated sac is 
accompanied by bulging of the nasal mucosa at the distal end of the 
nasolacrimal duct. The nasal mucocele can compromise the infant's 
breathing. If the dacryocystocele fails to resolve with topical antibiotics 


Lacrimal sac 


Punctum 


Canaliculus 
Nasolacrimal duct 


Inferior turbinate 


FIGURE 32.15 Anatomy of the nasolacrimal drainage system. (Modi- 
fied from Rev Ophthalmol. 2001;8:122. Reprinted with permission from 
Jobson Publishing: New York.) 


and massage, or if cellulitis develops, systemic antibiotics and surgical 
decompression must be considered. Decompression is accomplished 
by relieving the distal obstruction by probing the nasolacrimal duct, 
removing any nasal cyst, and possibly placing a stent. 


RED EYE 


The term red eye usually refers to inflammation of the conjunctiva that 
causes the eye to appear red. Much less commonly (and much more 
seriously), the sclera is injected. Causes of red eye include infection of 
the ocular surface (cornea, conjunctiva, and sclera), allergy, intraocular 
inflammation, glaucoma, foreign body, and trauma. Evaluation must 
be directed toward discerning whether a child’s red eye is caused by a 
benign condition that will spontaneously resolve (viral conjunctivitis) 
or easily be treated with topical medication (bacterial conjunctivitis) 
or whether the cause is potentially vision threatening (iritis, corneal 
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FIGURE 32.16 Dacryocystocele of the left lacrimal sac in a 2-week-old 
infant. The dacryocystocele resolved with a probing of the left tear duct. 


ulceration, glaucoma) and requires urgent ophthalmologic evaluation 
(Table 32.16). Signs that should raise concerns for a serious etiology 
of red eye are in an immunocompromised host, severe pain, proptosis, 
limitation of eye movements, opacified cornea, abnormal pupil 
response, or lack of response to therapy. 

In taking the history, the examiner should inquire about laterality, 
onset, associated illnesses, contact with others with “pink eye, the 
presence of pain or itching, the characteristics of any discharge (watery, 
mucoid, purulent), and blurring of vision. The examination of the 
child should start with as precise a measurement of visual acuity as 
possible. The presence and type of discharge should be noted. Inspec- 
tion of the surface of the eye with a penlight should determine whether 
the cornea is clear. Fluorescein staining of the cornea to assess for a 
corneal abrasion should be done. The red reflex should be checked. 
The presence of foreign bodies should be considered. 

The most common cause of a red eye in a child is infectious con- 
junctivitis (Table 32.17). Streptococcus pneumoniae is the most frequent 
bacterial pathogen, followed by some Haemophilus species and Morax- 
ella. However, infections from Haemophilus species have decreased 
because of immunization. In hospitalized patients, staphylococcal 
infections (including methicillin-resistant Staphylococcus aureus) are 
more common. A bacterial culture is not necessary in mild cases of 
suspected bacterial conjunctivitis because the infection tends to be 
self-limiting but may last up to 2 weeks. Treatment with a broad- 
spectrum topical antibiotic may relieve symptoms and shorten the 
course of infection, allowing the child to return to school or daycare. 
Topical antibiotic options include trimethoprim—polymyxin B, eryth- 
romycin, gentamicin or tobramycin, ciprofloxacin, moxifloxacin, gati- 
floxacin, azithromycin, and sulfacetamide. Sulfacetamide preparations 
are inexpensive but have a narrower range of effectiveness and cause a 
great deal of stinging. Sulfa drugs also have an association with 
Stevens-Johnson syndrome. Gentamicin can cause redness, which can 
cause difficulty in determining whether or not the conjunctivitis is 
treated. The aminoglycosides are less effective with gram-positive 
organisms, particularly streptococcal species. Trimethoprim sulfate/ 
polymyxin B is bacteriostatic and a 7-10 day course of therapy is rec- 
ommended. The fluoroquinolones are rapidly effective but have differ- 
ent dosing recommendations. Azithromycin has a very short course 
but can be costly. Steroid-antibiotic combinations should be avoided 
because of the risk of worsening a bacterial corneal ulcer or an unsus- 
pected herpes simplex infection. 

Viral conjunctivitis tends to be associated with a watery or mucoid 
discharge. Follicles may be visible with low magnification on the 
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palpebral conjunctiva, and a preauricular lymph node can often be 
palpated. Adenovirus is common pathogen; epidemic outbreaks are 
frequent. In children as old as 2 years, adenovirus can manifest with 
severe periorbital edema and erythema that mimics bacterial preseptal 
or orbital cellulitis; a conjunctival peudomembrane is common in this 
setting. Adenoviruses types 8, 19, 35, enterovirus 70, and coxsackie 24 
are associated with subconjunctival hemorrhages or hemorrhagic con- 
junctivitis. Pharyngoconjunctival fever, conjunctivitis accompanied by 
a sore throat and fever, is associated with adenovirus types 3 and 7. 
Cultures are not usually necessary but can be performed if there is a 
question of etiology. Antibiotics are ineffective in adenovirus infec- 
tions. Treatment is largely supportive, with cool compresses and artifi- 
cial tears providing symptomatic relief. Adenovirus is highly contagious 
so careful attention to hygiene should be taken among family members, 
caregivers, and contacts to prevent the spread of infection. 

Less frequent causes of viral conjunctivitis are herpes simplex and 
varicella. These may be associated with vesicular involvement of the 
eyelid and face. Treatment with oral antiviral medications can be used 
if lesions are very near the cornea or there is corneal involvement. Oral 
antivirals are also considered in individuals who are immunocompro- 
mised. Topical antivirals are also used in patients with corneal involve- 
ment. Topical corticosteroid medications are contraindicated in 
herpetic infections because of the potential for worsening the infec- 
tion. However the ophthalmologist often uses topical steroids to 
control inflammation after the viral infection has been treated. 

The DNA poxvirus Molluscum contagiosum can cause a chronic 
conjunctivitis when lesions are located on the eyelid margin (Fig. 
32.17). The conjunctivitis is caused by release of poxvirus particles into 
the tear film. Additional waxy, umbilicated lesions are oftentimes 
found elsewhere on the face. The infection may be self-limited but 
treatment of more severe cases requires incision and debridement of 
the central core from each lesion. 

Allergic conjunctivitis manifests with a bilateral watery or mucoid 
discharge and must always be considered in the differential diagnosis 
of bilateral red eyes. The child may rub the eyes because of pruritus; 
nasal allergic symptoms may also be present. About 80% of individuals 
with allergies have ocular symptoms and these may occur in isolation. 
A more severe form of allergic conjunctivitis, vernal keratoconjuncti- 
vitis (VKC), tends to occur in males in the first 2 decades of life and 
is seasonal, occurring in the spring and fall. Ulceration of the cornea 
can occur. Usually the ulceration is sterile but it can impair vision. 
Treatment of allergic conjunctivitis includes topical antihistamines, 
mast cell stabilizers, or a combination of the 2. Systemic treatment of 
allergies often improves the ocular symptoms. In severe cases of allergic 
conjunctivitis or VKC, steroids or cyclosporines can be used. 

Systemic syndromes must also be considered in a child with a red 
eye. In the Stevens-Johnson syndrome, conjunctival inflammation is 
associated with other mucous membrane or cutaneous involvement. 
This disease can have severe ophthalmic consequences as a result of 
conjunctival scarring, changes of the eyelid position, and dry eye syn- 
drome. Kawasaki syndrome is a febrile illness of young children who 
frequently manifest bilateral nonpurulent conjunctival injection and, 
in rare cases, iritis. Ophthalmic consultation may be indicated to assist 
in the diagnosis and management of children with Stevens-Johnson 
and Kawasaki syndromes. 


EYELID ABNORMALITIES 


Congenital abnormalities of the eyelids can be severe as in the case of 
cryptophthalmos, in which there is a failure of differentiation of eyelid 
structures and the skin passes uninterrupted from the forehead to the 
cheek. This is often associated with corneal abnormalities and systemic 


TABLE 32.16 The Red Eye 


Condition 


Bacterial 
conjunctivitis 


Viral conjunctivitis 


Neonatal 
conjunctivitis 


Allergic 
conjunctivitis 
Keratitis 
Endophthalmitis 
Anterior uveitis 


(iridocyclitis) 


Posterior uveitis 
(choroiditis) 

Episcleritis/ 
scleritis 


Foreign body 


Blepharitis 


Dacryocystitis 


Dacryoadenitis 


Orbital cellulitis 


Periorbital 
cellulitis 


Cause 


Haemophilus influenzae, H. influenzae 
aegyptius, Streptococcus pneumoniae, 
Neisseria gonorrhoeae, Staphylococcus 
aureus, Yersinia species, cat-scratch 
bacillus less common 


Adenovirus, ECHO virus, coxsackievirus 


Chlamydia trachomatis, gonococcus, 
chemical (silver nitrate), S. aureus 


seasonal pollens or allergen exposure 


Herpes simplex, adenovirus, S. pneumoniae, 
S. aureus, Pseudomonas species, 
Acanthamoeba species, chemicals 


S. aureus, S. pneumoniae, Candida albicans, 
associated surgery or trauma 


JIA, reactive arthritis, sarcoidosis, Behçet 
disease, Kawasaki disease, inflammatory 
bowel disease 


Toxoplasmosis, histoplasmosis, Toxocara 
canis 


Idiopathic autoimmune disease (e.g., SLE, 
Henoch—Schonlein purpura) 


Occupational exposure 


S. aureus, S. epidermidis, seborrheic, 
blocked lacrimal duct: rarely, molluscum 
contagiosum, Pthirus pubis, Pediculosis 
capitis 

Obstructed lacrimal sac: S. aureus, 

H. influenzae, pneumococcus 


S. aureus, Streptococcus species, CMV, 
measles, EBV, enteroviruses, trauma, 
sarcoidosis, leukemia 


Paranasal sinusitis: H. influenzae, S. aureus, 
S. pneumoniae, other Streptococcus 
species 

Trauma: S. aureus 

Fungi: Aspergillus, Mucor species if 
immunodeficient 

Trauma: S. aureus, Streptococcus species 

Bacteremia: H. influenzae, pneumococci, 

S. pyogenes 
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Signs/Symptoms 


Mucopurulent unilateral or bilateral discharge, 
normal vision, photophobia usually absent 

Conjunctival injection and edema (chemosis); gritty 
sensation 


As above; may be hemorrhagic, unilateral 
enlarged preauricular lymph nodes 


Palpebral conjunctival follicle or papillae; as above 


Itching, incidence of bilateral chemosis (edema) 
greater than that of erythema, tarsal papillae 


severe pain, corneal swelling, clouding, limbus 
erythema, hypopyon, cataracts; contact lens 
history with amebic infection 


Acute onset, pain, loss of vision, swelling, 
chemosis, redness; hypopyon and vitreous haze 


Unilateral/bilateral; erythema, ciliary flush (in 
circumcorneal area), irregular pupil, iris 
adhesions; pain, marked photophobia, small 
pupil, poor vision, no discharge 

No sign of erythema, decreased vision, no 
discharge 


Localized pain, intense erythema, unilateral; blood 
vessels bigger than in conjunctivitis; scleritis 
may cause globe perforation, no discharge 


Unilateral, red, gritty feeling; visible or 
microscopic size 


Bilateral, irritation, itching, hyperemia, crusting, 
affecting lid margins 


Pain, tenderness, erythema and exudate in area of 
lacrimal sac (inferomedial to inner canthus): 
tearing (epiphora); possible orbital cellulitis 


Pain, tenderness, edema, erythema over gland 
area (upper temporal lid); fever, leukocytosis 


Rhinorrhea, chemosis, vision loss, painful 
extraocular motion, proptosis, opthalmoplegia, 
fever, lid edema, leukocytosis 

S. aureus 


Cutaneous erythema, warmth, normal vision, 
minimal involvement of orbit, fever, 
leukocytosis, toxic appearance 


Treatment 

Topical antibiotics: systemic 
ceftriaxone for gonococcus, 
H. influenzae 


Self-limited 


Ceftriaxone for gonococcus 
and oral erythromycin for 
C. trachomatis 

Antihistamines, steroids, 
cromolyn 


Specific antibiotics for bacterial/ 
fungal infections; keratoplasty, 
acyclovir for herpes 


Antibiotics 


Topical steroids, plus therapy for 
primary disease 


Specific therapy for pathogen 


Episcleritis is self-limiting; 
topical steroids for fast relief 


Irrigation, removal; check for 
ulceration 


Topical antibiotics, warm 
compresses 


systemic, topical antibiotics; 
surgical drainage 


Systemic antibiotics; drainage of 
orbital abscesses 


Systemic antibiotics (postseptal 
cellulitis), drainage of orbital 
abscesses 


Systemic antibiotics (preseptal 
cellulitis) 


CMV, cytomegalovirus; EBV, Epstein-Barr virus; ECHO, enteric cytopathogenic human orphan; JIA, juvenile idiopathic arthritis; SLE, systemic 
lupus erythematosus. 

Data from Rosenbaum JT, Nozik RA. Uveitis: Many diseases, one diagnosis. Am J Med. 1985;79:545-547; Elkington AR, Khaw PT. The red eye. 
BMJ. 1988;296:1720-1724; Wilhemus KR. The red eye. Infectious conjunctivitis, keratitis, endophthalmitis, and periocular cellulitis. /nfect Dis 
Clin North Am. 1988;2:99-116; Forrester JV. Uveitis: Pathogenesis. Lancet. 1991;338:1498-1501; Gioliotti F. Acute conjunctivitis of childhood. 
Pediatr Ann. 1993;22:353-356. 

Modified from Behrman RE, Kliegman RM. Nelson Essentials of Pediatrics. 2nd ed. Philadelphia: WB Saunders; 1994: 357-358. 


TABLE 32.17 Conjunctivitis: Differential Diagnosis 


Clinical Findings 


Cause Unilateral or Bilateral Discharge 


Viral” (usually Bilateral Thin, mucoid 


adenovirus) 


Herpes simplex Unilateral Thin, mucoid 


Bacterial Unilateral or bilateral Purulent 


Gonococcal Unilateral Purulent 


Chlamydial Unilateral or bilateral Thin, mucoid 


Allergic Bilateral Watery 


Vernal Bilateral Watery 


Contact lens Bilateral 


irritation 


Watery 


Chemical Unilateral or bilateral Watery 


*Unditferentiated viral conjunctivitis, not caused by herpesvirus infection. 


Lids 
Follicular 


Follicular 


Papillary, purulent 
Edema, inflamed 
Follicular 


Papillary 
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Onset/Course 


Gradual 

Upper respiratory tract 
infection? 

Preauricular adenopathy 

Gradual 

Keratitis 

Dendritic ulcer 

Gradual 

Hyperacute 

Indolent 

Persistent 

Neonatal period 

Sexually active 

Gradual 

Seasonal 


Treatment 


Compresses 


Acyclovir 


Topical antibiotics 
Systemic antibiotics 


Oral erythromycin any 
age or tetracycline 
(>10 yr of age) 


Topical vasoconstrictors 
systemic antihistamine 


Giant papillary 


Giant papillary 


Variable Acute 


Pruritic Topical steroids 
Adolescence 


Seasonal 


Cromolyn? 
Lenses Adjust lens 
Change solution 
Irrigate 

Remove irritant 


Moditied from Reilly BM. Practical Strategies in Outpatient Medicine. 2nd ed. Philadelphia: WB Saunders; 1991:46. 


FIGURE 32.17 Chronic eczematoid and follicular conjunctivitis in only 
the left eye, caused by Molluscum contagiosum, in a 5-year-old. Note 
the elevated lesions on the lateral aspect of the left upper eyelid. 


abnormalities. Colobomas of the eyelid can occur and are usually on 
the upper lid and can range in severity from a notch to the entire length 
of the eyelid. Eyelid colobomas are often associated with Goldenhar 
and CHARGE syndromes. Surgery can be done to reconstruct the 
eyelids. More common eyelid abnormalities include entropion (inward 
turning of the eyelid margin), ectropion (eversion of the eyelid 
margin), epiblepharon (in which a horizontal fold of skin in the lower 
eyelid causes the lashes to rub against the cornea), and distichiasis (in 
which an accessory row of eyelashes is more posterior than the normal 
ones and can rub against the cornea). All these may resolve spontane- 
ously or, if necessary, can be corrected with eyelid surgery. Epiblepha- 
ron tends to be well tolerated by patients. Epicanthus, a crescent-shaped 


fold of skin, is usually most prominent in the upper eyelid that can 
make the child appear esotropic by obscuring the underlying sclera. 

Congenital ptosis (Fig. 32.18), droopiness of the upper eyelid, is 
usually caused by abnormal development of the levator muscle. Other 
causes in children are trauma, congenital 3rd nerve palsy, and con- 
genital Horner syndrome. Acute onset of ptosis in the absence of 
trauma requires evaluation for new-onset Horner syndrome, which 
may be associated with neuroblastoma, and evaluation for a 3rd nerve 
palsy, which may be associated with an intracranial mass. A child with 
congenital ptosis needs to be monitored for amblyopia. Treatment of 
ptosis is delayed until the child is several years old unless it is causing 
amblyopia due to occlusion of the visual axis, an induced astigmatism 
difficult to treat with glasses, or when severe chin-up head posture is 
necessary to allow the child to see (Fig. 32.19). Surgical correction 
consists of resection of the levator muscle or suspension of the upper 
eyelid to the frontalis muscle with a silicon sling or autogenous or 
cadaveric fascia lata. 


ORBITAL TUMORS 


Orbital tumors, either benign or malignant, may occur in children. The 
space-occupying lesions can present with proptosis, swelling or discol- 
oration of the eyelids, ptosis, or strabismus. Some of the most common 
benign tumors are vascular lesions. Hemangiomas occur in 1-3% of 
term newborns and are more common in premature infants. Heman- 
giomas are classified by depth of skin involvement and type of orbital 
involvement. The natural history involves rapid proliferation over the 
Ist several months of life. Ulceration, hemorrhage, and occlusion or 
induced astigmatism of the eye causing amblyopia can occur. After the 
Ist year of life the lesion begins to regress. Systemic diseases such as 
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FIGURE 32.18 Congenital ptosis of the right upper eyelid. The child adopted a compensatory chin-up head 
posture to allow use of both eyes together and did not have amblyopia. 
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FIGURE 32.19 Left, A capillary hemangioma of the right upper eyelid and anterior o 
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rbit. This lesion neces- 


sitated treatment because it was causing amblyopia from astigmatism as a result of pressure against the 
globe and by occlusion of the visual axis. Right, This capillary hemangioma of the left lower eyelid is not 
causing amblyopia and does not necessitate treatment unless it grows substantially. 


PHACE syndrome (posterior fossa malformations, hemangiomas, 
arterial anomalies, coarctation of the aorta and cardiac defects, eye 
abnormalities) and multiple cutaneous hemangiomas with hepatic 
hemangiomas may have an orbital or eyelid hemangioma as the pre- 
senting finding. First-line treatment consists of oral propranolol 
1-3 mg/kg/day divided into 3 oral doses. Side effects include bradycar- 
dia, hypoglycemia, hypotension, somnolence, bronchospasm, and 
cough. Treatment initiation is done under medical supervision and 
care is taken to administer the medicine with feeds to limit the side 
effects. Topical timolol maleate may be used with minimal side effects 
for superficial skin lesions but is not effective in deeper or orbital 
lesions. A pulsed dye laser can also be used to treat the superficial 
lesions. Propranolol has replaced steroids, vincristine, and interferon 
alfa-2a due to the unacceptably high side effect profiles of these other 
medications and the very rapid regression of hemangiomas using 
propranolol. 

Lymphangiomas may cause proptosis. Most commonly these 
present in the 2nd or 3rd decade but may present in infancy. The size 
may increase with the onset of an upper respiratory infection. Lymph- 
angiomas are usually managed conservatively but short courses of 
steroids can be used. Rapid expansion may occur if bleeding into the 
lesion occurs. This may require surgical intervention if the pressure in 
the orbit is threatening damage to the optic nerve. 

Dermoid cysts are benign choristomas that arise from primitive 
dermal elements that develop in fetal suture lines. This tissue forms a 
keratinized epithelium cyst and includes hair follicles, sweat glands, 
and sebaceous glands. It most commonly occurs superotemporally in 
the zygomatic frontal suture but may be superonasal in the frontal- 
nasal suture. Imaging can be valuable in confirming the diagnosis and 
determining if the dermoid extends into the orbit. If the cyst ruptures, 
a marked inflammatory reaction ensues so removal is recommended 
prior to the child becoming very active, which increases the chances of 
the child rupturing the cyst traumatically. 

Malignant tumors of the orbit can rapidly enlarge, which make 
them difficult to differentiate from inflammatory and infectious 


causes. Rhabdomyosarcomas are the most common primary pediatric 
orbital tumor. Average age of onset is 5-7 years. Usually the tumor 
arises in the orbit but it can arise in the conjunctiva, eyelid, or uveal 
tissue. Patients present with rapidly progressing proptosis. Tumors 
need to be removed completely and chemotherapy or radiation may 
also be needed. 

Neuroblastoma is the most common metastatic orbital tumor of 
childhood. It usually arises from the adrenal gland or sympathetic 
ganglion chain, hence the association with acquired Horner syndrome. 
Unilateral or bilateral proptosis and eyelid ecchymosis are the classic 
presentations. Opsoclonus (rapid, multidirectional eye movements) is 
a paraneoplastic syndrome associated with neuroblastoma and is not 
related to orbital involvement. The mean age of diagnosis of orbital 
metastasis of neuroblastoma is 2 years. 

Other, less common orbital tumors in childhood are Ewing sarcoma, 
Burkitt lymphoma, leukemia, and Langerhans cell histiocytosis. Ewing 
sarcoma is the 2nd most common solid tumor metastatic to the 
orbit (after neuroblastoma). Orbital involvement occurs in 1-2% of 
children with leukemia and this must be differentiated from orbital 
infections. 


OCULAR MANIFESTATIONS OF SYSTEMIC DISEASE 
Neurologic Disease 


Ocular abnormalities frequently accompany neurologic disease, and 
their detection can help in the localization and diagnosis of a specific 
condition. Abnormal findings of pupillary reaction, decreased visual 
acuity, or decreased color vision can indicate abnormities of the optic 
nerve, which can be associated with other neurologic conditions. An 
afferent pupillary defect is an important finding that may signify 
unilateral optic nerve disease. The condition may be intrinsic to the 
optic nerve such as a glioma in neurofibromatosis type 1, extrinsic 
such as an orbital tumor, applying pressure on the nerve (Fig. 32.20), 
or inflammation of the optic nerve as seen with optic neuritis in 
multiple sclerosis, neuromyelitis optica, and acute demyelinating 


FIGURE 32.20 Left 3rd cranial nerve palsy. The boy has exotropia 
(top), limitation of adduction of his left eye (middle), and normal gaze 
to his left (bottom). 


FIGURE 32.21 Papilledema of the right optic nerve. 


encephalomyelitis (ADEM). Color perception and the visual acuity 
of the affected eye is usually reduced in comparison with that of the 
normal eye. The presence of an afferent pupillary defect necessitates 
a comprehensive eye examination and imaging studies of the orbit 
and brain. 

Optic nerve edema (Fig. 32.21) is a worrisome sign because of its 
association with conditions that cause increased intracranial pressure. 
The elevation of the optic nerve and blurring of the disk margins must 
be differentiated from optic nerve drusen, which can have similar clini- 
cal appearances. Papilledema, swelling of the optic nerve as a result of 
increased intracranial pressure, is almost always bilateral. Visual acuity 
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may be normal initially but decreases with chronic or severe optic 
nerve swelling. 

Strabismus of truly acute onset is most often incomitant and 
caused by paralysis of extraocular muscles innervated by the 3rd or 6th 
cranial nerves. Cranial trauma, brain tumors, and viral infections are 
the most common causes of acute, incomitant strabismus in children. 
A 6th nerve palsy is of less localizing value than a 3rd nerve palsy 
because of the more tortuous intracranial course of the 6th nerve. This 
nerve can be affected by direct pressure from a mass and indirectly by 
conditions that cause increased intracranial pressure. A patient with 
an acute 6th nerve paralysis typically has esotropia that increases when 
he or she gazes toward the affected side (see Fig. 32.8). The patient may 
have a compensatory face turn toward the side of the lesion to allow 
fusion and prevent diplopia. A 3rd nerve paralysis usually causes exo- 
tropia and hypotropia of the involved eye (see Fig. 32.20). There may 
also be ipsilateral ptosis and a dilated, nonreactive pupil. A general 
approach to an acquired diplopia is noted in Fig. 32.22. 

The neurocutaneous syndromes are a group of inherited disor- 
ders featuring multiple, discrete lesions of 2 or more organ systems, 
most commonly the skin and brain. These include neurofibromatosis, 
tuberous sclerosis, angiomatosis of the retina and cerebellum (von 
Hippel—Lindau disease), and encephalofacial or encephalotrigemi- 
nal angiomatosis (Sturge-Weber syndrome). Sometimes ataxia- 
telangiectasia, incontinentia pigmenti, and racemose angioma are 
included in neurocutaneous syndromes. Ocular involvement is 
common and may be a site of comorbidity or may serve as a marker 
for the overall condition. For example, Lisch nodules are benign tan, 
smooth-surfaced lesions on the iris surface that look somewhat gelati- 
nous seen in neurofibromatosis type 1. They are usually not present 
until 3 years and thereafter about 10% of patients develop Lisch 
nodules per year. They do not have malignant potential. Other ocular 
features of neurofibromatosis type 1 (NF-1) are plexiform neurofibro- 
mas of the eyelid that give the eyelid margin a sigmoid shape and cause 
a variable amount of ptosis, astigmatism, and possibly amblyopia. 
Glaucoma is a significant problem in patients with NF-1. It is usually 
unilateral and associated with an ipsilateral plexiform neurofibroma of 
the upper eyelid. This is generally managed surgically. Visual prognosis 
in patients who develop glaucoma is poor. 

Optic gliomas, such as low-grade pilocytic astrocytomas, have the 
potential to cause severe vision loss in patients with NF-1. The gliomas 
can involve 1 or both optic nerves as well as the optic chiasm. They are 
found prospectively in 15% of patients with NF-1 but cause visual 
symptoms such as vision loss or proptosis in only 1-5% of patients. 
Treatment of optic gliomas is reserved for lesions that are documented 
to be growing and causing visual morbidity, although it is difficult to 
determine which patients require treatment before vision loss occurs. 
NF-2 is much less common than NF-1 and involves primarily the 
acoustic nerves. Ocular involvement can consist of posterior lens opac- 
ities and hamartomas of the retina. 

Tuberous sclerosis is an autosomal dominant disorder localized to 
chromosome 9. In children with tuberous sclerosis, angiofibromas of 
the eyelids and retinal lesions known as astrocytic hamartomas can 
occur but rarely cause significant problems with vision. The retinal 
lesions are not pathognomonic of tuberous sclerosis, inasmuch as 
similar lesions have been reported in NF-1 and in unaffected 
individuals. 

Von Hippel—Lindau disease is autosomal dominant. Both benign 
and malignant tumors can occur in affected individuals as a result 
of a mutation in a tumor suppressor gene. Hemangioblastomas of 
the retina can produce a lipid exudate in the retina as a result of 
leakage from the thin vessel walls. This can lead to vision loss and 
ultimately a retinal detachment. Symptoms of vision loss do not 
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Does diplopia resolve when 
1 eye is occluded? 


NO YES 


Monocular diplopia Binocular diplopia 


Problem with contact 
lenses, spectacles, 


Is diplopia variable? 
Does diplopia worsen 
during the day? 


YES Suspect myasthenia 
gravis 


or eye 
May be psychogenic 


NO 


Suspect 3rd nerve 
Is there associated YES 


ptosis? 


palsy or 
myasthenia gravis 


Suspect thyroid 
myopathy 


Is there proptosis, YES 
lid edema, lid lag, 
or lid retraction? 


NO 


Is there a history of 
facial trauma? 


Are there associated 
neurologic signs? 


YES Suspect orbital 
fracture 


Suspect cranial neuropathy, 
internuclear ophthalmoplegia, 


YES 


skew deviation 
Suspect increased ICP 


FIGURE 32.22 General approach to diplopia. The clinician should 1st distinguish monocular from binocular 
diplopia and, in patients with binocular diplopia, address the 5 questions on the right side of the figure. Only 
then should the clinician identify which muscle is weak, although this is unnecessary if the clinician already 
suspects myasthenia (from fatigability) or full 3rd nerve palsy (from weakness of the medial rectus, superior 
rectus, inferior rectus, and inferior oblique muscles, with or without a dilated pupil). Uncommon causes of 
diplopia and associated ptosis, not presented in the figure, are botulism, the Fisher variant of Guillain-Barré 
syndrome, and aberrant regeneration of the 3rd nerve. Uncommon causes of diplopia and associated orbital 
findings (e.g., proptosis) are carotid-cavernous fistula (which causes an orbital bruit), orbital tumor, and 
pseudotumor. ICP, intracranial pressure. (From McGee S. Evidence-Based Physical Diagnosis. 3rd ed. Phila- 


delphia: Elsevier; 2012:522, Fig. 57-1.) 


occur until extensive leakage or retinal detachment occurs. More 
than 65% of lesions can be treated effectively with laser photocoagula- 
tion. Because lesions are most effectively treated prior to the devel- 
opment of symptoms, children known to have von Hippel—Lindau 
disease should have regular eye examinations beginning at the age 
of 5 years. 

Sturge-Weber syndrome is sporadic and ocular involvement is 
common. Abnormalities of the ocular circulation can occur when the 
eyelids are affected. These abnormalities range from increased con- 
junctival vascularity to angiomas of the choroid. Choroidal angiomas 
usually remain asymptomatic in childhood but can thicken in adoles- 
cence and cause degeneration of the overlying retina. Glaucoma is the 
most serious ocular complication and occurs in 70% of affected 
patients. Regular eye examinations in infancy are necessary to rule out 


glaucoma. Treatment of glaucoma associated with Sturge—Weber syn- 
drome may be difficult. Topical drops may be effective in initially 
lowering eye pressure but the patient may eventually require several 
surgeries 

Ataxia-telangiectasia syndrome is an autosomal recessive disorder. 
Oculomotor abnormalities may be early manifestations of this syn- 
drome. In 90% of patients, telangiectasia develops in the conjunctiva 
in children between the ages of 3 and 5 years. 

Incontinentia pigmenti syndrome is an X-linked dominant condi- 
tion in which proliferative retinal vasculopathy develops in about 30% 
of affected patients. The retinal changes can mimic ROP with incom- 
plete peripheral retinal vascularization. Retinal detachment can occur. 
Treatment includes laser photocoagulation or cryotherapy but these 
treatments have varying degrees of success. 


In Wyburn—Mason syndrome, a racemose angioma can develop in 
the retina with shunting of blood directly from arteries to veins. Vision 
can be normal or markedly reduced, depending on the location of the 
lesion. Treatment is not indicated for primary lesions. 


Dermatologic Disease 


Albinism is a heterogeneous group of genetic disorders resulting from 
absence of melanin in the eye, skin, or both. Clinically, albinism is 
divided into ocular and oculocutaneous forms. Oculocutaneous albi- 
nism (OCA) results from mutations in the tyrosinase gene (TYR) or 
OCAI gene. There are 2 subtypes and hair color can range from blond 
to light brown as the most prevalent type of albinism worldwide. 
Ocular albinism is autosomal recessive or an X-linked mutation in the 
OCA1 gene. Ocular albinism mainly affects pigmentation in the visual 
system and the most common ocular finding is iris transillumination, 
which may be observable in a darkened room by placing a penlight 
against the lower eyelid and noting the passage of light from both the 
pupil and the iris. Other frequent ocular findings are nystagmus, light 
fundus pigmentation (blonde fundus), and foveal hypoplasia. Visual 
acuity usually ranges from 20/40 to 20/400. The Chédiak—Higashi and 
Hermansky—Pudlak syndromes can manifest features of albinism. If 
either of these conditions is suspected, hematologic consultation is 
recommended because of the lethal nature of these forms of albinism. 
All patients with OCA are at an increased risk of skin cancer and 
should be counseled as such. 

Stevens-Johnson syndrome is an acute inflammatory condition 
affecting skin and mucus membranes. Drugs, particularly sulfonamide 
medications, are common precipitating factors. Microbial agents, 
especially Mycoplasma pneumoniae, have also been implicated in 
this condition. Ocular involvement, which occurs in half of the 
patients, consists of eyelid edema and ulceration, conjunctival injec- 
tion with vesicle formation and, in severe cases, conjunctival scar 
formation that may result in adhesions between the palpebral and 
bulbar conjunctiva (symblepharons). The severity of late ocular 
complications depends primarily on the extent of conjunctival 
involvement. Malposition of the eyelids with corneal irritation from 
inward-turned eyelashes (trichiasis) can occur from severe conjunc- 
tival scarring. The most serious complication is dry eye syndrome, 
caused by damage to the ducts of the lacrimal glands and oblitera- 
tion of conjunctival mucus-forming cells (goblet cells). Eyelid surgery 
may be required, and the child with a dry eye may face a lifetime 
of needing ocular lubrication from artificial tears and ointments. 
Aggressive lubrication during the acute phase of the disease is rec- 
ommended to keep tissues moist and prevent conjunctival adhesions. 
Treatments may include regular debridement of the fornices of the 
eye or placement of symblepharon rings or amniotic membranes 
in severe cases. 

Hyperkeratotic disorders such as lamellar ichthyosis can cause 
scaling of the eyelids, ectropion, lagophthalmos, and exposure kera- 
topathy. Although eyelid surgery may be required, the mainstay of 
treatment is ocular lubrication with artificial tears and ointments. 
Connective tissue disorders such as Marfan syndrome, Stickler syn- 
drome, Ehlers-Danlos syndrome, and pseudoxanthoma elasticum 
(PXE), are associated with particular ocular abnormalities. Patients 
with Stickler syndrome, Marfan syndrome, and Ehlers—Danlos syn- 
drome have myopic retinal degeneration and can develop retinal 
detachment. Lens subluxation is common in Marfan syndrome. Cracks 
in the Bruch membrane of the retina, known as angioid streaks, occur 
in 85% of patients with PXE and 70% of these patients experience 
vision loss from hemorrhage, extension into the macula, choroidal 
sclerosis and atrophy of the retinal pigment epithelium. Angioid 
streaks rarely occur before the 2nd decade of life. 


CHAPTER 32 Eye Disorders 


Skin disorders causing neoplasia such as juvenile xanthogranuloma 
can affect the eye, sometimes even in the absence of typical skin lesions. 
Ocular complications from juvenile xanthogranuloma occur most 
commonly in infants and consist of nodular tumors of the iris and 
ciliary body. The iris lesions have thin-walled vessels that are prone to 
bleeding and to causing a hyphema. Glaucoma and iridocyclitis can 
also occur. The iris lesions may respond to topical corticosteroids. 


Hematologic Disorders 


The hemoglobinopathies can have direct ocular consequences. 
Patients with hemoglobin SC or S thalassemia are more prone to 
retinal vascular occlusive disease because of a higher hematocrit and 
greater blood viscosity than are patients with hemoglobin SS, but 
retinal complications are frequently not seen until adolescence or early 
adulthood. Patients develop hemorrhages, angioid streaks, and arterial 
occlusions. Patients with sickle cell disease or sickle cell trait are at 
higher risk of complications of trauma, particularly hyphema. These 
patients may develop glaucoma, optic nerve damage and artery occlu- 
sion in this setting and require close monitoring. 

Leukemia in children is usually acute. All ocular structures may be 
affected by direct infiltration of leukemic cells, hemorrhage, or infec- 
tion. Conjunctival thickening, hypopyon, corneal ulcers, iris infiltrates, 
retinal hemorrhages, and neovascularization may occur. Infiltration of 
the optic nerve can be difficult to distinguish from papilledema sec- 
ondary to CNS relapse. Infectious processes may present with similar 
findings as leukemia and can be difficult to discern from leukemic 
infiltrates. Papilledema and intraocular infection are true emergencies 
as the findings not only threaten vision but also are highly correlated 
with CNS involvement. Prompt diagnosis and treatment is necessary. 


Congenital Heart Disease 


Eye disease can be related to congenital heart disease by association, 
which is not surprising because there is a temporal relationship 
between the embryogenesis of the heart and that of the eyes; an 
embryopathic insult may result in malformations of both systems. 
CHARGE syndrome, a constellation of Coloboma, Heart defects, 
choanal Atresia, Retardation, and Ear abnormalities is a result of a 
mutation in the CHD7 transcription regulator of tissue-specific genes. 
The effects are tissue and developmental stage dependent. Colobomas 
of the eyelid, iris, retina, choroid, and optic nerve occur. They are 
usually bilateral and the effects on vision are determined by the loca- 
tion of the coloboma. If the macula is involved the visual prognosis is 
poor. Congenital heart disease can be a cause of eye disease as a direct 
effect of complications such as cyanosis or systemic hypertension. 
Severe hypoxia can cause cortical visual impairment or damage to the 
optic nerve resulting in optic atrophy. 


Gastrointestinal Disorders 


Ocular manifestations of inherited metabolic abnormalities of the 
gastrointestinal system occur primarily in the cornea and retina. 
Wilson disease is an autosomal recessive disorder of copper metabo- 
lism. The excess copper is deposited in the liver, basal ganglia, cornea, 
and kidney. Liver damage, neurologic, and psychiatric disorders result 
at a young age. The deposition of copper in the Descemet membrane 
of the cornea is the Kayser—Fleischer ring, which is pathognomonic of 
the disease. Copper may also be deposited in the lens. The corneal 
deposition of copper is not generally symptomatic but lens deposition 
may adversely affect vision. 

Alagille syndrome, an autosomal dominant condition with intra- 
hepatic bile duct hypoplasia, is associated with a peripheral corneal 
finding known as posterior embryotoxon. This finding consists of 
thickening and anterior displacement of the Schwalbe line, which is 
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the peripheral extent of the Descemet membrane of the cornea. It can 
best be seen with a slit-lamp biomicroscope. Posterior embryotoxon 
occurs in more than 90% of patients with Alagille syndrome, but 
because it also occurs in 15% of normal individuals, it is not pathog- 
nomonic for this syndrome. 

Inflammatory bowel disease also can be associated with ocular 
disease. Anterior uveitis occurs in both Crohn disease and ulcerative 
colitis. Uveitis is diagnosed in almost half of cases of Crohn disease and 
fewer in ulcerative colitis. In turn, untreated chronic uveitis can lead to 
cataracts, glaucoma, and retinal edema. Conjunctivitis, keratitis, and 
retinal vasculitis are less frequent complications of these diseases. 


Genitourinary Disease 


Oculorenal syndromes may result from chromosomal abnormality 
syndromes or from inherited metabolic or developmental defects. The 
Wilms tumor gene WTI1 lies near the PAX6 gene locus on 11p13. A 
chromosomal deletion of both results in Wilms tumor and aniridia. A 
larger deletion may result in WAGR syndrome (Wilms tumor, sporadic 
Aniridia, Genitourinary malformations, and mental Retardation). Any 
child with nonfamilial aniridia is at risk for Wilms tumor and needs 
appropriate genetic evaluation. 

The Bardet—Biedl syndrome is an autosomal recessive disorder 
combining retinal dystrophy, polydactyly, obesity, renal abnormalities, 
and hypogenitalism. An electroretinogram may be the earliest means 
of detecting the cone-rod dystrophy in suspected cases. Visual acuity 
and the funduscopic appearance may be normal in early childhood. 
Vision may then decrease and pigmentary retinopathy, which appears 
around the age of 8 years, becomes more prominent with age. 

Cystinosis is also an autosomal recessive disorder of cystine trans- 
port from lysosomes that leads to intracellular accumulation of cystine 
in many tissues, including the eyes and kidneys. Cystine crystals accu- 
mulate in the anterior layer of the cornea beginning in the 1st year of 
life. This can cause photophobia, which can be severe. Retinal deposits 
of cystine can lead to focal degeneration of the retinal pigment epithe- 
lium. Frequent topical administration of cysteamine drops (6-12 times 
per day) can clear the cornea of cystine crystals and relieve ocular 
discomfort. 

Alport syndrome is an X-linked syndrome characterized by 
nephritis, hearing loss, and ocular signs, particularly of the lens. An 
“oil droplet” appearance can be seen in the pupil with an ophthalmo- 
scope. This represents an abnormality in the anterior capsule of the 
lens, anterior lenticonus, which can sometimes be associated with a 
cataract. Perimacular flecks are frequently present in the retina but do 
not tend to reduce visual acuity. 

The Lowe oculocerebrorenal syndrome is also an X-linked disor- 
der comprising congenital cataracts, intellectual disability, and renal 
tubular dysfunction. Glaucoma develops in a high proportion of 
affected boys and men. The carrier state can frequently be detected in 
girls and women by the appearance of numerous punctate opacities of 
the lens. 


Endocrine Disease 


Optic nerve hypoplasia is the most common congenital optic nerve 
anomaly. It can involve only a segment of the optic nerve. A superior 
segmental hypoplasia sometimes occurs in children of diabetic 
mothers. Optic nerve hypoplasia can occur with other CNS abnormali- 
ties. Patients with optic nerve hypoplasia may have septo-optic dyspla- 
sia, which denotes the absence of the septum pellucidum and agenesis 
of the corpus callosum or additional findings including pituitary 
abnormalities and cerebral hemisphere abnormalities. Evaluation of 
hypothalamic and pituitary functions is indicated in patients found to 
have pituitary abnormalities on imaging or if there is clinical suspicion 


of endocrine abnormalities such as neonatal jaundice, hypoglycemia, 
or difficulty with temperature control. 

Diabetes mellitus results in retinopathy at some point in nearly all 
persons with insulin-dependent type I diabetes. The prevalence of 
retinopathy is directly proportional to the duration of disease after 
puberty. It rarely occurs within 5 years of diagnosis, occurs in about 
50% of patients at 7 years after diagnosis, and is seen in 90% at 15 
years after diagnosis. Funduscopic signs of diabetic retinopathy are 
microaneurysms, retinal hemorrhages, cotton wool spots, and hard 
exudates. Proliferative diabetic retinopathy with neovascularization is 
uncommon in children. Intensive glucose control as monitored by 
hemoglobin A. decreases the incidence and progression of diabetic 
retinopathy. Diabetic cataracts caused by sorbitol accumulation in the 
lens are also complications of diabetes mellitus in children. Refractive 
changes such as myopia can occur with rapid rises in blood sugar 
because of osmotic changes in the lens. 

Thyroid ophthalmopathy related to Graves disease occurs in chil- 
dren much less frequently than in adults. It can be a cause of proptosis, 
lid edema, eyelid retraction, or restrictive strabismus due to lympho- 
cytic infiltration of the muscles. 


Infectious Diseases 


Intrauterine or maternally transmitted infections can cause tissue 
damage or malformation. The common types of congenital infections 
are the TORCH(S). The infectious agent, T. gondii, is acquired trans- 
placentally or postnatally and has particular affinity for the central 
nervous system, including the retina. Chorioretinitis and uveitis may 
occur and resolution leaves scarring. Reactivation can occur and thus 
serial eye examinations are necessary. The macula is commonly 
involved and vision can be quite poor. Intrauterine rubella infection 
has become a rarity in the United States because of immunization with 
the measles-mumps-rubella vaccine. A fetus infected transplacentally 
in the lst trimester of pregnancy is prone to multiple congenital 
defects, including heart disease, microcephaly with intellectual dis- 
ability, and deafness. Ocular sequelae include cataracts, glaucoma, and 
chorioretinitis. Cataracts may be unilateral. Permanent visual impair- 
ment despite cataract surgery is common in these children. Cyto- 
megalovirus (CMV) is the most common congenital infection in 
humans occurring in 1% of infants, although over 90% are asymptom- 
atic and may not require treatment. Ophthalmic manifestations 
include retinochoroiditis, optic nerve anomalies, microphthalmos, 
cataract, and uveitis. CMV retinitis can be acquired in children who 
are immunocompromised. 

Herpes simplex virus (HSV) may be acquired during passage 
through the birth canal or by close contact. Skin lesions on the eyelids 
(Fig. 32.23), keratoconjunctivitis, uveitis, or retinitis may occur. Acute 
retinal necrosis may occur in conjunction with CNS involvement. 
Keratitis is treated with topical antivirals, while systemic disease or 
retinitis is treated with oral or intravenous antiviral therapy. Con- 
genital syphilis may occur following maternal infection. Early eye 
involvement is rare and symptoms may occur as late as adolescence. 
Chorioretinitis appears as a salt-and-pepper granularity. Uveitis, glau- 
coma, or interstitial keratitis may occur. Affected children are treated 
with intravenous penicillin G and monitored until serologic tests 
become nonreactive or the titer has decreased 4-fold. 

Ophthalmia neonatorum is defined as conjunctival infection or 
inflammation occurring in the 1st month of life. Almost any bacterial 
pathogen can cause conjunctivitis in a newborn, but infection with 
Neisseria gonorrhoeae is of particular concern because it produces a 
hyperacute, profusely purulent conjunctivitis that can lead to corneal 
perforation and blindness. The US Preventative Services Task 
Force recommends prophylactic topical 1% tetracycline or 0.5% 
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FIGURE 32.23 Vesicular eruptions of the right lower eyelid and the 
right side of the nose, caused by primary herpes simplex infection. The 
cornea was not involved. 


FIGURE 32.24 Preseptal cellulitis in a young girl. The infection is 
confined to the space anterior to the superior and inferior orbital septa 
and does not involve the orbit. 


erythromycin ointment, administered within 24 hours after birth for 
prevention of gonococcal neonatorum. A 2.5% solution of povidone- 
iodine is used effectively and inexpensively in other countries but has 
not been approved for this use in the United States at this time. Chla- 
mydia trachomatis (also known as trachoma-inclusion conjunctivitis 
or TRIC) is a common cause of neonatal conjunctivitis and is acquired 
from an infected cervix during delivery. Because this organism can also 
cause pneumonia, systemic treatment with oral erythromycin is indi- 
cated for treatment. In a child presenting with ophthalmia neonato- 
rum it is important to obtain the history of whether prophylaxis has 
been given, particularly in cases of home births where this is unlikely. 
Fvaluation with Gram and Giemsa stains and bacterial cultures are 
indicated. Polymerase chain reaction (PCR) testing can be done for 
suspicion of HSV infection. Chlamydia can be diagnosed by culture, 
fluorescent antibody-staining techniques, or enzyme immunoassays. 
Preseptal cellulitis, defined as infection confined to the eyelid 
tissues anterior to the orbital septum, is a common infection in chil- 
dren and needs to be distinguished from infection involving the orbit 
(Fig. 32.24). Preseptal infections may result from trauma and insect 
bites involving the eyelids, severe conjunctivitis, primary bacteremia, 
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FIGURE 32.25 A subperiosteal abscess of the left orbit (top image). 
Note the limitation of upward movement of the left eye (middle image). 
The computed tomographic scan shows ethmoid sinusitis and a sub- 
periosteal abscess bowing the left medial rectus muscle laterally (bottom 
image; arrow). 


upper respiratory infection or they may spread to the eyelids from the 
paranasal sinuses. The affected eyelids are swollen and red, and the 
infection can spread further into the eyebrow, forehead, and cheek. 
Proptosis and limitation of eye movements do not occur in preseptal 
cellulitis, but confirmation of this can be problematic because of the 
difficulty of opening the eye. S. aureus, group A streptococcus, and S. 
pneumoniae are the most common pathogens. Patients with signs and 
symptoms of systemic toxicity should be hospitalized for intravenous 
antibiotics; milder cases of preseptal cellulitis may be managed with 
oral antibiotics as long as appropriate follow-up is ensured. 

Orbital cellulitis is an infection of the orbit that involves the tissues 
posterior to the orbital septum. Most frequently, this is a result of 
spread of infection from the ethmoid or frontal sinuses. Ocular signs 
include eyelid edema and erythema, proptosis, and inferior and lateral 
displacement of the globe with limited eye movements. Ocular move- 
ment is painful; visual activity may be reduced. If orbital cellulitis is 
suspected, computed tomography of the orbit and sinuses is indicated. 
Children younger than 9 years are more likely to have an infection 
caused by a single aerobic pathogen, whereas children older than 9 
years may have complex infections with multiple pathogens. Often, 
orbital cellulitis begins as a subperiosteal abscess that forms in the 
potential space between the periorbital (analogous to the periosteum 
of long bones) and the orbital bones (Fig. 32.25). Left untreated, this 
space-occupying mass can apply pressure to the optic nerve and cause 
permanent damage to vision. It can also spread into the intracranial 
space and result in a cavernous sinus thrombosis, a subdural empyema, 
or cerebral abscess. Systemic toxicity is quite common and severe with 
orbital cellulitis. Most children younger than 9 years who have small 
to medium-sized subperiosteal abscesses can be treated successfully 
with broad-spectrum intravenous antibiotics (ceftriaxone and vanco- 
mycin, ampicillin/sulbactam, or piperacillin/tazobactam). Close obser- 
vation with periodic checks of vision and pupillary function is 
important in the Ist 24-48 hours of treatment. Older children, those 
with large subperiosteal abscesses, and children who fail to respond to 
intravenous antibiotics within 48 hours require surgical drainage of 
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the abscess. Emergency drainage is indicated in a patient of any age 
where there is compromise of the optic nerve. 


NYSTAGMUS 


Nystagmus is defined as an involuntary rhythmic, to-and-fro move- 
ment of the eyes. Horizontal nystagmus is the most common form of 
nystagmus, but vertical nystagmus and torsional nystagmus also occur 
(Table 32.18). Nystagmus may be congenital or acquired. Gaze posi- 
tions can affect the eye movement. Congenital nystagmus is somewhat 
of a misnomer because the abnormal eye movements are generally not 
noted until an infant is 1 or 2 months of age, when the fixation reflex 
becomes established. Non-nystagmus eye movements are noted in 
Table 32.19. 

Congenital motor nystagmus is often idiopathic; in this case, visual 
acuity is only moderately impaired, and the fundus examination find- 
ings and the electroretinogram are normal. Usually an affected indi- 
vidual will have a null point or a preferred position in which the eye 
movements are minimized. This may affect the head position as the 
patient tries to keep the eyes in the null point. In patients with con- 
genital motor nystagmus there is often dampening or quieting of the 
nystagmus with convergence. Vision may be quite good (20/40 or 
better) in the patients preferred gaze and head position. Sometimes 
surgery is done on the eye muscles to move them into a position such 


TABLE 32.18 Specific Patterns of Nystagmus 


Pattern Description 
Latent nystagmus 
Manifest latent nystagmus Fast jerk to viewing eye 


Periodic alternating 


Seesaw nystagmus 
and extorts 


Retraction nystagmus 
Gaze-evoked nystagmus 


Gaze-paretic nystagmus 
Downbeat nystagmus Fast-phase beating downward 
Upbeat nystagmus Fast-phase beating upward 
Vestibular nystagmus 

Asymmetric or monocular nystagmus Pendular vertical nystagmus 


Spasmus nutans Fine, rapid, pendular nystagmus 


Conjugate jerk nystagmus toward viewing eye 


Cycles of horizontal and horizontal-rotary 
movements that change direction 

One eye rises and intorts as other eye falls 

Eyes jerk back into orbit or toward each other 


Jerk nystagmus in direction of gaze 


Eyes jerk back to maintain eccentric gaze 


Horizontal-torsional or horizontal jerks 


that the head is straighter. A family history of nystagmus can frequently 
be ascertained. 

Congenital sensory nystagmus occurs with disorders that impair 
normal image formation (bilateral congenital cataracts) or image pro- 
cessing in both eyes (a retinal dystrophy or bilateral optic nerve atrophy 
or hypoplasia). Eye movements may be searching and there is no null 
point. Visual acuity is more severely impaired than in idiopathic con- 
genital nystagmus (20/200 or less), and visual loss may be progressive 
in some instances. The evaluation of a child with congenital nystagmus 
entails a thorough health and family history, a general physical exami- 
nation, and an eye examination by an ophthalmologist with expertise 
in pediatric eye disorders. A cranial magnetic resonance imaging scan 
is indicated when the hallmark signs of congenital motor nystagmus 
such as a null point and dampening of nystagmus on convergence are 
not yet identifiable and there are no eye findings to suggest a specific 
pathology such as cataract. Electroretinography, visual evoked poten- 
tials (VEPs), or optical coherence tomography (OCT) may be useful 
in establishing a specific diagnosis. 

Acquired nystagmus is less common than congenital nystagmus. 
Nystagmus that is truly acquired beyond the 1st few months of life is 
of concern and may represent a significant neurologic abnormality. It 
may be caused by central nervous system disorders, particularly of the 
cerebellum, brainstem, or suprasellar region. In children, the most 
common tumor causing acquired nystagmus is a craniopharyngioma. 


Associated Conditions 

Congenital vision defects, occurs with occlusion of eye 
Strabismus, congenital idiopathic nystagmus 

Caused by both visual and neurologic conditions 


Usually associated with optic chiasm defects 


Caused by pressure on mesencephalic tegmentum 
(Parinaud syndrome) 


Caused by medications, brainstem lesion, or labyrinthine 
dysfunction 


Cerebellar disease 

Posterior fossa disease, drugs 

Brainstem and cerebellar disease, and some visual conditions 
Vestibular system dysfunction 

Disease of retina and visual pathways 

Torticollis, head nodding; idiopathic or gliomas of visual pathways 


TABLE 32.19 Specific Patterns of Non-Nystagmus Eye Movements 


Pattern Description 


Opsoclonus 


Ocular dysmetria Overshoot of eyes on rapid fixation 


Ocular flutter 


Ocular bobbing 
seconds, then drift back 
Ocular myoclonus 
synchronous nonocular muscle movement 


Multidirectional conjugate movements of varying rate and amplitude 


Horizontal oscillations with forward gaze and sometimes with blinking 
Downward jerk of eyes from primary gaze; eyes remain for a few 


Rhythmic to-and-fro pendular oscillations of the eyes, with 


Associated Conditions 


Hydrocephalus, diseases of brainstem 
and cerebellum, neuroblastoma 


Cerebellar dysfunction 


Cerebellar disease, hydrocephalus, or 
central nervous system neoplasm 


Pontine disease 


Damage to red nucleus, inferior olivary 
nucleus and ipsilateral dentate nucleus 


Vertically oriented nystagmus is also of concern; it may be associated 
with the Arnold-Chiari malformation or with pharmacologic agents 
such as lithium, tranquilizers, or anticonvulsants. 

Spasmus nutans is a special form of acquired nystagmus with onset 
in the 1st 2 years of life. The usual triad of findings consists of nystag- 
mus (often a shimmering type of nystagmus that is frequently asym- 
metric or even monocular), head nodding, and torticollis. This form 
of nystagmus is generally benign and disappears by the age of 3-4 years. 
In some cases, spasmus nutans can be associated with chiasmal or 
suprachiasmal or retinal dystrophies. Neuroradiologic investigation is 
indicated. 

Opsoclonus is a special form of eye movement abnormality that is 
not truly nystagmus in that the bizarre, seemingly random oscillations 
of the eyes are not rhythmic and are frequently multivectorial. The 
most common cause of opsoclonus in children is acute cerebellar 
ataxia. The child presents with “dancing eyes and dancing feet.” Op- 
soclonus can occur also with occult neuroblastoma, as a paraneoplastic 
phenomenon, viral encephalitis, and hydrocephalus. 


OCULAR TRAUMA 


Trauma is a major cause of acquired visual loss in children. Ninety 
percent of trauma cases are preventable and 50% occur in the home. 
The nature of the traumatic injury varies by age but there is a persistent 
male preponderance. In school-aged children, sports-related injuries 
are the most common cause of ocular injury accounting for 25% of 
hospitalizations. There is some effort to reduce injuries by legislation. 
For instance, the incidence of eye injuries from ice hockey are almost 
zero since the institution of mandatory face masks in children playing 
organized hockey. Projectile injuries from firearms, air guns, and 
fireworks are relatively frequent in the United States, however, these 
injuries are very rare in countries without easy access to guns or 
fireworks. 

The extent of the eye examination is determined by the child’s level 
of cooperation. If the circumstances of the injury suggest a high likeli- 
hood of a perforating injury (from a sharp object that could go through 
the cornea or sclera), the eye should not be forced open but rather, 
should be covered with a protective shield to prevent further injury 
until the child can be seen by an ophthalmologist and an exam under 
anesthesia can be done if necessary. If a perforating injury is considered 
unlikely (a blunt or scratching type of injury), a sterile, topical oph- 
thalmic anesthetic agent can be applied to the eye to reduce surface 
pain, which is a major cause of the child’s reluctance to open the eye. 
The eye can then be inspected for foreign bodies or corneal abrasion. 
Fluorescein dye may be of help in diagnosing a corneal abrasion. The 
fluorescein may have linear pattern of staining that suggests a foreign 
body may be on the tarsal conjunctiva under the upper eyelid and 
during an eye blink the cornea is being abraded. Lid eversion is needed 
to investigate this possibility. The inferior fornix should also be 
inspected for foreign bodies. 

Corneal or conjunctival foreign bodies can sometimes be irrigated 
out of the eye. Otherwise the foreign body may be removed at a slit 
lamp using topical anesthesia if the patient is cooperative. If not, the 
patient will require anesthesia. Management of a corneal abrasion 
entails relief of pain, prevention of infection, and promotion of healing 
of the corneal epithelium. Ibuprofen or similar analgesics are usually 
sufficient for pain relief. Topical anesthesia, while used in the office, 
should not be used at home as it prevents epithelial healing and can 
be toxic to the cornea with longer-term use. A drop of a cycloplegic 
agent (cyclopentolate) may provide comfort by relieving ciliary spasm. 
Application of a topical antibiotic ointment such as erythromycin 
helps prevent infection and provides lubrication to the ocular surface 
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to allow the new epithelium to form and adhere to the basement 
membrane of the cornea. Patching the eye has not been shown to be 
of benefit. Close follow-up is indicated to make sure that the cornea is 
healing and has not developed an infection that could lead to a corneal 
ulcer. Most abrasions heal completely within 24-48 hours. 


Hyphema 


Any child with blunt trauma to the eye should be evaluated for blood 
in the anterior chamber of the eye, known as a hyphema (Fig. 32.26). 
The visual acuity of the injured eye should be measured as possible. 
The anterior segment and pupillary function should be assessed if the 
hyphema only partially fills the anterior chamber. Funduscopy should 
be attempted to look for associated retinal hemorrhage, edema (Fig. 
32.27), or detachment. The view of the retina may be obscured by 


Hemorrhage into vitreous 


Retinal 
hemorrhage 


Hyphema 


| Subretinal 


hemorrhage 


Retinal edema 


FIGURE 32.26 Various types of ocular hemorrhage after blunt trauma 
to the globe. (From Reilly BM. Practical Strategies in Outpatient Medi- 
cine. 2nd ed. Philadelphia: WB Saunders; 1991:68.) 


FIGURE 32.27 Hemorrhage and edema of the retina from blunt ocular 
trauma (commotio retinae). 
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blood. If necessary, ultrasound can be used to determine if the retina 
is attached. Usually the blood will resolve if the patient can limit his 
or her activity. The complications of hyphema include glaucoma, 
corneal blood staining, and rebleeding. The glaucoma may be managed 
initially with topical medications but the blood may need to be washed 
out of the anterior chamber surgically if the intraocular pressure 
cannot be controlled, blood is not resolving, or corneal blood staining 
is severe and threatening vision. 


Eye Injuries in Child Abuse 


In cases of child abuse, the presenting sign may involve the eye. Ocular 
injuries are also detected in the course of examining many other child 
abuse injuries. Blunt injuries to the eyelids and anterior segment of the 
eye from fingers, fists, or belts may cause eyelid ecchymosis, subcon- 
junctival hemorrhage, hyphema, cataract, and lens dislocation. The 
finding of such an injury should alert the physician to the possibility 
of child abuse. Abusive head trauma is caused by forceful acceleration 
and deceleration motion such as shaking, which results in subdural 
hemorrhage and retinal or vitreous hemorrhages (Fig. 32.28). The 
vitreous is adherent to the retina and the traction of the moving vitre- 
ous results in multiple retinal hemorrhages, often in all layers of the 
retina. In severe cases, the optic nerve may be avulsed. Vitreous or 
retinal hemorrhage may take a long time to resolve and the child is at 
risk for amblyopia during the time the vision is obscured by blood. In 
cases of persistent hemorrhage, a vitrectomy may need to be done to 
clear the blood in the visual axis. Cortical brain damage also has a role 
in limiting visual function. Fewer than half of the patients diagnosed 
with abusive head trauma with retinal or vitreous hemorrhage see 
better than 20/40 after recovery. 


Functional Vision Loss 


Some patients complain of vision loss or blurring or other visual dis- 
turbances (seeing spots, colors, or patterns) while the eye exam is 
normal. Functional visual disturbances occur most commonly in girls 
of ages 8-15 years. The key to confirming functional vision loss is to 
demonstrate objective findings that indicate better vision than the 
subjective responses. The patient's responses to visual acuity testing are 
frequently inconsistent. Stereoacuity testing may demonstrate better 
visual acuity than the patient is reporting. There are several examining 
techniques that the ophthalmologist can employ to get this informa- 
tion. There are also objective tests available to further delineate etiolo- 
gies of possible vision loss; however, these are rarely needed. These 
include imaging tests such as OCT, fluorescein angiogram, electro- 
retinogram (ERG), or VEPs. The relationship of functional vision loss 


FIGURE 32.28 Gross pathologic specimen from an infant who died of 
shaken baby syndrome. Note the diffuse retinal hemorrhages. 


to true psychologic disease is unclear but it is worth keeping in mind 
that there is a higher incidence of functional vision loss in children 
who are experiencing psychologic stressors. Some children willfully 
complain of vision loss because they want glasses. The treatment 
should consist of reassurance. It may be of benefit to refer the patient 
to a psychiatrist if the symptoms do not subside. 


VISUAL COMPLAINTS FROM CHILDREN 


Frequently, a child is brought to the pediatrician because of a subjective 
visual complaint from the child rather than because of an abnormality 
observed by a parent. Symptoms associated with reading are common 
and include seeing blurred print, words “swimming” together, and 
skipping words or lines. Other children complain primarily of blurred 
distance vision. Uncommon visual phenomena may include seeing 
colored lights, objects appearing larger or smaller, seeing spots, and 
double vision. Eye pain localized to 1 or both eyes is also common. 
There may be physiologic explanations for each of the complaints, and 
the child is usually interested in an explanation of the reason proposed 
for his or her complaint. A careful history of the exact nature of the 
complaint and any associated concerns should be sought and a screen- 
ing eye examination performed. Specifically, distance and near visual 
acuity should be measured in each eye. A cover test or stereopsis test 
rules out manifest strabismus. An external eye examination may reveal 
a reason for eye pain (conjunctival injection, tearing, corneal abrasion, 
foreign body). Pupillary reactions should be assessed. Funduscopy 
should be done to evaluate optic nerve and retinal status. A color vision 
test may be helpful. Having the child read an age-appropriate passage 
may reveal information about the child’s reading ability and the 


TABLE 32.20 Concerning Symptoms and 
Signs That Should Raise Red Flags 


Symptom or Sign Most Worrisome or Urgent Cause 


Leukocoria Retinoblastoma 


Cranial nerve palsy from brain tumor, TICP 


Acute onset of strabismus 
Acute vision loss Compression or infiltration of optic nerve by 


an orbital or intracranial lesion 


Proptosis 

Sudden onset of ptosis 
severe headaches 
Black eye 

Light sensitivity 

Head tilt or turn 


Loss of corneal luster 


Purulent conjunctivitis in a 
newborn 


Acquired anisocoria 


Bilateral cataracts in a 
newborn 

Retinal hemorrhage in an 
infant or toddler 

Onset of nystagmus after 
early infancy 


Rhabdomyosarcoma 

3rd nerve palsy from tumor, TICP 

Wee 

Trauma with associated hyphema 

Uveitis 

Cranial nerve palsy causing strabismus, 
TICP 

Corneal edema from glaucoma or uveitis 

Gonococcal infection 


Horner syndrome caused by neuroblastoma, 
TIGE 
Galactosemia 


Shaken baby syndrome 


Brainstem or posterior fossa tumor 


TICP, increased intracranial pressure. 


severity of the reading complaint. If the examination is normal, simple 
reassurance may ease the concerns of the child and parent, particularly 
if combined with an offer to follow up on the complaint if it persists 
or if the parent notes objective changes in the child’s eyes. If difficulty 


CHAPTER 32 Eye Disorders 


reading persists despite correction of any refractive error and an oth- 
erwise normal eye exam, the child may have learning disabilities that 
warrant further evaluation. Behavioral vision therapy has not been 
proven to improve reading skills, learning disabilities, or dyslexia. 


Ocular manifestations of vision loss, strabismus, and nystagmus may 
be caused by isolated ocular pathologic processes or by significant 
systemic disease. Vision screening and basic evaluations done in 
the pediatrician’s office are important for detection of vision loss. 
Impaired visual function resulting from strabismus, cataracts, or other 
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conditions may produce amblyopia and blindness. It is important to 
detect amblyopia because in most cases, amblyopia is reversible if 
discovered early and treated appropriately. Symptoms and signs that 
suggest potentially life- or vision-threatening diseases are listed in 
Table 32.20. 
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SECTION 7 Musculoskeletal Disorders 


Arthritis 


James Nocton and Dominic Co 


INTRODUCTION 


Although children with musculoskeletal complaints may present with 
what appears to be an isolated, localized problem, complaints involving 
the musculoskeletal system (e.g., arthralgia, myalgia, joint swelling, 
poorly localized extremity pain, limping, refusal to walk) may be asso- 
ciated with a long list of potential illnesses. Children or their parents 
rarely arrive in the clinic with a complaint of arthritis or patellofemoral 
syndrome. Instead, they have symptoms such as extremity pain, joint 
swelling, or limitations of activity and function. These children may 
have chronic inflammatory arthritis or an associated systemic rheu- 
matic disease, a traumatic condition, a mechanical problem, or a pain 
syndrome, among other possible explanations. 

The differential diagnosis of extremity pain is extensive (Table 
33.1). For many of these diagnoses, the history and physical examina- 
tion are sufficient to confirm a diagnosis; for others, specific laboratory 
tests or imaging studies will confirm a suspected diagnosis. Musculo- 
skeletal symptoms may indicate pathologic processes localized and 
restricted to a single extremity or joint, or localized symptoms may be 
a component of a systemic illness. 

Arthritis is a specific sign indicating objective inflammation of the 
joint, and can be defined as (1) swelling of the joint or (2) limitation 
of motion combined with 1 of the following: pain on motion, tender- 
ness, or warmth. Arthritis should be distinguished from arthralgia 
(Table 33.2), bone pain, myalgia, and neuralgia, because if arthritis is 
present, the diagnostic possibilities are limited to more specific catego- 
ries of disease (Fig. 33.1). Arthritis is not a specific disease; there are 
infectious, postinfectious/reactive, hematologic, metabolic, oncologic, 
and rheumatic causes of arthritis. The precise diagnosis is determined 
by Ist establishing the characteristics of the arthritis with respect to 
the number and location of joints involved, severity, degree of dis- 
ability, and chronicity. The clinician combines these characteristics 
with the history and the pattern of any associated systemic signs and 
symptoms to determine the specific cause of arthritis. 


$ History 


Although the parents and child are usually the principal historians, it 
is often helpful to determine whether other adults have seen signs or 
have been aware of the child’s symptoms. Have daycare providers 
reported problems to the parents? Has the school staff, coach, or phys- 
ical education teacher noticed any problems similar to those seen at 
home? Obtaining consistent information from several observers in 
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different settings determines the frequency and consistency of the 
symptoms, how disabling the symptoms have been, and the reliability 
of the history. Adolescents have a tendency to either underreport or 
overreport their symptoms, making the history especially challenging 
within this age group. If there are inconsistencies, it becomes increas- 
ingly difficult to formulate a diagnosis, and information from the 
physical examination, along with potential laboratory and imaging 
studies, may be needed to resolve the inconsistencies. 


Pain Location 


There are several possible sources of extremity pain (Fig. 33.2). Pain 
directly over a joint or joints may indicate synovial inflammation, 
arthralgia secondary to viral infection, or mechanical joint problems 
such as ligament trauma, meniscal tears, or hypermobility. Pain near a 
joint may represent disease in the muscle, bone, tendon, enthesis 
(tendon insertion sites), or bursa, or may be referred from a nearby 
joint. Pain may involve a whole limb or limbs, or isolated regions 
thereof, in which case it may reflect neuropathy, myalgia, or a regional 
pain syndrome. On occasion, children complain of pain “all over,’ 
which may suggest diffuse myalgia related to a systemic infection, or 
if chronic, a myofascial pain syndrome. Intense pain localized to a 
single small area is seen with infection, trauma, fracture, or tumor. 
Migrating arthritis or arthralgia is more suggestive of diagnoses such 
as acute rheumatic fever or immune complex—mediated disease, and 
is less consistent with trauma, tumors, osteomyelitis, or septic arthritis, 
with the exception of septic arthritis secondary to Neisseria gonor- 
rhoeae infection. 


Pain Character 


Arthritis is an aching discomfort that is usually not severe enough to 
cause crying or screaming. Some children with arthritis may not com- 
plain of pain at all. Very severe pain should increase the suspicion of 
a pain syndrome or bone disease such as osteomyelitis, leukemia, meta- 
static neuroblastoma, fracture, or bone tumors. Sporadic episodes of 
extreme pain interspersed with pain-free intervals are seen with pain 
syndromes such as growing pains, myofascial pain, and complex 
regional pain syndrome, or in situations in which psychogenic and 
behavioral factors contribute to the pain. With some pain syndromes, 
children often rate their pain as 10 on a scale of 0-10 and also may 
state that the pain is constant. Some patients may demonstrate “la belle 
indifference,’ an incongruity between their affect and their complaint; 
they may be smiling or laughing while they are describing the presence 
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(See Nelson Textbook of Pediatrics, p. 1162.) 


TABLE 33.1 


Rheumatic and Inflammatory Diseases 
Juvenile idiopathic arthritis 


systemic lupus erythematosus 
Juvenile dermatomyositis 
Polymyositis 

Polyarteritis nodosa 
scleroderma 

Sjögren syndrome 

Behcet disease 

Overlap syndromes 
Granulomatosis with polyangiitis 
Microscopic polyangiitis 
Sarcoidosis 

Kawasaki disease 
Henoch—Schonlein purpura 
Chronic recurrent multifocal osteomyelitis 


Infectious Illnesses 
Bacterial arthritis (e.g., Staphylococcus aureus, Streptococcus pneumoniae, 
Kingella kingae, Neisseria gonorrhoeae, Haemophilus influenzae) 


Lyme disease 


Viral illness (e.g., parvovirus, rubella, mumps, Epstein—Barr virus, hepatitis B, 


Chikungunya fever) 
Fungal arthritis 
Mycobacterial infection 


Hematologic Disorders 
Hemophilia 
Hemoglobinopathies (including sickle cell disease) 


Immunodeficiencies 
Hypogammaglobulinemia 


Immunoglobulin A deficiency 
Human immunodeficiency virus 
Common variable immunodeficiency 


Congenital and Metabolic Disorders 
Gout 


Pseudogout (calcium pyrophosphate dihydrate crystal deposition disease) 
Mucopolysaccharidoses 

Glycogen storage diseases 

Thyroid disease (hypothyroidism, hyperthyroidism) 

Hyperparathyroidism 


Vitamin C deficiency (scurvy) 


Vitamin D deficiency (rickets) 


Hereditary connective tissue disease (Marfan syndrome, Ehlers—Danlos 
syndrome) 
Fabry disease 


Farber disease 
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Conditions Causing Arthritis or Extremity Pain 


Orthopedic Disorders 
Trauma 


Patellofemoral syndrome 

Hypermobility syndrome 

Osteochondritis dissecans 

Avascular necrosis (including Legg—Calvé—Perthes disease) 
Hypertrophic osteoarthropathy 

Slipped capital femoral epiphysis 

Osteolysis 

Benign bone tumors (including osteoid osteoma) 
Histiocytosis 


Neuropathic Disorders 
Peripheral neuropathies 


Carpal tunnel syndrome 
Charcot joints (neuropathic osteoarthropathy) 


Neoplastic Disorders 
Leukemia 


Neuroblastoma 

Lymphoma 

Bone tumors (osteosarcoma, Ewing sarcoma) 
Histiocytic syndromes 

Synovial tumors 


Reactive Arthritis 
Acute rheumatic fever 


Postinfectious 

Serum sickness 

Transient synovitis of the hip 
Postimmunization 


Pain Syndromes 
Fibromyalgia 

Growing pains 

Depression (with somatization) 
Anxiety 

stress 

Complex regional pain syndrome 
Myofascial pain syndromes 


Miscellaneous Disorders 
Pigmented villonodular synovitis 


Plant-thorn synovitis (foreign body arthritis) 
Myositis ossificans 

Eosinophilic fasciitis 

Tendonitis (overuse injury) 

Raynaud phenomenon 

Erythromelalgia 


Arthritis 
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TABLE 33.2 Distinguishing Characteristics 
of Arthritis and Arthralgia 


Arthritis 
Prominent swelling 


Arthralgia 

Minimal or no swelling 
Morning stiffness No morning stiffness 
Symptoms improve with activity Symptoms are exacerbated by activity 
stiffness follows rest Pain constant or improves with rest 
Limited range of motion 
Warmth of joint 


symptoms usually daily, 
consistent 


Normal or excessive range of motion 
No warmth 


symptoms variable, constant, or 
intermittent 


HISTORY AND PHYSICAL EXAMINATION 


ARTHRITIS 


Common 
Septic arthritis 
Reactive arthritis 
Rheumatic disease 


NO ARTHRITIS 


Common 
Orthopedic or 
traumatic disorder 
Viral illness 
Pain syndrome 


Uncommon 
Malignancy 
Benign bone lesion 
Metabolic disease 


Uncommon 
Malignancy 
Metabolic disease 
Hemophilia 


FIGURE 33.1 Algorithm for determining the cause of extremity pain 
based on the presence or absence of arthritis. 


Muscle: Joint space: 
inflammation joint infection 
(myositis) 


Tendon 
Synovial 
membrane: 
synovitis 
(rheumatoid 
arthritis) 


Localized site Enthesis: 
(bursitis) enthesopathy 
Cartilage: (ankylosing 
cartilage Joint space: spondylitis) 
degeneration Joint microcrystalline 
(osteoarthritis) capsule arthritis (gout) 


FIGURE 33.2 Location of musculoskeletal disease processes by site, 
pathophysiologic process, and typical disease (parentheses). (From 
Fries JF. Approach to the patient with musculoskeletal disease. In: 
Wyngaarden JB, Smith LH, Bennett JC, eds. Cecil Textbook of Medi- 
cine. 19th ed. Philadelphia: WB Saunders; 1992:1488.) 


of excruciating discomfort. Sharp, radiating, or throbbing pain is very 
unusual for arthritis and suggests an alternative explanation such as 
neuropathic pain, trauma, or psychogenic pain. 


Pain Timing 


Arthritis usually causes consistent patterns of discomfort. Symptoms 
are present daily, though with day-to-day variability in severity. 


Stiffness or pain-related discomfort occurs on awakening in the 
morning or after other periods of inactivity, such as prolonged sitting 
in class or taking a long car ride. The stiffness may last for hours, but 
generally improves with activity during the day. Some forms of arthri- 
tis, such as Lyme arthritis or enthesitis-related arthritis, may be more 
episodic. Lyme arthritis classically causes symptoms for days to weeks, 
usually in a single knee, interspersed with periods of improvement. 
Enthesitis-related arthritis can cause sudden increases in swelling and 
discomfort of 1 or more joints for several weeks to months at a time, 
followed by gradual spontaneous improvement. 

Discomfort that occurs with activities and improves with rest is 
more suggestive of mechanical pain such as that associated with patel- 
lofemoral syndrome, hypermobility, tendonitis, overuse, or muscle 
strain. Affected children do not have significant symptoms in the 
morning or after naps, and these conditions are generally not associ- 
ated with signs of significant inflammation such as warmth, prominent 
swelling, or limited range of motion. 

Nocturnal pain that wakes children from sleep may be seen in 
potentially serious conditions such as leukemia, bone tumors (includ- 
ing benign tumors such as osteoid osteoma), or infections, but may 
also occur with benign conditions such as growing pains, muscle 
cramps, or behaviorally mediated pain. Children with benign causes 
of pain tend to lack systemic symptoms, are well during the day, and 
have normal physical examination findings, whereas those with more 
serious illnesses typically have additional symptoms to suggest the 
diagnosis. 


Pain Acuity 


Most chronic arthritis is insidious, and affected children often have 
symptoms for weeks to months before they seek medical attention. If 
the onset is sudden and severe, the evaluation should focus on exclud- 
ing diagnoses that require urgent treatment, such as trauma, fracture, 
septic arthritis, or osteomyelitis. Acute rheumatic fever, reactive arthri- 
tis, and viral-associated arthritis or myositis may also manifest 
suddenly. 

Children who describe having extremity pains “for years” often 
have mechanical causes of their discomfort such as hypermobility syn- 
drome or patellofemoral syndrome, psychogenic or behavioral causes 
of pain, or other relatively benign conditions such as growing pains. It 
is very rare for such children to have an unrecognized arthritis. 


Signs of Inflammation 


The swelling and warmth of arthritis are often apparent to the child 
and parents. Exceptions may include the shoulder and hip, in which 
the joints are too deep for these signs to be visible, and the spinal, 
temporomandibular, and sacroiliac joints, in which the articular sur- 
faces are small in relation to the surrounding soft tissues. In these areas, 
physical examination may reveal tenderness or limitation of motion in 
the absence of reported signs of inflammation. 


Disability 

The chief complaint may often be a disability such as limping, trouble 
climbing stairs, or difficulty writing. Some children will have associated 
pain and signs of inflammation, whereas others have little or no dis- 
comfort and it may be that they or their family have simply noticed a 
decrease in functional ability. 

If the chief complaint is the disability, it is helpful to localize the 
source of the disability to the joint, the bones, the muscles, or the 
nerves. Muscle or nerve disease manifests primarily as weakness, 
although some children with sensory neuropathies or myositis, par- 
ticularly acute viral myositis, will also have pain. Dermatomyositis and 
polymyositis cause symmetric proximal weakness in the upper and 
lower extremities. The characteristic symptoms are difficulties 


climbing stairs, rising from the floor, taking the big step onto a bus or 
into the family minivan, and washing or combing the hair, as well as 
fatigue and poor endurance. Isolated lower extremity or asymmetric 
weakness should increase suspicion of neurologic disease. 

Disabilities from arthritis are caused by limited range of motion or 
discomfort in the joint rather than weakness. Limping, particularly in 
the mornings, toe-walking because of inability to extend the knee or 
Achilles tendon, and having difficulty running and jumping are seen 
with lower extremity arthritis. The child with hand or wrist arthritis 
has difficulty opening bottles, turning doorknobs, manipulating 
buttons or snaps on clothing, and gripping pencils or utensils. 


Medical History 


Numerous genetic syndromes and metabolic diseases are associated 
with arthritis and arthropathy (see Table 33.1). Endocrine disorders 
such as diabetes, hyperparathyroidism, and hypothyroidism are associ- 
ated with arthropathy, periosteal inflammation, and muscle weakness, 
respectively. Arthritis is more frequent in patients with psoriasis and 
inflammatory bowel disease. Bone pain is common in hemoglobinopa- 
thies such as sickle cell disease. Cystic fibrosis and other chronic pul- 
monary diseases increase the likelihood of painful hypertrophic 
osteoarthropathy: the clinical triad of arthritis, digital clubbing, and 
ossifying periostitis of the long bones. Arthritis or arthralgia may occur 
after viral diseases or immunization, particularly with immunization 
against rubella and hepatitis B, presumably secondary to immune 
complex deposition in the joint. 


Medications 


Medications may directly cause symptoms, either via serum sickness- 
like reactions or swelling related to anaphylaxis. Response to medica- 
tions may also provide further insight into the etiology of arthritis. 
In most children, an adequate dose of nonsteroidal antiinflammatory 
drugs (NSAIDs) improves the discomfort of arthritis to some degree. 
In rheumatic fever, NSAIDs often result in dramatic improvement 
in symptoms. Conversely, the patient who continues to have severe 
pain despite adequate doses of antiinflammatory and analgesic medi- 
cation is more likely to have an infection, a fracture, a tumor, or 
psychogenic pain. 


Family History 

For some diseases, a positive family history increases the likelihood 
that other individuals in the family have that disease, but the genetics 
of the rheumatic diseases are complex, and none of the genetic associa- 
tions are strong enough to confirm or eliminate a diagnosis solely on 
the basis of the family history. Within the rheumatic diseases, the family 
history is most helpful when diagnostic possibilities include enthesitis- 
related arthritis, psoriatic arthritis, or lupus. Ankylosing spondylitis, 
reactive arthritis, or inflammatory bowel disease in the family increases 
the likelihood that the child’s arthritis is related to 1 of these entities. 
The presence of the human leukocyte antigen (HLA)-B27 in these 
family members may increase the likelihood of enthesitis-related arthri- 
tis in the child. Approximately 30% of patients with lupus will have a 
Ist-degree relative affected by lupus. Less common familial illnesses 
that may cause rheumatic complaints include familial Mediterranean 
fever, mucopolysaccharidoses, hemophilia, and muscular dystrophies. 
A family history of adults with osteoarthritis or other forms of degen- 
erative arthritis is generally not helpful, since these entities are relatively 
common and very rarely relevant to a child’s joint symptoms. 


Social History 

Determining the extent to which the problem has limited usual activi- 
ties helps to gauge the severity of the problem. Has the child missed 
school because of their symptoms? Has the child been able to 
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participate in physical education, organized sports, or other physical 
activities such as dancing, swimming, and gymnastics? Is the older 
child participating in social activities with friends? In some instances, 
the limitations are directly related to discomfort or disability from 
arthritis, but school absences and the discontinuation of sports and 
social activities may also be secondary to depression or psychogenic 
pain. It is helpful to ask the parents whether the child’s mood or per- 
sonality has changed recently and whether there have been any recent 
known psychosocial stressors such as problems at school or with 
friends or discord within the family. Chronic pain syndromes in chil- 
dren are frequently associated with a history of psychosocial stress as 
well as depression. 

Travel history is important in considering Lyme disease because 
the causative agent, the spirochete Borrelia burgdorferi, is transmitted 
by the bite of a deer tick that has a restricted geographical distribu- 
tion. Lyme arthritis characteristically causes episodic joint effusions 
in 1 or several large joints, most commonly the knee. A small per- 
centage of patients develop chronic arthritis. In the United States, 
endemic regions include the northeast (Connecticut, Rhode Island, 
and Massachusetts), mid-Atlantic (Long Island, New York City 
suburbs, New Jersey, southeastern Pennsylvania, Delaware, and Mary- 
land), and the upper Midwest (parts of Minnesota and Wisconsin). 
Although these endemic areas may be gradually expanding, a child 
who has not traveled to these areas is unlikely to have Lyme disease. 
Arthritis may be the only symptom of Lyme disease, and may not 
appear until up to 2 years after the tick bite; a history of the classic 
rash (erythema migrans) is helpful but not necessary for a diagnosis 
of Lyme disease. 


Review of Systems 

Constitutional Symptoms 

Some rheumatic diseases, including several forms of childhood arthri- 
tis, are systemic illnesses and cause fevers, poor appetite, weight loss, 
and fatigue. The absence of these symptoms helps eliminate specific 
illnesses as diagnostic possibilities. When fevers are present, establish- 
ing the pattern of fever is important. Systemic juvenile idiopathic 
arthritis (JIA) typically produces 1 or 2 high temperature spikes each 
day, with many afebrile hours in between (Fig. 33.3). More persistent 
fevers tend to be seen with infections or Kawasaki disease. A periodic 
fever pattern, in which fevers occur for several days, followed by 
weeks without fever, is seen in familial Mediterranean fever, cyclical 
neutropenia, the syndrome of periodic fever, aphthous stomatitis, 
pharyngitis, and adenopathy (PFAPA), and other autoinflammatory 
syndromes. Systemic lupus erythematosus (SLE), vasculitis, rheumatic 
fever, serum sickness, inflammatory bowel disease, sarcoidosis, leu- 
kemia, and neuroblastoma may cause fevers associated with arthritis 
or extremity pains. These illnesses do not cause specific patterns of 
fever. 

A decline in appetite is common in many arthritides, though when 
associated with documented weight loss may indicate more severe or 
systemic illness. Although most children with JIA do not have signifi- 
cant appetite changes, those with systemic JIA may have substantial 
appetite and growth disturbances. Severe polyarticular JIA may cause 
some appetite changes and mild weight loss. Children with Crohn 
disease or ulcerative colitis, both of which are often accompanied by 
abdominal pain and diarrhea, may demonstrate poor appetite and 
failure to thrive. SLE, vasculitis, scleroderma, malignancies, and chronic 
infections such as tuberculosis are additional causes of significant 
weight loss. An increase in weight should raise the suspicion of hypo- 
thyroidism or fluid retention. 

Fatigue is common with any systemic illness, and it may be present 
in systemic or polyarticular JIA, SLE, hypothyroidism, rheumatic fever, 
and chronic pain syndromes. The clinician should attempt to 
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FIGURE 33.3 Pattern of high, intermittent fever in a 3-year-old girl with systemic juvenile idiopathic arthritis 
(JIA). Most febrile spikes in this patient occurred in the late evening to early morning hours and were accom- 
panied by a systemic JIA rash. (From Cassidy JT, Petty RE, Laxer RM, et al., eds. Textbook of Pediatric 
Rheumatology. 6th ed. Philadelphia: Elsevier; 2011:238.) 


distinguish between generalized fatigue and specific muscle weakness. 
The presence of proximal muscle weakness, often associated with 
fatigue and poor endurance, is characteristic of polymyositis and 
dermatomyositis. 


Skin Changes 


Systemic JIA is nearly always accompanied by evanescent pink or 
salmon-colored macules, often a few centimeters in diameter or 
smaller but sometimes coalescing to form larger patches (Fig. 33.4). 
These may be generalized or localized to the trunk or extremities. 
The macules are usually not pruritic, appear with the fever spikes, 
and may resolve completely when the fever is absent. Sometimes 
parents do not notice the rash because of its fleeting nature. Acute 
rheumatic fever is associated with a specific rash, erythema margin- 
atum, in only approximately 5% of cases. Erythema marginatum is 
also a fleeting rash, changing in distribution over time, and consists 
of erythematous patches with serpiginous borders that tend to migrate, 
usually over the trunk and proximal extremities. Because of their 
changes in distribution, families often confuse both of these rashes 
with urticaria. The malar rash of SLE is a fixed, erythematous, 
nonblanching patch over the cheeks and nasal bridge that tends to 
spare the nasolabial folds. SLE may also cause vasculitic rashes, as 
well as nonspecific erythematous macular or papular lesions. Vasculitic 
rashes consist of palpable purpura and can sometimes be ulcerative. 
The characteristic skin lesions in dermatomyositis are pathognomonic: 
a heliotrope rash is a purpuric discoloration of the upper eyelid, 
often accompanied by edema (Fig. 33.5); Gottron papules are erythe- 
matous plaques or papules that appear on the extensor surface of the 
metacarpophalangeal and proximal interphalangeal joints of the hands 
(Fig. 33.6). These are sometimes scaly and can be confused with 


psoriasis or eczema, were it not for the distribution. Lesions similar 
to the Gottron papules occasionally also appear on the extensor sur- 
faces of the elbows and knees and over the medial malleoli at the 
ankle. In addition, erythematous patches may appear on the shoulders, 
chest, or face, where the appearance can cause confusion with the 
malar rash of SLE. 

Erythema migrans occurs in up to 80% of cases of Lyme disease, 
days to weeks after the tick bite. The lesion expands, beginning as a 
small papule and then forming a large erythematous, circular patch, 
usually at least 5 cm in diameter and often with some clearing in the 
center to produce a target-like appearance (Fig. 33.7). If Lyme disease 
is left untreated, the lesion usually lasts for several weeks and then 
gradually resolves. If dissemination occurs, some individuals develop 
multiple secondary lesions that appear similar to the primary lesion. 

The history of other types of rashes or skin lesions may suggest 
other diagnoses. Measles and parvovirus infections, for example, have 
characteristic rashes. Petechiae may be seen with SLE, vasculitis, 
immune thrombocytopenia, or leukemia. Pallor or cyanosis of the 
digits, hands, and feet in association with cold temperature suggests 
Raynaud phenomenon, which is most often seen in those with no 
underlying systemic illness, but may be associated with several rheu- 
matic diseases, most notably SLE and scleroderma. Scleroderma 
causes tightening, thickening, and the development of a waxy texture 
to the skin, and it frequently begins on the hands, feet, and face. A 
history of photosensitivity is suggestive of SLE. 


Additional Symptoms 

Questioning the parents about cognitive difficulties, including declin- 
ing school performance or memory loss, helps screen for the possibility 
of subtle central nervous system involvement that may be associated 
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FIGURE 33.4 Systemic juvenile idiopathic arthritis rash, a salmon- 
colored, macular rash that is nonpruritic. The individual lesions are 
transient, appear in crops, and may be in a linear distribution after minor 
trauma such as scratching the surface of the skin (Koebner phenome- 
non). (From Cassidy JT, Petty RE, Laxer RM, et al., eds. Textbook of 
Pediatric Rheumatology. 6th ed. Philadelphia: Elsevier; 2011:238.) 


FIGURE 33.5 Heliotrope discoloration and violaceous suffusion with 
edema of the upper eyelids in acute dermatomyositis. (From Cassidy 
JT, Petty RE, Laxer RM, et al., eds. Textbook of Pediatric Rheumatol- 
ogy. 6th ed. Philadelphia: Elsevier; 2011:384.) 


with SLE or vasculitis. Seizures or frank psychosis may also occur in 
these illnesses. Alopecia is frequently seen with SLE and may also occur 
with hypothyroidism. Ocular symptoms, such as pain or redness of the 
eye, may occur with uveitis. Acute anterior uveitis (involving the iris 
and/or ciliary body) can be seen with reactive arthritis and enthesitis- 
related arthritis. Chronic anterior uveitis is most common with oligo- 
articular JIA and is usually asymptomatic. Sarcoidosis in children is 
usually associated with posterior uveitis, although anterior uveitis also 
occurs. Ulcerations of the nose or hard palate may be present with SLE. 
Aphthous ulcerations can be seen with inflammatory bowel disease 
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FIGURE 33.6 Symmetric, scaly, erythematous papules over the meta- 
carpopharyngeal and proximal interphalangeal joints of the hand in 
acute dermatomyositis. (From Cassidy JT, Petty RE, Laxer RM, et al., 
eds. Textbook of Pediatric Rheumatology. 6th ed. Philadelphia: Elsevier; 
2011:385.) 
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FIGURE 33.7 Erythema migrans. Lesions begin as red macules that 
expand to form large rings that often have a typical “bulls-eye” appear- 
ance. (From Cassidy JT, Petty RE, Laxer RM, et al., eds. Textbook of 
Pediatric Rheumatology. 6th ed. Philadelphia: Elsevier; 2011:582.) 


and Behcet disease. Frequent sinusitis is often a manifestation of gran- 
ulomatosis with polyangiitis. 

Pleuritic chest pain that is worse when the patient lies supine and 
improves with sitting up and leaning forward may represent pericar- 
ditis, which can be seen in systemic JIA and SLE. Dysphagia suggests 
esophageal dysmotility, which may occur with inflammatory myopa- 
thies and scleroderma. Asking whether the child needs to cut food into 
small pieces, needs to drink an unusual amount of fluid with meals, 
or takes a long time to complete a meal are helpful ways of assessing 
dysphagia. Abdominal pain, vomiting, and diarrhea are nonspecific, 
but if severe or associated with melena or hematochezia, suggest 
Henoch-Schonlein purpura (HSP), inflammatory bowel disease, poly- 
arteritis nodosa with vasculitis of the intestine, or the rare intestinal 
vasculitis associated with dermatomyositis. Testicular pain is seen with 
some forms of vasculitis, particularly HSP and polyarteritis nodosa. A 
history of recurrent genital and oral ulcerations is highly suggestive of 
Behcet disease. Peripheral edema, sacral edema, or periorbital edema 
may be present with illnesses causing glomerulonephritis, such as SLE 
and some of the vasculitides. 


® Physical Examination 


Observing the child ambulate or explore the examination room pro- 
vides a sense of the severity of the illness and the degree of disability. 
Particularly with young, fearful children, this period of observation 
may give a better sense of the range of motion or the degree of dis- 
comfort in the joints than the formal examination, when the child may 
be uncooperative. 

The examination begins by reviewing the vital signs. Fever, espe- 
cially in the child with arthritis or localized extremity pain, may suggest 
an infectious process. Tachycardia may be caused by fever, anxiety, 
pericarditis, or myocarditis. Tachypnea suggests the presence of cardiac 
or pulmonary disease and hypertension increases the suspicion of 
renal disease. 

In any child with joint complaints, it is important to examine all of 
the joints because arthritis may be detected in joints that have not had 
symptoms. The neck and the joints of the upper extremities are best 
examined with the child in a sitting position. Children with inflamma- 
tion in the joints of the cervical spine usually have limitations in exten- 
sion, lateral flexion, and rotation. This is tested by asking the child to 
look up at the ceiling, touch each ear to the ipsilateral shoulder, and 
touch the chin to each shoulder. 

Arthritis of the temporomandibular joint is common with polyar- 
ticular JIA and might easily be overlooked. Children with chronic 
arthritis of these joints develop micrognathia and often retrognathia 
as a result of delayed mandibular growth. The oral opening is often 
decreased, and there may be pain with opening and closing of the jaw, 
and tenderness to palpation directly over the joint. 

Shoulder arthritis is identified by detecting limited range of motion 
and pain with motion. With the upper arm abducted to 90 degrees and 
the elbow flexed to 90 degrees, the clinician can then rotate the upper 
arm superiorly and inferiorly (external and internal rotation of the 
humerus, respectively), noting any limitation or pain. Alternatively, the 
patient can be asked to abduct and extend the arm, reaching behind 
the head to touch the contralateral scapula, and then to adduct and 
extend the arm, reaching behind the back and upward, again touching 
the contralateral scapula. The acromioclavicular joints and the sterno- 
clavicular joints are occasionally affected by arthritis and should be 
palpated, noting any swelling or tenderness. 

In the elbow, arthritis often produces detectable swelling and 
warmth. Elbow extension and flexion should also be tested, along with 
supination of the forearm and hand. Many children can normally 
hyperextend their elbows, and the degree of extension is variable; 
therefore, it is helpful to compare the range of motion of each elbow 
to the contralateral side. 

The wrists are inspected for swelling and palpated for warmth and 
tenderness. Many children with wrist arthritis develop swelling on the 
dorsal aspect of the wrist that may be fairly large but is usually non- 
tender. Extension tends to be more limited than flexion in wrist arthri- 
tis, and radial deviation tends to be more limited than ulnar deviation. 
Children with arthritis frequently complain of pain or withdraw their 
arm with maneuvers to test flexion and extension of the wrist. 

The metacarpophalangeal (MCP) joint and the proximal interpha- 
langeal (PIP) and distal interphalangeal (DIP) joints should be indi- 
vidually palpated, and any swelling, tenderness, or warmth should be 
noted (Fig. 33.8). The examiner should flex and extend the MCP joints, 
looking for limitations. To test the range of motion of the PIP and DIP 
joints, the child should try to supinate the hand and flex all of the 
digits, attempting to touch the fingertips to the palm. To examine the 
Ist MCP and thumb interphalangeal joint, the child should try to 
touch the tip of the thumb to the base of the 5th finger. Grip strength 
is determined by having the child tightly squeeze 2 of the clinician’s 
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FIGURE 33.8 The joints of the wrists and hands of a 2-year-old boy 
are swollen, warm, and painful with limited extension of the fingers. 
(From Cassidy JT, Petty RE, Laxer RM, et al., eds. Textbook of Pediatric 
Rheumatology. 6th ed. Philadelphia: Elsevier; 2011:221.) 


fingers. Arthritis of the wrist or any of the small joints of the hand 
decreases grip strength. 

The child should next lie in a supine position, either in the parent’s 
lap or on the examination table so that the lower extremities can be 
examined. Each hip is taken through its range of motion, beginning 
with flexion by trying to bring the knee as close to the chest as possible. 
Any pain or limitation is noted. With the hip and knee each flexed to 
90 degrees, internal and external rotation are tested by keeping the 
knee in a fixed position and turning the lower leg laterally and medially, 
thereby rotating the femur. The hip and knee are extended back to a 
neutral supine position and abduction is tested. With the child in the 
prone position, the examiner evaluates hip extension by placing a hand 
on the child’s ipsilateral iliac crest and lifting the child’s thigh posteri- 
orly with the knee extended. Hip arthritis most often causes limitations 
with internal rotation and extension, usually in association with pain 
in the inguinal area. 

The knee is inspected for effusions and other obvious deformities. 
Palpation of the knee assesses for warmth, a common finding in knee 
arthritis, synovial swelling, or an effusion. Applying pressure in the 
suprapatellar area with 1 hand while palpating on either side of the 
patella with the other allows for the detection of effusions more readily 
because this forces excessive joint fluid that has accumulated in the 
suprapatellar area into the synovial space. Small effusions may be 
detected by eliciting a bulge sign. This is done by milking the medial 
and lateral depressions around the patella superiorly in an effort to 
push the fluid into the suprapatellar space and then gently pushing 
either medially or laterally just superior to the patella. This releases the 
fluid back into the synovial space, causing the area medial to the patella 
to bulge out. The popliteal fossa should be palpated, because fluid 
within the knee joint tends to track posteriorly as it accumulates, pro- 
ducing fullness in the popliteal fossa and sometimes a frank cyst, 
identical to the Baker cysts seen in adults with rheumatoid arthritis. 

Palpating around the edges of the patella causes pain in many 
adolescents with patellofemoral syndrome (also known as chondro- 
malacia patellae), a common cause of knee pain in active adolescents. 
In another maneuver that elicits pain in this syndrome, the patient 
relaxes the quadriceps muscles while the examiner pushes the patella 
inferiorly. While the examiner maintains pressure on the patella, the 
patient contracts the quadriceps. In patients with patellofemoral syn- 
drome, pain elicited by this maneuver is referred to as a positive 


patellar apprehension test, while a grinding sensation felt by the 
examiner constitutes a positive patellar grind sign. The tibial tubercle 
and patellar tendon should be inspected and palpated for swelling and 
tenderness associated with Osgood-Schlatter disease and patellar ten- 
donitis, respectively. 

Flexing and extending the knee tests range of motion. Most young 
children can touch their heel to their buttocks and hyperextend the 
knee. The examiner can detect subtle limitations in extension by stand- 
ing at the foot of the table and lifting the heels of the child off the table 
as the child holds his or her legs fully extended. If 1 knee is limited 
with extension, the patella on that side may be slightly more 
elevated. 

Swelling in the ankles is often best seen when inspecting and palpat- 
ing the posterior aspect of the ankle, where fullness on either side of 
the Achilles tendon may be appreciated between the tendon and the 
malleoli. Warmth is common with ankle arthritis. Testing range of 
motion in the ankle should include both the tibiotalar ankle joint and 
the subtalar talocalcaneal joint. Cupping the heel with 1 hand and 
using the other hand to grasp the forefoot allows the examiner to move 
the forefoot superiorly (dorsiflexion) and inferiorly (plantar flexion). 
The hand cupping the heel is rocked laterally and medially to check 
inversion and eversion associated with motion at the subtalar joint. 
Holding the heel firmly with a cupped hand and gently rotating the 
forefoot with the other hand tests the joints of the midfoot. Each of 
the metatarsophalangeal joints is palpated along with each of the toes. 
The toes are inspected for the presence of swelling. The plantar fascia 
and the Achilles tendon are palpated, and any tenderness or swelling 
is noted. 

The child should stand so that the examiner can evaluate the back. 
The sacroiliac joints are palpated, any tenderness is noted, and the child 
is asked to keep the knees extended and bend forward, touching the 
hands to the ground if possible. The lumbar spine should curve 
forward normally without flattening. The modified Schober measure- 
ment, which reveals whether the lumbar spine flexes normally, is done 
by marking the lumbar spine at a point where a horizontal line con- 
necting the dimples of Venus intersects the spine. Then the examiner 
measures 10 cm above and 5 cm below that spot while the child is 
standing. When the child bends forward, the distance between the top 
and bottom marks should increase to at least 21 cm as the vertebral 
bodies separate during flexion. A shorter distance suggests limitation 
in mobility of the spine and potential spondylitis. Scoliosis is detected 
by noting any asymmetric elevation of the shoulder and upper back 
while the child bends forward. 

Hypermobility is a very common cause of pain associated with 
sports and other activities; it tends to improve with rest. Hypermobil- 
ity, patellofemoral syndrome, frequent ankle sprains, and pes planus 
are frequently seen together. The hypermobile child or adolescent can 
hyperextend the knees and elbows, appose the thumb to the forearm 
while flexing the wrist, hyperextend the MCP joints so that the digits 
are parallel to the forearm when the wrist is extended, and easily put 
the palms flat on the floor while bending forward from a standing 
position with the knees locked. Extreme hypermobility is seen in some 
individuals with Ehlers—Danlos syndrome or Marfan syndrome. 

Myofascial pain syndromes are associated with the presence of 
trigger points, exquisitely tender, well-localized points often detected 
in the following locations: the occiput, trapezius muscles, medial 
borders of the scapula, upper outer quadrant of the buttocks, the 2nd 
cervical space anteriorly, the 2nd costochondral space just distal to the 
lateral epicondyle on the forearm, the greater trochanter in the proxi- 
mal leg, and the medial aspects of the knees. Their presence in the older 
child with diffuse pain, fatigue, and difficulty sleeping is highly sugges- 
tive of a myofascial pain syndrome. 
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Proximal muscle strength testing should be performed in any 
patient complaining of weakness or fatigue. The deltoids, biceps, 
triceps, psoas, quadriceps, and hamstrings are tested. Neck flexor weak- 
ness is common in dermatomyositis and polymyositis and is tested by 
having the child lie supine and lift only his or her head. Most children 
are able to lift and keep the head elevated, even if asked to resist pres- 
sure from the examiner’s hand against the forehead. To test proximal 
leg strength, the child rises from a sitting position on the floor. Muscle 
atrophy should be noted. Chronic knee arthritis or hip disease leads to 
atrophy of the ipsilateral quadriceps. Similarly, ankle arthritis causes 
the gastrocnemius to atrophy; wrist arthritis leads to wasting of the 
forearm muscles; and elbow contractures cause atrophy of the triceps 
muscle. Atrophy is easily overlooked, and it is sometimes helpful to 
measure the circumference of the thigh, calf, or upper arm to detect 
asymmetry. 

The skin and mucous membranes should be examined carefully, as 
there may be clues to the presence of systemic disease (Table 33.3). 
Systemic JIA, SLE, acute rheumatic fever, and dermatomyositis are 
associated with characteristic rashes. Petechiae or palpable purpura 
suggests vasculitis. Nodules are seen with acute rheumatic fever and 
some forms of JIA. Thickening and tightening of the skin, particularly 
over the distal extremities and face, are often present in scleroderma. 
Nasal or palatal ulcers suggest SLE, whereas aphthous ulceration may 
be seen with inflammatory bowel disease or Behcet disease. Alopecia, 


TABLE 33.3 Skin Manifestations of 
Rheumatic Disease 


Physical Finding Possible Disease 


Petechiae, purpura Vasculitis (if palpable) 
Leukemia 
Meningococcemia 
Other infections 


SUE 


Inflammatory bowel disease 
Streptococcal infection 
Sarcoidosis 

Drugs 

Tuberculosis 

Fungal infection 


Erythema nodosum 


Gottron papules Dermatomyositis 


Alopecia SLE, hypothyroidism 
Calcification Dermatomyositis, scleroderma 
Subcutaneous nodules Polyarticular JIA, rheumatic fever 


Oral ulcers 


SLE, Behçet disease, inflammatory bowel disease, 
reactive arthritis 


Genital ulcers Behçet disease 


Digital ulcers Vasculitis, SLE, scleroderma 
Tight, thickened skin 


Livedo reticularis 


Scleroderma 


Antiphospholipid syndrome, SLE, cutaneous 
polyarteritis nodosa 


Nail dystrophy or pits Psoriasis 


Edema SLE, vasculitis, scleroderma, eosinophilic fasciitis, 


serum sickness, Henoch—Schonlein purpura 
Desquamation Kawasaki disease, scarlet fever 
Cyanosis Raynaud phenomenon, hypertrophic 


osteoarthropathy 


JIA, juvenile idiopathic arthritis; SLE, systemic lupus erythematosus. 


either localized or diffuse, may be apparent to the examiner without 
being recognized by the patient. The presence of peripheral or perior- 
bital edema increases the suspicion of glomerulonephritis. 


® Laboratory Studies 


Laboratory testing should be considered when the diagnosis is unclear 
or when there is a suspicion of life- or limb-threatening disease such 
as leukemia, septic arthritis, or osteomyelitis. Laboratory testing alone 
does not establish a diagnosis of JIA. Tests frequently seen in “arthritis 
panels” such as those for antinuclear antibody (ANA), rheumatoid 
factor (RF), erythrocyte sedimentation rate (ESR), and C-reactive 
protein (CRP) are not specific for arthritis. However, if arthritis is 
detected on physical examination, laboratory testing aids in classifying 
the specific type of arthritis that is present. 

A complete blood count (CBC) with manual differential is useful 
as a means of decreasing the suspicion of an acute infection or leuke- 
mia, which may manifest with bone or joint pain or even frank arthri- 
tis. A normal CBC is reassuring, but it is also helpful to compare the 
platelet count to the ESR. Because platelets are an acute-phase reactant, 
their number should increase as the ESR increases. A normal or low 
platelet count in a child with markedly elevated ESR increases the 
suspicion of leukemia. 

An elevated peripheral white blood cell (WBC) count is often 
present with septic arthritis or osteomyelitis, but it is neither sensitive 
nor specific enough to change the diagnostic impression formulated 
after the history and physical examination. In systemic JIA, the WBC 
count may be markedly elevated at 20,000 WBCs/mm?’ or greater, 
the hemoglobin may be as low as 6 or 7 mg/dL, and the platelet 
count is typically significantly elevated. For many of the other inflam- 
matory diseases that are associated with arthritis or extremity pain, 
a mild to moderate normocytic anemia as well as a mild thrombo- 
cytosis are common. SLE may demonstrate anemia, leukopenia, and 
thrombocytopenia. 

The ESR is helpful when the physical examination is inconclusive 
regarding the presence or absence of an inflammatory condition. In 
uncooperative or obese children, it may be difficult to detect small 
effusions or subtle limitation in the range of motion. In these instances, 
an elevated ESR increases the suspicion of arthritis, although a normal 
ESR does not rule it out. In children who clearly have rheumatic disease 
or infection, the ESR is not diagnostically useful, but it may be used to 
monitor disease activity over time. 

Urinalysis is an excellent screen for glomerulonephritis, which may 
occur in patients with vasculitis or SLE. Proteinuria or red blood cell 
casts suggest renal involvement. The creatinine level is elevated with 
renal insufficiency. Severe proteinuria leads to hypoalbuminemia, 
though hypoalbuminemia without proteinuria may also be seen in 
systemic JIA. Kawasaki disease is associated with sterile pyuria. 

Serum aminotransferases are elevated in patients with hepatitis and 
occasionally in patients with SLE. In those with myositis, elevated 
aminotransferases, usually with the asparate aminotransferase (AST) 
elevated out of proportion to the alanine aminotransferase (ALT), 
often occurs concomitantly with increased creatine kinase, lactate 
dehydrogenase, and aldolase levels. 


Antinuclear Antibody 


The ANA test is a sensitive screen for SLE because it is positive in more 
than 95% of patients who also usually have high ANA titers, typically 
with values of 1:640 or higher. Lower ANA titers, usually in the range 
of 1:40-1:160, are seen in children with JIA, healthy children, or those 
with cross-reactive antibodies in the setting of a recent infection. The 
frequency of ANA positivity varies in the different forms of JIA. The 
pattern of the ANA is rarely helpful. Homogeneous and speckled 


SECTION 7 Musculoskeletal Disorders 


patterns are the most common and are not specific for any particular 
illness. A peripheral or “rim” pattern is usually associated with anti- 
double-stranded DNA (anti-dsDNA) antibodies and is more specific 
for SLE. A nucleolar pattern suggests the presence of anti—Scl-70 anti- 
bodies, which may be seen in patients with scleroderma. 

The ANA test is not specific and should not be ordered unless there 
is a strong suspicion of SLE or an overlap syndrome. It is not sensitive 
enough or specific enough to be diagnostically helpful for other dis- 
eases. A positive ANA finding is present in many asymptomatic healthy 
children, and in children with viral illnesses, other infections, other 
rheumatic and inflammatory diseases, and in relatives of those with 
autoimmune illnesses. 


Rheumatoid Factor 


The rheumatoid factor (RF) test is not diagnostic. Only 5% of children 
with JIA have a positive RF result, and this usually occurs in teenagers 
with adult-like polyarticular disease. RF is an immunoglobulin M 
antibody directed against immunoglobulin G. In children with poly- 
arthritis, the presence of RF is a poor prognostic factor; these children 
have a high likelihood of developing chronic, erosive arthritis. A posi- 
tive test result for RF can be seen with other illnesses associated with 
the formation of immune complexes, including rheumatic diseases 
such as SLE or vasculitis, and with infectious diseases such as bacterial 
endocarditis, infectious mononucleosis, and hepatitis B or C. It should 
not be ordered, and will not be helpful diagnostically, in individuals 
who do not have polyarthritis based on the history and physical 
examination. 


Additional Antibody Testing 


If the history and physical examination findings are suggestive of SLE, 
additional autoantibody testing is helpful (Table 33.4). Anti-dsDNA 
antibodies and anti-Smith antibodies are highly specific for SLE. Anti- 
ribonucleoprotein (anti-RNP) antibodies may be seen in patients with 
SLE, and when present in isolation (without anti-dsDNA and anti- 
Smith antibodies), suggest mixed connective tissue disease, which has 
clinical features that are often a combination of those seen with SLE, 
dermatomyositis, and scleroderma. Anti-Sj6gren syndrome type A 
(anti-SSA [also known as anti-Ro]) and anti-Sjogren syndrome type 
B (anti-SSB [also known as anti-La]) antibodies are occasionally seen 
in patients with SLE but are not specific. They are seen in Sjögren 
syndrome, an illness producing chronic inflammation of the salivary 
and lacrimal glands and resulting in xerostomia and xerophthalmia. 

Anticardiolipin antibodies, 1 of several antiphospholipid antibod- 
ies, may be present in SLE, but they are also seen in asymptomatic 
individuals and in those with the antiphospholipid antibody syn- 
drome, in which clinical manifestations are restricted to the complica- 
tions of the hypercoagulable state associated with these antibodies. 
These complications include venous and arterial thromboses and 
recurrent spontaneous abortions. Many patients with SLE have a false- 
positive Venereal Disease Research Laboratory (VDRL) test result 
because this is also a test for antiphospholipid antibodies. A positive 
direct Coombs test result, indicative of an autoimmune hemolytic 
anemia, is common in patients with SLE, although rarely is the hemo- 
lysis clinically significant. 

Granulomatosis with polyangiitis (GPA) and the other antineutro- 
phil cytoplasmic antibody (ANCA) associated vasculitides are the only 
types of vasculitis that can be diagnosed with confidence on the basis 
of serologic testing. Antiproteinase 3 antibodies, previously identified 
as cytoplasmic-staining or c-ANCA, are 95% sensitive and specific for 
GPA. The antimyeloperoxidase antibody (corresponding to peripheral- 
staining or p-ANCA) is much less specific; it is present with other 
vasculitides and a variety of infectious and inflammatory illnesses. 


TABLE 33.4 


Test 


Antinuclear antibody 
(ANA) 


Anti—double-stranded 
DNA (dsDNA) 


Anti-Smith (Sm) 
Anti-SSA (Anti-Ro) 


Anti-SSB (Anti-La) 


Antiribonucleoprotein 
(RNP) 

Antihistone 

Rheumatoid factor 
(RF) 

Antiproteinase 3 
(c-ANCA) 

Antimyeloperoxidase 
(p-ANCA) 


Anti-RBC membrane 
(Coombs positive) 


Anticardiolipin 


Autoantibodies in Children 


Characteristics 
99% sensitive in SLE; very nonspecific 


Up to 80% sensitive for SLE; highly specific 
(nearly 100%) 

Up to 35% sensitive in SLE; nearly 100% specific 

50% sensitive in SLE; seen in asymptomatic 
children; present in Sjögren syndrome and 
scleroderma; can be associated with 
neonatal lupus 

15% sensitive in SLE; seen in similar conditions as 
anti-SSA; can be associated with neonatal lupus 

Up to 40% sensitive in SLE; also seen in mixed 
connective tissue disease 

Drug-induced SLE-like syndromes 

30% of SLE patients; 5% of JIA; also seen in 
infections 

90-95% sensitive and specific for granulomatosis 
with polyangiitis 


75% sensitive for microscopic polyangiltis; seen in 
other vasculitides, inflammatory bowel disease, 
other inflammatory diseases 


Up to 50% sensitive in SLE; nonspecific, seen also 
in Evan syndrome, isolated hemolytic anemia 


seen in SLE; nonspecific, seen in asymptomatic 


children and in those with antiphospholipid 
syndrome 


JIA, juvenile idiopathic arthritis; RBC, red blood cell; SLE, systemic 
lupus erythematosus; SSA and SSB, Sjogren syndrome type A and 
type B. 


Viral infections such as human parvovirus B19, Epstein—Barr virus, 
and rubella may be associated with arthralgia or arthritis, and testing 
for antibodies to these viruses may be helpful in some clinical situa- 
tions. For diagnosing Lyme disease, the enzyme-linked immunosor- 
bent assay (ELISA) is a very sensitive, but not specific, screening test. 
A positive ELISA must be confirmed by Western blot (Table 33.5). 


Complement 


The complement proteins C3 and C4 are often depressed in patients 
with active SLE, which indicates consumption of C3 and C4 secondary 
to the formation of immune complexes. Some patients with hereditary 
complement deficiencies develop SLE. Low levels of complement can 
be seen occasionally with the vasculitides and in other illnesses with 
immune complexes such as bacterial endocarditis. The CH, is a func- 
tional assay that measures the activity of the entire classical pathway 
of complement. If any single complement protein is depressed, this 
may cause a decrease in the CH5. The CH, is less sensitive and less 
specific than testing for the individual complement components. 


® Diagnostic Imaging 

Radiographs 

Plain radiographs of the limbs are helpful as a means of evaluating 
children for potential infections, trauma, leukemia, or solid bone 
tumors. Osteomyelitis usually causes periosteal elevation, which may 
be seen after approximately 1 week of illness. Chronic osteomyelitis 
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TABLE 33.5 Criteria for Diagnosing 
Lyme Disease 


Characteristic clinical presentation 

e Early localized disease: erythema migrans at the site of a recent tick 
bite, possible constitutional symptoms (malaise, headache, mild neck 
stiffness, myalgia, arthralgia), possible fever 
Early disseminated disease: multiple erythema migrans lesions at sites 
distinct from initial lesion, cranial nerve palsies (particularly cranial nerve 
VII), lymphocytic meningitis, polyradiculitis, constitutional symptoms, 
carditis 

e Late disease: arthritis, polyneuropathy, encephalopathy, encephalitis 


Exposure in an endemic area” 
Positive Lyme ELISA, confirmed by positive Western blot 


Western blots are considered positive if the following are present: 
For IgM, 2 of the following 3 bands must be present: 
23,09 41 kD 
For IgG, 5 of the following 10 bands must be present: 
| oj SIC j 14 teh, Tele), On) 


*Mid-Atlantic and southern New England coastal regions, 
northwestern Wisconsin, and eastern Minnesota are considered the 
most endemic regions in North America. Even within these regions, 
the incidence of infection can vary widely. 

ELISA, enzyme-linked immunosorbent assay; lg, Immunoglobulin; kD, 
kilodaltons. 


causes abscesses that may be visualized on plain radiographs. Fractures, 
including stress fractures and small avulsion fractures, are occasionally 
detected even when the clinical information is not strongly suggestive. 
Leukemia can cause lucency within the metaphyses of the long bones. 
Solid tumors, including osteosarcomas, Ewing sarcoma, and the benign 
osteoid osteoma, may all be identified on plain radiographs. Because 
knee pain may reflect referred pain from the hip, any child with unex- 
plained knee or thigh pain should have pelvis and hip radiographs, 
including a “frog-leg” view. The young, limping child may have Legg— 
Calvé—Perthes disease, an avascular necrosis of the femoral head. A 
slipped capital femoral epiphysis is classically seen in an overweight 
patient in his or her early teens (see Chapter 34). 

In the child with arthritis, soft tissue swelling or effusions within 
the joint may be identified on plain radiographs. Chronic arthritis may 
demonstrate bone erosions and juxta-articular osteopenia. Radio- 
graphs can be useful in monitoring the course of the disease and can 
sometimes help guide management. 

In children with suspected SLE, a chest radiograph may reveal an 
enlarged cardiac silhouette, suggestive of a pericardial effusion or the 
presence of pleural effusions. If GPA is a consideration, a chest radio- 
graph may reveal bilateral cavitating pulmonary nodules. Pulmonary 
hemorrhage, with bilateral alveolar infiltrates, can be seen with GPA, 
SLE, microscopic polyangiitis, and rarely HSP. 


Magnetic Resonance Imaging (MRI) 


MRI is useful when plain radiographs either are unrevealing or have 
identified a poorly defined abnormality. MRI, a sensitive test for osteo- 
myelitis and avascular necrosis, can also reveal small joint effusions 
that are not apparent on physical examination. MRI helps distinguish 
hemarthrosis from other forms of joint swelling and detects ligamen- 
tous and meniscal tears. MRI provides better visualization and char- 
acterization of tumors than do plain radiographs. If myositis is 
suspected, MRI may reveal increased signal within the muscle as a 
result of inflammation and can help determine a potential biopsy site. 
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(See Nelson Textbook of Pediatrics, p. 1483.) 


Bone Scan 


A bone scan is useful when plain radiographs are unremarkable and 
when the source of pain cannot be adequately localized. It is a sensitive 
test for inflammation in the bones and joints, and it can help distin- 
guish arthritis from osteomyelitis, fractures, and tumors. Bone scans, 
like plain radiographs, are not as sensitive for osteomyelitis if obtained 
very early in the disease process, and a 2nd scan should be considered 
if the initial study is negative. A bone scan may detect osteoid osteomas 
that are not apparent on plain radiographs. Complex regional pain 
syndrome (CRPS) usually demonstrates asymmetric increased uptake 
on the affected side. 


Additional Imaging Studies 


Ultrasonography helps evaluate the hip for transient synovitis with 
effusion. Ultrasonography may also help to identify synovitis or effu- 
sions in other joints and may also be useful when evaluating tendons 
for tenosynovitis. Echocardiography is useful when acute rheumatic 
fever is a consideration. Clinically silent valvulitis with resulting insuf- 
ficiency is detected only by echocardiography and was recently added 
as a formal diagnostic criterion for rheumatic fever. The echocardio- 
gram can also detect pericardial effusions in patients with SLE and 
coronary artery aneurysms in patients with Kawasaki disease. 
Conventional angiography, computed tomography (CT) with angi- 
ography, and magnetic resonance (MR) angiography are useful for the 
diagnosis of medium- or large-vessel vasculitis such as polyarteritis 
nodosa or Takayasu arteritis. High-resolution CT of the chest without 
contrast is helpful in visualizing pulmonary nodules in patients with 
GPA and in detecting basilar lung fibrosis in those with scleroderma. 


Joint Fluid Aspiration 


There are few indications for diagnostic joint fluid aspiration in the 
child with arthritis. Synovial fluid analysis in childhood is most helpful 
for confirming or excluding 3 possible problems: (1) infectious arthri- 
tis, (2) hemarthrosis (either secondary to trauma or a coagulopathy), 
and very rarely (3) crystal diseases such as gout or pseudogout. A 4th 
condition, the rare entity of pigmented villonodular synovitis, is sug- 
gested by the aspiration of a “chocolate brown” synovial fluid from 
the knee. 


TABLE 33.7 Characteristics of Synovial Fluid 


Appearance Viscosity 
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Cells per mm? 


Among these possibilities, only infection is a common consider- 
ation in childhood and is typically suspected on the basis of the history 
and physical examination findings. The child with septic arthritis is 
usually febrile and has developed acute joint pain, swelling, warmth, 
and occasionally erythema, most commonly in a single joint (Table 
33.6), over a period of hours to days. When septic arthritis is suspected, 
arthrocentesis is necessary, and the joint fluid is sent for cell count, 
protein quantification, glucose measurement, Gram stain, and micro- 
biologic studies, including bacterial culture and polymerase chain 
reaction (PCR) testing for Kingella kingae, an increasingly common 
cause of septic arthritis in children (Table 33.7). Additional microbio- 
logic assays include fungal culture and mycobacterial testing if sus- 
pected. Some infectious arthritides develop more indolently, such as 
gonococcal arthritis, tuberculous arthritis, and opportunistic infec- 
tions in immunocompromised hosts. Adolescents with monoarticular 
arthritis (Table 33.8) or acute polyarthritis should undergo joint aspi- 
ration, regardless of other symptoms, if they have risk factors for 


TABLE 33.6 Distribution of Affected Joints 
in 1050 Children with Pyogenic Arthritis 


Joint Number 
Knee 467 
Hip 287 
Ankle 

Elbow 

shoulder 

Others* 

Total’ 


Percentage of Cases 


*Includes sacroiliac joints, joints of the hands and feet, and 
sternoclavicular joint. 

‘Some children had more than 1 joint affected. 

Modified from Gutierrez KM. Infectious and inflammatory arthritis. In: 
Long SS, Pickering LK, Prober CG, eds. Principles and Practice of 
Pediatric Infectious Diseases. 3rd ed. Philadelphia: Churchhill 
Livingstone; 2008:483; Table 81-1. 


% PMNs Crystals Culture 


Normal 

JIA 

Psoriatic arthritis 
Reactive arthritis 


Transparent 
Translucent 
Translucent 
Translucent 


High <200 

Low 2,000-50,000 
Low 2,000-50,000 
Low 2,000-50,000 


<10% 

Variable 
Variable 
Variable 


Negative 
Negative 
Negative 
Negative 


Negative 
Negative 
Negative 
Negative 


Gout Translucent to cloudy Low 


Bacterial arthritis” Cloudy Variable 


Variable 


PVNS Hemorrhagic or Low 
“chocolate brown” 


Hemarthrosis Hemorrhagic Low Variable 


*Includes spirochetal, gonococcal, and mycobacterial infections. 


200—greater than 50,000 


2,000—greater than 50,000 


>90% Needle-shaped, 
negatively birefringent 
monosodium urate 


monohydrate crystals 


Negative 


>90% 
Variable 


Negative Usually positive 


Negative Negative 


Variable Negative Negative 


JIA, juvenile idiopathic arthritis; PMNs, polymorphonuclear neutrophils; PVNS, pigmented villonodular synovitis. 
Modified from El-Gabalawy HS. Synovial fluid analyses, synovial biopsy, and synovial pathology. In: Kelley’s Textbook of Rheumatology. 9th ed. 


Philadelphia: Saunders; 2013:755, Table 53-1. 


TABLE 33.8 Differential Diagnosis 
of Monoarticular vs Polyarticular 


Arthritis and Arthralgia 


Usually Monoarticular 


Common 

Infectious arthritis 

e Bacterial 

e Mycobacterial 

e Fungal 

Avascular necrosis 
Hemarthrosis 
Coagulopathy 
Trauma/overuse 
Oligoarticular JIA 
Congenital hip dysplasia 
Osteochondritis dissecans 
Complex regional pain syndrome 
Stress fracture 
Osteomyelitis 


Metastatic tumor (neuroblastoma, 


leukemia) 


Rare 

Pigmented villonodular synovitis 
Plant thorn synovitis 

Familial Mediterranean fever 
synovioma 

synovial metastasis 
Intermittent hydrarthrosis 
Pancreatic fat necrosis 

Gaucher disease 

Behçet disease 

Regional migratory osteoporosis 
Sea urchin spine 

Amyloidosis (myeloma) 

synovial osteochondromatosis 


JIA, juvenile idiopathic arthritis. 


Often Polyarticular 


Polyarticular JIA 

Psoriatic arthritis 

Reactive arthritis 

Enthesitis-related arthritis 

e Ulcerative colitis 

e Crohn disease 

Serum sickness 

Henoch—Schoénlein purpura 

systemic lupus erythematosus 

Viral arthritis 

Immune complex—mediated 
post-bacteremia (Neisseria 
meningitidis, Haemophilus 
influenzae) 

Hypermobility 

Hemoglobinopathies 


Undifferentiated connective tissue 
disease 

Relapsing polychondritis 

Whipple disease 

Sarcoidosis 

Hyperlipidemias types II and IV 

systemic JIA 

Pyoderma gangrenosum 

Pulmonary hypertrophic 
osteoarthropathy 

Chondrocalcinosis-like syndromes 
caused by ochronosis, 
hemochromatosis, Wilson disease 

Acute rheumatic fever 

Paraneoplastic syndromes 

Dialysis arthropathy 

Crystal-induced arthropathies 


Modified from McCune WJ. Monoarticular arthritis. In: Kelley WN, 
Harris ED, Ruddy S, et al., eds. Textbook of rheumatology. 4th ed. 
Vol 1. Philadelphia: WB Saunders; 1993:369. 


gonococcal disease. Likewise, if there has been exposure to tuberculo- 
sis, or if a child is immunocompromised, joint fluid aspiration should 
be strongly considered. 

If the child has sustained trauma and it is unclear from the history 
and physical examination whether a joint effusion is inflammatory or 
hemorrhagic, joint fluid analysis may be helpful. Similarly, if there is 
history of a bleeding disorder in the family or in the child, joint aspira- 
tion should be considered (see Table 33.7). 

Gout and pseudogout are unusual in childhood. Conditions that 
result in elevated serum uric acid levels predispose a child to gout, and 
if children with these conditions develop arthritis, the joint fluid 
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TABLE 33.9 Classification of 
Childhood Vasculitis 


e Predominantly large-vessel vasculitis 
e Takayasu arteritis 
e Predominantly medium-vessel vasculitis 
e Childhood polyarteritis nodosa 
e Cutaneous polyarteritis 
e Kawasaki disease 
e Predominantly small-vessel vasculitis 
e Granulomatous 
e Granulomatosis with polyangiitis 
e Eosinophilic granulomatosis with polyangiitis 
e Nongranulomatous 
Microscopic polyangiitis 
Henoch—Schonlein purpura 
Isolated cutaneous leukocytoclastic vasculitis 
Hypocomplementemic urticarial vasculitis 
e Other vasculitides 
Behcet disease 
Vasculitis secondary to infection (including hepatitis B-associated 
polyarteritis nodosa), malignancy, and medication (including 
hypersensitivity vasculitis) 
Vasculitis associated with connective tissue diseases 
Isolated vasculitis of the central nervous system 
Cogan syndrome 
Unclassified 


Modified from Ozen S, Ruperto N, Dillon MJ, et al. EULAR/PReS 
endorsed consensus criteria for the classification of childhood 
vasculitis. Ann Rheum Dis. 2006:65:936-941. 


should be analyzed for crystals. These conditions include leukemia, 
tumor lysis syndrome, renal failure, Down syndrome, Lesch—Nyhan 
syndrome, and type I glycogen storage disease (von Gierke disease). 


Invasive Testing 


If weakness is present, an electromyogram (EMG) and a nerve con- 
duction study distinguish myopathies and myositis from neuropathies. 
Children with inflammatory myositis have a characteristic, albeit 
nondiagnostic, abnormal EMG. Peripheral neuropathies confirmed 
by nerve conduction studies may suggest the presence of a vasculitis 
or SLE. 

Biopsies are most helpful in confirming the presence of vasculitis 
(Table 33.9) and to determine the extent of renal disease in a child with 
SLE. Kawasaki disease, GPA, Takayasu arteritis, polyarteritis, and HSP 
are vasculitides that may be diagnosed on the basis of either clinical 
criteria alone (Kawasaki disease, HSP), a combination of clinical cri- 
teria and arteriography (Takayasu arteritis, polyarteritis), or clinical 
criteria and serologic profiles (antiproteinase 3 antibodies in GPA). 
Biopsies of affected tissue are often necessary to confirm a diagnosis 
for many of the vasculitides. The most accessible affected tissue is 
acquired for biopsy first. In many children with vasculitis, this tissue 
is the skin and consultation with a dermatologist is helpful to deter- 
mine which lesions and the location within a lesion that will be most 
likely to yield a diagnosis. If there is no rash, muscle and nerve samples 
may be taken for biopsy when EMG and nerve conduction studies 
reveal the presence of myositis or neuropathy. If neither of these sites 


Is affected, then the risks and benefits of biopsy of affected organs 
should be evaluated. 

Synovial biopsy is rarely useful in the evaluation of arthritis. Biopsy 
is necessary to distinguish sarcoid arthropathy from JIA; sarcoid 
arthropathy is suspected when the young child has erythema nodosum, 
uveitis, and arthritis, as well as particularly “boggy” synovial effusions. 
In rare cases, synovial tumors, chronic indolent infections, or foreign 
bodies are detected by biopsy as well. 


JUVENILE IDIOPATHIC ARTHRITIS 


To be diagnosed with JIA, a child must have inflammatory arthritis of 
unknown etiology beginning before age 16 years and persisting for at 
least 6 weeks. JIA is further classified into different categories (Table 
33.10). Specific classification of JIA should be made at 6 months of 
disease. 


Oligoarticular Juvenile Idiopathic Arthritis 


This is the most common form of JIA, affecting half of all children 
with JIA. Oligoarticular JIA can be further classified depending on 
whether fewer than 4 joints are affected for the entire course of the 
disease (“persistent”) or if more than 4 joints are affected after the 
Ist 6 months of disease (“extended”). Persistent oligoarticular JIA is 
the most common form and typically manifests as monoarticular 
arthritis of the knee. Most affected children have morning stiffness, 
mild discomfort, swelling, and warmth of the affected joint or joints, 
but usually remain fairly functional and are systemically well. The 
arthritis in general has a good prognosis and in some cases may 
eventually remit on its own. Most such children have a positive ANA 
test result and are at the highest risk for associated chronic anterior 
uveitis. 


Polyarticular Juvenile Idiopathic Arthritis 


There are 2 subtypes of polyarticular JIA: RF-positive and RF-negative. 
RF-positive disease is most likely identical to adult-onset rheumatoid 
arthritis, and patients with this tend to have more aggressive, destruc- 
tive arthritis and associated constitutional symptoms such as fatigue 
and poor appetite. The arthritis in these subtypes is symmetric and 
affects both small and large joints. Involvement of the small joints of 
the hands and feet, as well as the wrists, is very common. Chronic 
anterior uveitis may occur; it is more common in younger patients, 
especially if ANA test results are positive. 


Enthesitis-Related Arthritis 


The older term spondyloarthropathy encompasses a group of diseases 
that includes ankylosing spondylitis, psoriatic arthritis, inflammatory 
bowel disease-associated arthritis, and reactive arthritis. These diseases 
are grouped together because they share common clinical features 
such as male predominance, enthesitis, dactylitis, peripheral oligo- 
articular disease, axial arthritis, acute symptomatic anterior uveitis, 
and association with human leukocyte antigen (HLA)-B27. Psoriatic 
arthritis is classified separately, and the other spondyloarthropathies 
were redesignated as enthesitis-related arthritis (ERA) because of the 
recognition that these forms of arthritis do not necessarily affect the 
spine, especially during childhood. In addition to persistent arthritis, 
patients with ERA must have 2 of the following criteria: persistent 
sacroiliac joint tenderness and/or inflammatory lumbosacral pain, 
positive HLA-B27 antigen, acute symptomatic anterior uveitis, pres- 
ence of symptoms in a male over 6 years of age, and finally, a 
Ist-degree relative with a history of ankylosing spondylitis, ERA, 
sacroiliitis with inflammatory bowel disease, reactive arthritis, or acute 
anterior uveitis. 
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TABLE 33.10 Classification Criteria for 
Juvenile Idiopathic Arthritis (JIA) 


General Definition of Juvenile Idiopathic Arthritis 
e Arthritis that begins before the 16th birthday and persists for at least 6 wk 
e Other known causes of arthritis are excluded 


Categories 
Systemic Arthritis 
e Arthritis in 1 or more joints with or preceded by fever of at least 2-wk 
duration that is documented to be daily (“quotidian”) for at least 3 days, 
and accompanied by 1 or more of the following: 
Evanescent (nonfixed) erythematous rash 
Generalized lymph node enlargement 
Hepatomegaly and/or splenomegaly 
Serositis 


Oligoarthritis 
e Arthritis affecting 1—4 joints during the 1st 6 mo of disease 
e Subcategories: 
e Persistent oligoarthritis: affecting not more than 4 joints throughout 
the disease course 
e Extended oligoarthritis: affecting a total of more than 4 joints after 
the 1st 6 mo of disease 


Polyarthritis (Rheumatoid Factor Negative) 
e Arthritis affecting 5 or more joints during the 1st 6 mo of disease 
e Negative test for RF 


Polyarthritis (Rheumatoid Factor Positive) 

e Arthritis affecting 5 or more joints during the 1st 6 mo of disease 

e 2 or more positive tests for RF, separated by at least 3 mo during the 
1st 6 mo of disease 


Psoriatic Arthritis 
e Arthritis and psoriasis or suspicion of underlying psoriasis as evidenced by 
e Formal diagnosis of psoriasis, or 
e At least 2 of the following: 
e Dactylitis 
e Nail pitting or onycholysis 
e Psoriasis in a 1st-degree relative 


Enthesitis-Related Arthritis 

e Arthritis and enthesitis, or 

e Arthritis or enthesitis with at least 2 of the following: 
History of sacroiliac joint tenderness and/or inflammatory lumbosacral 
pain 
Positive HLA-B27 antigen 
Onset of arthritis in a male over 6 yr of age 
Acute (symptomatic) anterior uveitis 
History of ankylosing spondylitis, enthesitis-related arthritis, 
sacroiliitis with inflammatory bowel disease, Reiter syndrome, or 
acute anterior uveitis in a 1st-degree relative 


Undifferentiated Arthritis 
e Arthritis that fulfills criteria in no category or in 2 or more of the above 
categories 


HLA, human leukocyte antigen; RF, rheumatoid factor. 

Criteria from Petty RE, Southwood TR, Manners P, et al. International 
League of Associations for Rheumatology classification of juvenile 
idiopathic arthritis: second revision, Edmonton, 2001. J Rheumatol. 
2004;31:391-392. 


Psoriatic Arthritis 


A diagnosis of psoriatic arthritis can be made when a patient has 
chronic arthritis accompanied either by a personal diagnosis of psoria- 
sis or by a combination of 2 other clinical criteria (dactylitis, nail 
pitting/onycholysis, or psoriasis in a Ist-degree relative). Psoriatic 
arthritis in children has a bimodal distribution with an initial peak 
between ages 2-3 years that appears clinically similar to oligoarticular 
JIA and a later peak between ages 10-12 years that appears clinically 
similar to ERA. The early-onset form of psoriatic arthritis is more 
likely to affect girls than boys, more often has associated dactylitis and 
a positive ANA, and is less often associated with a positive HLA-B27. 
In contrast, the later-onset form is more likely to occur in boys, is more 
often associated with a negative ANA and positive HLA-B27, and is 
more likely to manifest with enthesitis and axial arthritis. Psoriasis 
usually precedes the development of arthritis, but in a sizable minority, 
arthritis can precede the skin disease, sometimes by many years. Up to 
30% of patients with psoriasis also have associated arthritis, with 
patients that have nail involvement being more likely to develop arthri- 
tis. The severity of the arthritis does not typically correlate with the 
severity of the skin disease. 


Systemic Juvenile Idiopathic Arthritis 


In systemic JIA (SJIA), any number of joints may be affected, but most 
patients eventually develop polyarticular involvement. Children with 
SJIA initially have a characteristic quotidian fever pattern, consisting 
of 1 or 2 high fever spikes each day with rapid return to normal tem- 
perature. An evanescent pink macular rash appears with the fever and 
may resolve completely as the child’s fever abates (see Figs. 33.3 and 
33.4). Constitutional symptoms such as fatigue, poor appetite, and 
weight loss are common. Generalized lymphadenopathy and hepato- 
splenomegaly are also common; pericarditis or pleural effusions may 
be seen. These children feel and appear ill during the fever spikes, but 
they may appear much improved once the fever abates. Peripheral 
leukocytosis of 20,000 WBCs/mm’ or greater, anemia, and thrombo- 
cytosis are characteristic laboratory findings. Tests of ANA and RF are 
usually negative, and uveitis is very rare. In many patients, the fevers 
and rashes subside and polyarticular arthritis persists as an isolated 
manifestation, while in other patients, the fevers and rashes continue 
to dominate their clinical picture. 

Patients with SJIA are at risk for macrophage activation syndrome. 
This can be a life-threatening complication from uncontrolled immune 
activation that results in disseminated intravascular coagulation (DIC). 
Clinically, this is manifested by persistent, unremitting fever, petechial/ 
purpuric rashes from DIC, hepatosplenomegaly, and potentially mul- 
tiorgan dysfunction. Laboratory examination demonstrates elevated 
CRP and markedly elevated ferritin with a paradoxically falling ESR 
due to DIC and consumption of fibrinogen. Cytopenias, particularly 
thrombocytopenia, are observed, as are hypertriglyceridemia and 
hypoalbuminemia. Hemophagocytosis is observed in various tissues, 
most commonly in the bone marrow and cerebrospinal fluid. 


® Diagnosis 

The diagnosis of JIA is based on clinical features, and classification is 
based on clinical and laboratory criteria (see Table 33.10). Although 
strict adherence to these inclusion and exclusion criteria is necessary 
for patients in clinical trials, it is not always helpful or practical when 
diagnosing individual patients. The differential diagnosis is broad 
(Tables 33.11 and 33.12; see Table 33.1). Lyme disease should always 
be considered (Table 33.13). Laboratory tests and imaging studies are 
used when necessary to exclude other illnesses. The ANA and RF tests 
are used to classify the subtype of JIA and to determine the risk of 
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uveitis, but they are not diagnostic tests. Ophthalmologic slit-lamp 
evaluations are necessary at specific intervals to screen for anterior 
uveitis, because usually the uveitis is asymptomatic and can progress 
to affect visual acuity before it causes other signs and symptoms. For 
patients at highest risk—children younger than 7 years of age with a 
positive ANA test result and oligoarticular or polyarticular JIA— 
ophthalmologic evaluations should be performed every 3-4 months 
for at least 4 years after diagnosis, every 6 months for 3 years after 
that, and then annually. Those with SJIA should have annual examina- 
tions since their risk is low. All others should have evaluations at 
6-month intervals for the first 4 years after diagnosis, and annually 
thereafter. 


SYSTEMIC LUPUS ERYTHEMATOSUS 


In SLE, clinical manifestations are the result of aberrant B cell prolif- 
eration and increased production of both specific and nonspecific 
autoantibodies, with subsequent immune complex formation and 
deposition throughout the body. The cause of SLE is unknown; it is 
more common in girls and women, African Americans, and persons 
with a Ist-degree relative with SLE. In childhood, the peak onset is 
during the early teen years and rarely occurs in children younger than 
5 years. The potential clinical manifestations of SLE are numerous, and 
the illness demonstrates significant interindividual variability. Chil- 
dren with SLE have more severe disease with a greater incidence of 
renal involvement and other serious manifestations than adults. 


® Diagnosis 

SLE is suggested by the common manifestations of fever, malar rash 
(Fig. 33.9), photosensitivity, and arthritis. The arthritis is most often 
symmetric and polyarticular, and frequently involves the small joints 
of the hands and feet. In contrast to JIA, the arthritis is typically non- 
deforming and does not result in erosions or bony remodeling. The 
Systemic Lupus International Collaborating Clinics (SLICC) criteria 
were developed for the purpose of research studies and clinical applica- 
tion (Table 33.14). The presence of 4 or more of these criteria is highly 
sensitive and specific for SLE. Other clinical manifestations of SLE are 
listed in Table 33.15. 

The ANA test is extremely sensitive, positive in more than 95% of 
children with SLE, and usually in a high titer; however, it is not specific. 
Testing for anti-dsDNA antibodies, anti-Smith antibodies, anti-RNP 
antibodies, anti-SSA, and anti-SSB antibodies should be performed in 
all children suspected of having SLE (see Table 33.4). Anti-dsDNA 
antibodies and anti-Smith antibodies are highly specific for SLE. Leu- 
kopenia, lymphopenia, thrombocytopenia, and autoimmune hemo- 
lytic anemia, frequently with a positive direct Coombs test, are 
common. Urinalysis is mandatory to screen for nephritis; proteinuria 
indicates disease. The anticardiolipin antibody test identifies antiphos- 
pholipid antibodies, a common finding in SLE that results in a hyper- 
coagulable state, placing the patient at risk for thrombotic events. The 
complement proteins C3 and C4 are low in children with active SLE. 
Monitoring C3 and C4 levels helps guide therapy; the levels should 
increase to normal as the illness is better controlled. 


DERMATOMYOSITIS 


Dermatomyositis is characterized by perivascular inflammation in 
muscles and skin, occasionally with gut and other organ involvement. 
Dermatomyositis is more common in girls and can occur at any age; 
the average age at onset is 8 years. The main manifestations include 
characteristic skin findings and proximal muscle weakness, specifically 
involving the neck flexors, deltoids, biceps, triceps, quadriceps, psoas, 
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(See Nelson Textbook of Pediatrics, p. 1176.) 


TABLE 33.11 


Juvenile Idiopathic 


Rheumatic Fever Arthritis 


Sex predilection None 


Age at onset 3 yr or older 1 yr or older 


Joint manifestations Transient migratory arthritis 


of primarily large joints 


Oligoarticular or 
polyarticular; chronic 
(>6 wk) 

Extra-articular Fever 
manifestations Cardiac disease 

Chorea 
Rash Oligoarticular JIA: 
Nodules iridocyclitis 


systemic JIA: fever, 


Diagnostic studies 


Prior streptococcal infection 

Evidence of carditis on 
echocardiogram or 
electrocardiogram 


May have ANA, RF 


Unknown 
Clinical (JIA criteria) 


Pathogenesis Poststreptococcal 


Diagnosis Clinical (Jones criteria) 


Arthritis—transient. 
Carditis may cause 
permanent damage 


Natural history 
destructive 
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Dependent on subgroup 


Dependent on subgroup: 


rash, lymphadenopathy 


Chronic: arthritis may be 


Differential Diagnosis of Juvenile Idiopathic Arthritis: Rheumatic Disease 


Systemic Lupus 


Erythematosus Kawasaki Disease Dermatomyositis 
Girls 327 


2 yr or older 


Girls > boys None 

Usually > 8 yr 4 yr or younger 

Joint contractures; 
arthritis occasionally 


Arthralgia; transient 
arthritis; chronic 
arthritis 


Pain and swelling of 
hands and feet; 
arthritis occasionally 


Often multisystem Fever Rash 
disease, including Conjunctivitis Muscle weakness 
nephritis Oral changes Myalgia 
Polymorphous rash Gut vasculitis 
Lymphadenopathy Respiratory muscle 
Coronary vasculitis weakness 


Elevated muscle 
enzymes 

Myopathic 
electromyography 

Abnormal muscle biopsy 


ANA Coronary dilatation or 
Autoantibodies aneurysm on 

Low complement echocardiogram 
Anti-dsDNA antibody 


Immune complexes Unknown Unknown 


Clinical (Kawasaki 
criteria) 


Clinical plus 
laboratory (SLICC 
criteria) 


Clinical: rash plus 
myositis 

Muscle biopsy 

Chronic 

May be fatal 


self-limited 
Coronary vasculitis 
May be fatal 


Chronic or recurrent 
May be fatal 


ANA, antinuclear antibody; Anti-dsDNA, anti--double-stranded DNA; JIA, juvenile idiopathic arthritis; RF, rheumatoid factor; SLICC, Systemic 


Lupus International Collaborating Clinics. 


Modified from Behrman RE, ed. Nelson Textbook of Pediatrics. 14th ed. Philadelphia: WB Saunders; 1992:620. 


and hamstrings. These symptoms are occasionally accompanied by 
mild muscle pain, fatigue, or poor endurance. Weakness may be subtle 
and not recognized for long periods. Frequent early symptoms include 
difficulties rising from the floor, climbing stairs, climbing in and out 
of a minivan, and combing the hair. 

Skin manifestations include Gottron papules, which are scaly, 
erythematous plaques or papules that appear over the MCP and PIP 
joints on the hands (see Fig. 33.6). Similar lesions are seen on the 
extensor surfaces of the elbows and knees and over the medial malleoli. 
The distribution of the rash, which may be misdiagnosed as eczema or 
psoriasis, is an early clue to the diagnosis. The periungual capillaries 
may become grossly dilated and may develop thromboses that can be 
visualized either with the naked eye or with mild magnification. Helio- 
trope rash is a violaceous discoloration of the upper eyelids that is 
often accompanied by mild edema (see Fig. 33.5) and is pathogno- 
monic for dermatomyositis. Some children develop more extensive 
erythroderma that may appear over the shoulders, termed the shawl 
sign, or in a V-neck distribution on the chest. With severe disease, some 
patients may also develop vasculopathic skin ulcerations. 


® Diagnosis 

The diagnosis is suggested by the rash and proximal muscle weakness 
detected on physical examination. Muscle enzymes are elevated in 
most, but not all, children with dermatomyositis. There may be eleva- 
tions in only 1 or a few enzymes and therefore testing for aspartate 
aminotransferase, alanine aminotransferase, lactate dehydrogenase, 
creatine kinase, and aldolase should be performed. The child with a 
characteristic rash, definite proximal muscle weakness, and elevated 


muscle enzyme levels may not require additional testing for diagnosis. 
If weakness is questionable, or if the rash is not characteristic, an EMG 
can confirm the presence of muscle inflammation. MRI is a sensitive 
test for muscle inflammation and may be a less invasive method of 
evaluating the muscle. If there is any doubt regarding the diagnosis, a 
muscle biopsy is performed. The site for biopsy is determined by weak- 
ness on physical examination or localization by EMG or MRI. The 
quadriceps or the deltoids are the most commonly accessed biopsy 
sites. Involvement of the muscle may be spotty, and a normal finding 
on muscle biopsy does not exclude dermatomyositis. Typical findings 
on biopsy include perivascular inflammation and _perifascicular 
atrophy. The biopsy can help exclude other potential myopathies such 
as muscular dystrophies and metabolic myopathies. 


SCLERODERMA 


Scleroderma is classified into systemic sclerosis and localized sclero- 
derma (Table 33.16). Localized scleroderma, which includes morphea 
and linear scleroderma, is limited to the skin and subcutaneous tissues, 
is much more common in childhood, and rarely progresses to involve 
internal organs. Systemic sclerosis can be life threatening, as it has the 
potential to involve internal organs and cause severe and widespread 
skin disease. 


Morphea 

Morphea is a patch of hardened skin that appears spontaneously on 
any part of the body. The skin becomes firm, stiff, atrophic, and dis- 
colored. Hair is absent. Initially, the lesion appears violaceous, but then 
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TABLE 33.12 Differential Diagnosis of Juvenile Idiopathic Arthritis: Nonrheumatic Disease 


Sex predilection 


Age at onset 


Joint 
manifestations 


Extra-articular 
manifestations 


Diagnostic 
studies 


Pathogenesis 


Diagnosis 


Natural history 


Septic 
Arthritis 
None 


Any 


85% 
monoarticular; 
Joints swollen, 
red, hot, painful 


Fever 

SIRS 

Other signs 
dependent on 
causative 
organism 


Cultures: synovial 
fluid, blood, 
genital if 
Neisseria 
gonorrhoeae 
suspected 


Direct synovial 
infection; 
immune complex 
deposition in 
gonococcal and 
meningococcal 
arthritis 


Demonstration of 
organisms in 
joint fluid 


Joint destruction 


Lyme 
Disease 
None 


>2 yr 


Oligoarticular; 
episodic, 
recurrent 


Flu-like illness 
Erythema 
migrans 
Meningitis 
Cranial nerve 
palsies 
Heart block 


Serologic: 
antibody to 
Borrelia 
burgdorferi 


Synovial and 
systemic 
infection 
with B. 
burgdorferi 


Clinical and 
serologic 


Self-resolving 


Osteomyelitis 


None 


Any 


Sterile joint 
effusion 
adjacent to 
infected bone 


Fever 
SIRS 
Bone pain 


Blood and bone 
culture 
Bone scan 


Hematogenous 
infection of 
bone 


Demonstration of 


organisms in 
blood/bone; 
MRI of bone 
scan (early); 
plain 
radiographs 
(late) 
Bone/joint 

destruction 


Viral 
Arthritis 


Girls > boys 


More common in 
older children 
and adults 


Transient 
arthritis; often 
polyarticular 


Dependent on 
causative 
organism 


Viral culture/PCR 
Rise in antibody 
titers 


Viral infection of 
synovium; 
immune 
complex 
deposition in 
some 


Clinical: 
serologic; 
positive viral 
culture or PCR 
from synovial 
fluid 


Self-resolving 


Childhood 
Malignancy 


None 


Any 


severe bone/ 
Joint pain, 
night pains 


Signs of 
underlying 
malignancy; 
no high fever, 
rash, or 
morning 
stiffness 


Hematologic 
abnormalities 

Abnormal 
radiograph or 
scan 


Primary bone or 
periarticular 
tumor; bony 
metastasis 


Bone marrow; 
tissue biopsy 


Joint 


manifestations 


may wax/ 
wane 


Structural, 
Genetic 


Dependent on 
condition 


Any 


Local bone/joint 
pain or 
dysfunction 


Dependent on 
underlying 
condition 

Dysmorphism 

Structural 
abnormalities 


Demonstration 
of abnormal 
structure or 
metabolic 
abnormality 


Idiopathic or 
genetic 


Recognition of 
condition or 
syndrome; 
positive 
genetic or 
biochemical 
assay 


Chronic 


MRI, magnetic resonance imaging; PCR, polymerase chain reaction; SIRS, systemic inflammatory response syndrome. 
Modified from Behrman RE, ed. Nelson Textbook of Pediatrics. 14th ed. Philadelphia: WB Saunders; 1992:619. 


Growing 
Pains, 
Psychogenic 
Growing pains: 
boys > girls; 
Psychogenic: 
girls > boys 
Growing pains: 
2-8 yr; 
Psychogenic: 
> 6 yr 
None or 
features of 
complex 
regional pain 
syndrome 
Growing pains: 
none 
Psychogenic: 
atypical 


Normal 


No organic 
disease 


Clinical 


Growing pains: 
benign 

Psychogenic: 
may become 
chronic and 
disabling 


TABLE 33.13 Manifestations of Lyme 
Disease by Stage 


Early Localized Infection (occurs 3-30 days after tick bite) 

Erythema migrans (EM) in 80-90% of patients; single lesion, occasionally 
associated with fever, malaise, neck pain or stiffness, arthralgia, and 
myalgia 

systemic symptoms noted above in the absence of EM during summer 
months 

Borrelial lymphocytoma (rare, seen primarily in Europe) 


Early Disseminated Infection (occurs weeks to months 
after tick bite) 
Profound malaise and fatigue common 
Multiple EM lesions with systemic symptoms similar to early localized 
infection 
Migratory polyarthralgia and myalgia 
Carditis (<3% of untreated patients) 
Varying degrees of atrioventricular nodal block 
Mild myopericarditis 
Neurologic (<10% of untreated patients) 
Cranial neuropathies (especially facial nerve palsy) 
Lymphocytic meningitis 
Radiculoneuropathies 
Encephalomyelitis 


Late Disease (occurs months to years after tick bite) 
Arthritis (<10% of patients) 

Acute monoarticular or migratory pauciarticular inflammatory arthritis, 

usually involving the knee 

Chronic antibiotic-refractory arthritis (<10% of patients with arthritis) 
Neurologic (rare) 

Peripheral neuropathies 

Mild encephalopathy 

Encephalomyelitis (primarily seen in Europe) 
Acrodermatitis chronica atrophicans (primarily seen in Europe) 


Moditied from Bockenstedt LK. Lyme disease. In: Firestein GS, Budd 
RC, Gabriel SE, et al., eds. Kelley’s Textbook of Rheumatology. 9th 
ed. Philadelphia: Saunders; 2013, Chapter 110, Table 110-1. 


it fades to a yellowish-brown or dusky appearance in most individuals. 
The patches are nontender, and children are otherwise asymptomatic. 
The natural history of morphea lesions is to gradually fade and soften 
after an initial period of expansion. Biopsy reveals excessive amounts 
of collagen in the dermis with absent hair follicles and diminished 
vascular structures. 


Linear Scleroderma 


Linear scleroderma is histologically similar to morphea, though lesions 
consist not of isolated patches, but rather narrow bands that may 
extend through an entire limb, part of the limb, or across the scalp 
and face, a finding termed a coup de sabre lesion. Cosmetically and 
functionally, linear scleroderma is much more severe than morphea, 
as the impacted areas may involve the face or limit limb use. Growth 
of the limb may be affected, and involvement of the digits can 
cause significant functional difficulty. Coup de sabre lesions, par- 
ticularly with craniofacial involvement, may be associated with neu- 
rologic abnormalities and seizures, and these children should have 
a careful neurologic examination and brain MRI as part of their 
evaluation. 


SECTION 7 Musculoskeletal Disorders 


TABLE 33.14 Systemic Lupus 
International Collaborating Clinics 
(SLICC) Classification Criteria for 
Systemic Lupus Erythematosus 


4 OR MORE CRITERIA (AT LEAST 
1 CLINICAL AND 1 LABORATORY) 
OR 
BIOPSY-PROVEN LUPUS NEPHRITIS 
WITH A POSITIVE ANA OR ANTI-dsDNA 

Clinical Criteria Laboratory Criteria 
Acute cutaneous lupus ANA 
Anti-dsDNA 
Anti-smith 


Antiphospholipid antibody 


Chronic cutaneous lupus 
Oral or nasal ulcers 
Nonscarring alopecia 
Arthritis 

Serositis Positive direct Coombs (does not count if 
Renal hemolytic anemia already present) 
Neurologic 

Hemolytic anemia 

Leukopenia 

Thrombocytopenia 


Low complement (C3, C4, CH;o) 


anti-dsDNA, anti-double-stranded DNA; ANA, antinuclear antibody. 
From Petri M, Orbai A, Alarcon GS, et al. Derivation and validation of 
the Systemic Lupus International Collaborating Clinics classifification 
criteria for systemic lupus erythematosus. Arthritis Rheum. 2012;64: 
2677-2686. 


Systemic Sclerosis 


Systemic sclerosis typically begins with severe Raynaud phenomenon, 
followed by thickening and tightening of the skin over the digits and 
hands and then the face, and then by varying degrees of progressive 
skin changes over the extremities and trunk. Difficulty opening the 
mouth and decreased facial expression are signs of facial involvement. 
As the skin over the hands tightens and hardens, pigment changes may 
occur, and flexion contractures of the small joints may develop. Renal 
disease, pulmonary fibrosis, pulmonary hypertension, esophageal and 
gut dysmotility, and cardiac disease may all occur. Anti-Scl-70 antibod- 
ies (anti-topoisomerase I) are present in approximately 30-40% of 
patients with systemic sclerosis and are very specific. There are no other 
helpful serologic tests. High-resolution CT of the chest, esophagogra- 
phy, and echocardiography should be performed to screen for organ 
involvement and repeated at periodic intervals. The course of systemic 
sclerosis is variable; patients with rapid progression tend to have a less 
favorable outcome. A limited variant of scleroderma is known as 
CREST syndrome (calcinosis, Raynaud phenomenon, esophageal dys- 
motility, sclerodactyly, and telangiectasias). Although less severe than 
systemic sclerosis, these patients can develop life-threatening pulmo- 
nary hypertension. CREST syndrome is associated with anticentro- 
mere antibodies. 


RHEUMATIC FEVER 


Acute rheumatic fever is a poststreptococcal illness, resulting from a 
cross-reactive immune response to group A streptococcal pharyngitis 
(see Chapters 1 and 8). It is most common in children older than 5 
years and occurs more often after infection with certain serotypes of 
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(See Nelson Textbook of Pediatrics, p. 1186.) 


FIGURE 33.9 The malar rash of systemic lupus erythematosus crosses 
the nasal bridge and spares the nasolabial folds, a distribution that is 
referred to as a “butterfly rash.” (From Cassidy JT, Petty RE, Laxer RM, 
et al., eds. Textbook of Pediatric Rheumatology. 6th ed. Philadelphia: 
Elsevier; 2011:321.) 


group A streptococci. There may also be genetic reasons that predis- 
pose some children and adults to the illness. Signs and symptoms of 
rheumatic fever typically develop 1-3 weeks after streptococcal phar- 
yngitis. Clinical manifestations have been grouped according to the 
Jones criteria, which separate major from minor criteria (Table 33.17). 

The arthritis of rheumatic fever is usually very painful and is dis- 
proportionate to the degree of swelling on physical examination. It is 
usually a migratory arthritis of the large joints; it rarely affects the 
fingers, spine, or toes. It tends to last in 1 joint for several days and 
then migrates to a different joint. The duration of joint symptoms is 
rarely longer than 3-4 weeks in untreated patients. If patients are 
treated with NSAIDs, the arthritis usually responds dramatically 
within 1-2 days. When rheumatic fever is a consideration and the 
diagnosis is unclear, it is helpful to avoid NSAID use early in the course 
to avoid diagnostic confusion. 

In the absence of carditis, rheumatic fever may be difficult to dis- 
tinguish from early SJIA, Kawasaki disease, and viral-induced fever, 
rash, and joint pain. The diagnosis is clinical. The Jones criteria were 
developed as a diagnostic aid and include echocardiographic evidence 
of valvulitis, and in populations with a higher risk of rheumatic fever, 
monoarthritis or polyarthralgia as less stringent major criteria (see 
Table 33.17). The presence of 2 of the major criteria or of 1 major and 
2 minor criteria plus evidence of recent streptococcal infection is con- 
sistent with acute rheumatic fever, though is not specific. Either a 
positive throat culture or elevations of the antistreptococcal antibodies 
(antistreptolysin O, anti-DNase B) are the standard indicators of 
potential recent streptococcal infection. Fulfilling these criteria is not 
specific for rheumatic fever, especially when the evidence of recent 
streptococcal infection is based on mildly elevated serologic test results. 
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TABLE 33.15 Additional Manifestations of 
Systemic Lupus Erythematosus 


Target Organ Potential Clinical Manifestations 


Constitutional Fatigue, anorexia, weight loss, fever, 
lymphadenopathy 

Musculoskeletal Arthritis, myositis, tendonitis, arthralgia, myalgia, 
avascular necrosis, osteoporosis 


Skin Malar rash, discoid (annular) rash, photosensitive 
rash, cutaneous vasculitis (petechiae, palpable 
purpura, digit ulcers, gangrene, urticaria), livedo 
reticularis, periungual capillary abnormalities, 
Raynaud phenomenon, alopecia, oral and nasal 
ulcers, panniculitis, chilblains 


Renal Hypertension, proteinuria, hematuria, edema, 
nephrotic syndrome, renal failure 


Cardiovascular Pericarditis, myocarditis, conduction system 
abnormalities, Libman—Sacks endocarditis 


Neurologic Seizures, psychosis, cerebritis, stroke, transverse 
myelitis, depression, cognitive impairment, 
headaches, migraines, pseudotumor, peripheral 
neuropathy (mononeuritis multiplex), chorea, optic 
neuritis, cranial nerve palsies, acute confusional 
states, dural sinus thrombosis 


Pulmonary Pleuritis, interstitial lung disease, pulmonary 
hemorrhage, pulmonary hypertension, pulmonary 
embolism 


Hematologic Immune-mediated cytopenias (hemolytic anemia, 
thrombocytopenia, or leukopenia), anemia of chronic 
inflammation, hypercoagulability, thrombotic 
thrombocytopenic microangiopathy 


Gastroenterology Hepatosplenomegaly, pancreatitis, vasculitis affecting 
the bowel, protein-losing enteropathy, peritonitis 

Ocular Retinal vasculitis, scleritis, episcleritis, papilledema, 
dry eyes, optic neuritis 


Moditied from Sadun RE, Ardoin SP, Schanberg LE. Systemic lupus 
erythematosus. In: Kllegman RM, Stanton BF, St Geme JW, Schor 
NF, eds. Nelson Textbook of Pediatrics. 20th ed. Philadelphia: 
Elsevier; 2016:117, Chapter 158, Table 158-1. 


TABLE 33.16 Classification of Scleroderma 


Systemic Sclerosis 

e Diffuse: systemic fibrosis, including widespread skin involvement (face, 
trunk, and both proximal and distal extremities) and internal organ 
involvement (lungs, kidneys, gastrointestinal tract, heart) 
Limited (CREST syndrome): skin fibrosis limited to the distal extremities, 
face, and neck; internal organ involvement occurs late, if at all, with 


pulmonary hypertension often being the most significant development 


Localized Scleroderma 

e Morphea: a single, discrete patch of fibrotic skin; no organ involvement 

e Generalized morphea: multiple discrete patches of fibrotic skin; no organ 
involvement 

e Linear scleroderma: band of fibrosis on the face (coup de sabre) or along an 
extremity, sometimes extending the entire length; no organ involvement 


CREST, calcinosis, Raynaud phenomenon, esophageal dysmotility, 
sclerodactyly, and telangiectasias. 


TABLE 33.17 Jones Criteria for Diagnosis 
of Rheumatic Fever 


All patient populations must demonstrate evidence of a preceding 
GAS infection 


Initial ARF: 2 major manifestations OR 1 major plus 2 minor manifestations 
Recurrent ARF: 2 major OR 1 major and 2 minor OR 3 minor manifestations 


Major Criteria 

Carditis: clinical (audible murmur) or subclinical (echocardiographic evidence 
of valvulitis) 

Subcutaneous nodules 

Erythema marginatum 


Chorea 


Low-risk populations”: polyarthritis 
Moderate- and high-risk populations: polyarthritis, monoarthritis, or 
polyarthralgia’ 


Minor Criteria 

Fever (>38.5°C) 

Peak ESR >30 mm/hr and/or CRP >3.0 mg/dL’ 

Prolonged P-R interval, after accounting for age variability (unless carditis is 
a major criterion) 

Low-risk populations: polyarthralgia 

Moderate- and high-risk populations: monoarthralgia 


*Low-risk populations are those with an ARF incidence <2/100,000 
school-aged children or an all-age rheumatic heart disease prevalence 
of <1/1000 population per yr. 

*Polyarthralgia should only be considered as a major manifestation in 
moderate- to high-risk populations after exclusion of other causes. As 
in past versions of the criteria, erythema marginatum and 
subcutaneous nodules are rarely “stand-alone” major criteria. 
Additionally, joint manifestations can only be considered in either the 
major or minor categories, but not both in the same patient. 

‘The CRP value must be greater than the upper limit of normal for 
the laboratory. Because ESR may evolve during the course of ARF, 
peak ESR values should be used. 

ARF, acute rheumatic fever; CRP, C-reactive protein; ESR, 
erythrocyte sedimentation rate; GAS, group A streptococcal. 
Moditied from Gewitz MH, Baltimore RS, Tani LY, et al. Revision of 
the Jones criteria for the diagnosis of acute rheumatic fever in the 
era of Doppler echocardiography. Circulation. 2015;131:1806-1818. 


Conversely, there are children with isolated chorea or classic rheumatic 
carditis who have rheumatic fever without necessarily fulfilling the 
Jones criteria. When a diagnosis of rheumatic fever is considered in a 
child with joint symptoms, it is important to distinguish arthritis from 
arthralgia and to evaluate the nature of the arthritis when present. If 
the arthritis is nonmigratory and is not exquisitely tender, or if it 
involves unusual joints such as those in the hands, feet, or spine, or 
lasts longer than 1 week in a single joint, then alternative diagnoses 
should be strongly considered. 

Careful consideration of the diagnosis is especially important 
because of future implications regarding prognosis and treatment. Chil- 
dren with rheumatic fever may develop carditis with future episodes of 
streptococcal pharyngitis; each episode of carditis can produce addi- 
tional heart valve damage. Therefore, prophylactic antibiotic treatment 
is recommended to minimize streptococcal infections, even for patients 
who do not have carditis with the initial attack. For those without car- 
ditis, most authorities recommend prophylaxis until age 21 years or for 
5 years, whichever is longer. For patients with carditis, this recommen- 
dation is extended to 10 years or to age 21, whichever is longer. If there 
is residual valvular damage, prophylaxis is recommended for 10 years or 


SECTION 7 Musculoskeletal Disorders 


until age 40, whichever is longer. Prophylaxis is usually either daily 
oral penicillin or monthly intramuscular injections of long-acting 
penicillin. 


Henoch—Schonlein Purpura 


HSP is an acute self-limited systemic vasculitis of children character- 
ized by the classic triad of palpable purpura, arthritis, and nephritis. It 
occurs most commonly between the ages of 3 and 15 years. The pres- 
ence of palpable purpura is essential for the diagnosis of HSP. Typically, 
the rash presents as petechiae that coalesce into larger purpura on 
dependent areas such as the buttocks and legs. The rash is often edema- 
tous and on occasion can become ulcerative. Arthritis occurs in up to 
80% of children with HSP, is typically acute with significant pain and 
limitation of range of motion, and usually resolves within days to a 
week. Large joints tend to be affected and the arthritis is nonmigratory. 
In the majority of cases, the rash of HSP precedes the development of 
arthritis, but occasionally, the arthritis may occur a few days before the 
rash. Other features that might suggest a diagnosis of HSP are gastro- 
intestinal symptoms, nephritis, or angioedema. Gastrointestinal symp- 
toms result from gut vasculitis causing intestinal edema and potentially 
ischemia and infarction of the gut. Gastrointestinal disease often pre- 
sents as episodic abdominal pain from intussusception, or with 
abdominal angina (postprandial abdominal pain related to intestinal 
ischemia). Rarely, hematochezia or currant jelly-like stools can result 
from intestinal necrosis. In up to a third of cases, abdominal pain will 
precede the rash. Nephritis may occur at any time up to 6 months after 
the initial presentation, and may manifest with hypertension or with 
proteinuria, hematuria, or casts on urinalysis. As such, serial urinalysis 
is recommended until 6 months after the initial presentation to survey 
for the development of nephritis. Angioedema can occur on the 
dorsum of the hands or feet, scalp, forehead, eyelids, and scrotum. The 
acute manifestations of HSP usually resolve in 1-2 weeks, though may 
recur episodically in less severe form for several weeks after. Nephritis 
is usually the most concerning complication that requires longer moni- 
toring and prompt referral to a pediatric nephrologist if urinary 
abnormalities persist. 


MYALGIA 


In the child with extremity pain, muscle pain needs to be distinguished 
from joint pain, bone pain, and the less common neuropathic pain. If 
the complaint is localized to the muscles, the differential diagnosis is 
narrowed considerably. Intermittent benign bilateral myalgia of the 
calves or thighs is 1 of the more common muscle pain presentations 
encountered in young children. These pains occur in an active child 
who has normal physical examination findings without evidence of 
weakness or systemic illness. Symptoms typically occur in the evening 
and resolve with massage or mild analgesics such as acetaminophen or 
ibuprofen, usually within an hour. The frequency of pain can vary and 
in some children may escalate periodically. Additional evaluation or 
treatment is unnecessary in most children, and eventually the pains 
resolve completely. 

As myalgia may accompany polymyositis and dermatomyositis, 
every child complaining of muscle pain should undergo careful muscle 
strength testing. Myalgia may also be seen with vasculitis and SJIA. 
Many children with acute-onset diffuse myalgia have a transient viral 
illness, and pain usually resolves within several days; however, infection 
with influenza can cause an exquisitely painful myositis of the gastroc- 
nemius muscles with resultant difficulty ambulating. This condition is 
usually distinguished easily from a chronic inflammatory muscle 
disease by the sudden onset and localization to these specific muscles. 
The creatine kinase level may be very elevated. Myoglobinuria may 


ensue and potentially affect renal function; therefore, affected children 
should undergo urinalysis, in which the presence of myoglobin yields 
positive results for heme on macroscopic analysis, though no erythro- 
cytes on microscopic examination. The myositis resolves within several 
days, and treatment is based on symptoms. 


Complex Regional Pain Syndrome 


CRPS is rare in childhood and is not well understood. After a seemingly 
minor injury, affected children develop intense pain in an extremity or 
part of an extremity. Additional symptoms include intermittent auto- 
nomic changes such as discoloration, coolness, and localized excessive 
sweating. The pain leads to progressive disability of the extremity, 
occasionally resulting in fixed posturing of a hand, foot, or limb. 
Severely affected children become disabled, are unable to ambulate at 
times, and are often unable to attend school. Psychosocial comorbidity 
is common. The treatment is analgesia, intense physical and occupa- 
tional therapy, education, and psychologic counseling. Some children 
improve dramatically within a few days of instituting therapy, whereas 
in others, treatment is difficult and the process lasts indefinitely. In 
some instances, sympathetic nerve blockade is helpful. 
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TABLE 33.18 Potential Pitfalls in Diagnosis 


Do 

1. Examine all joints. 

2. Order radiographs of both affected and contralateral joints. 

3. Ask parents to photograph swelling and rashes. 

4. Explore the complete history including the psychosocial history in all 
patients. 

5. Perform a thorough physical examination. 


Do Not 
1. Indiscriminately order ANA tests, RF tests, or Lyme antibody tests in 
patients who do not have clinical features consistent with these 
conditions. 
. Confuse arthralgia (joint pain) with arthritis (inflammation). 
. Treat with prednisone before a diagnosis Is clear. 
. Accept laboratory results at odds with your experience; repeat tests if 
necessary. 
. Be afraid to say, “| don t know.” 


ANA, antinuclear antibody; RF, rheumatoid factor. 


The differential diagnosis of arthritis is extensive. Thorough history 
and physical examination, especially repeated over time, are essential 
in establishing a diagnosis and initiating a treatment plan. Potential 
diagnostic pitfalls are noted in Table 33.18. Red flags include manifes- 
tations suggestive of septic arthritis (fever, single joint involvement, 
erythema, extreme tenderness, leukocytosis), malignancy (severe poly- 
arthralgia, night pain, nonarticular bone pain, absence of obvious 
swelling or stiffness, positive radiographic changes, and abnormal 
CBC), Lyme disease, and Kawasaki disease. Multiple organ system 
involvement may be primary (as in SLE and rheumatic fever) or sec- 
ondary to therapy and must be considered in order to avoid ongoing 
extraarticular involvement, which may be more life-threatening than 
the articular process. 

In addition, the child with a history of injury and the acute onset 
of extremity pain may have a fracture or traumatic hemarthrosis and 
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requires prompt evaluation. Any child with extremity pain, including 
children with arthritis, may have leukemia or neuroblastoma. Systemic 
symptoms, such as fatigue and poor appetite with weight loss, may 
accompany the pain and increase suspicion of malignancy. Deep bone 
pain caused by marrow invasion may not be accompanied by any 
obvious physical findings. A normal or slightly low platelet count with 
an elevated ESR increases the suspicion of malignancy. If leukemia is 
suspected, a CBC should be obtained and a bone marrow aspiration 
should be performed. This is particularly important if treatment with 
steroids or other immunosuppressive medications is being considered. 
Steroids may alleviate a rheumatic condition but may also place a child 
with leukemia at risk for relapse with steroid-resistant disease. 


REFERENCES 


General 

Cassidy JT, Petty RE, Laxer RM, et al., eds. Textbook of Pediatric 
Rheumatology. 7th ed. Philadelphia: Elsevier; 2016. 

Firestein GS, Budd RC, Gabriel SE, et al., eds. Kelley’s Textbook of 
Rheumatology. 9th ed. Philadelphia: WB Saunders; 2013. 

Hochberg MC, Silman AJ, Smolen JS, et al., eds. Rheumatology. 5th ed. 
Philadelphia: Mosby Elsevier; 2011. 

Jacobs JC. Pediatric Rheumatology for the Practitioner. 2nd ed. New York: 
Springer-Verlag; 1993. 


Juvenile Idiopathic Arthritis 

Grom AA, Mellins ED. Macrophage activation syndrome: advances towards 
understanding pathogenesis. Curr Opin Rheumatol. 2010322(5):561-566. 

Jones OY, Spencer CH, Bowyer SL, et al. A multicenter case-control study on 
predictive factors distinguishing childhood leukemia from juvenile 
rheumatoid arthritis. Pediatrics. 2006;117(5):e840-e844. 

Kahn PJ. Juvenile idiopathic arthritis: what the clinician needs to know. Bull 
Hosp Jt Dis. 2013371(3):194-199. 

Petty RE, Southwood TR, Manners P, et al. International League of 
Associations for Rheumatology classification of juvenile idiopathic 
arthritis: second revision, Edmonton, 2001. J Rheumatol. 
2004;31(2):391-392. 

Prahalad S, Glass DN. A comprehensive review of the genetics of juvenile 
idiopathic arthritis. Pediatr Rheumatol Online J. 2008;6:11. 

Ravelli A, Martini A. Juvenile idiopathic arthritis. Lancet. 
20073;369(9563):767-778. 

Stoll ML, Punaro M. Psoriatic juvenile idiopathic arthritis: a tale of two 
subgroups. Curr Opin Rheumatol. 2011;23(5):437-443. 


Systemic Lupus Erythematosus 

Lahita RG. Systemic Lupus Erythematosus. 5th ed. London: Elsevier; 2011. 

Levy DM, Kamphuis S. Systemic lupus erythematosus in children and 
adolescents. Pediatr Clin North Am. 2012;59(2):345-364. 

Petri M, Orbai A, Alarcón GS, et al. Derivation and validation of the Systemic 
Lupus International Collaborating Clinics classification criteria for 
systemic lupus erythematosus. Arthritis Rheum. 2012;64(8):2677-2686. 

Ruiz-Irastorza G, Khamashta MA, Castellino G, et al. Systemic lupus 
erythematosus. Lancet. 2001;357(9261):1027-1032. 

Weiss JE. Pediatric systemic lupus erythematosus: more than a positive 
antinuclear antibody. Pediatr Rev. 2012;33(2):62-74. 


Infectious Arthritis 


American Academy of Pediatrics. Lyme disease. In: Kimberlin DW, Brady MT, 
Jackson MA, et al., eds. Red Book: 2015 Report of the Committee on 


CHAPTER 33 Arthritis 


Infectious Diseases. Elk Grove Village, IL: American Academy of Pediatrics; 
2015:516-525. 

Gutierrez KM. Infectious and inflammatory arthritis. In: Long SS, Pickering 
LK, Prober CG, eds. Principles and Practice of Pediatric Infectious Diseases. 
3rd ed. Philadelphia: Churchill Livingstone; 2008. 

Sood SK. Lyme disease in children. Infect Dis Clin North Am. 
2015;29(2):281-294. 

Steere AC. Lyme disease. N Engl J Med. 2001;345(2):115-125. 


Dermatomyositis 

Callen JP. Dermatomyositis. Lancet. 2000;355(9197):53-57. 

Dimachkie MM, Barohn RJ, Amato A. Idiopathic inflammatory myopathies. 
Neurol Clin. 2014;32(3):595-628. 

Rider LG, Katz JD, Jones OY. Developments in the classification and 
treatment of the juvenile idiopathic inflammatory myopathies. Rheum Dis 
Clin North Am. 2013;39(4):877-904. 

Robinson AB, Reed AM. Clinical features, pathogenesis and treatment of 
juvenile and adult dermatomyositis. Nat Rev Rheumatol. 
2011;7(11):664-675. 

Wedderburn LR, Rider LG. Juvenile dermatomyositis: new developments in 
pathogenesis, assessment and treatment. Best Pract Res Clin Rheumatol. 
2009;23(5):665-678. 


Scleroderma 
Amaral TN, Marques Neto JF, Lapa AT, et al. Neurologic involvement in 
scleroderma en coup de sabre. Autoimmune Dis. 2012;2012:719685. 


Other Causes of Arthritis and Extremity Pain 

Bruehl S. An update on the pathophysiology of complex regional pain 
syndrome. Anesthesiology. 20103113(3):713-725. 

da Silva NA, Pereira BA. Acute rheumatic fever. Still a challenge. Rheum Dis 
Clin North Am. 1997323(3):545-568. 

Gerber M, Baltimore R, Eaton C, et al. Prevention of rheumatic fever and 
diagnosis and treatment of acute streptococcal pharyngitis. A scientific 
statement from the American Heart Association Rheumatic Fever, 
Endocarditis, and Kawasaki Disease Committee, Council on 
Cardiovascular Disease in the Young, and the Quality of Care and 
Outcomes Research Interdisciplinary Working Group. Circulation. 
2009;119(11):1541-1551. 

Gewitz MH, Baltimore RS, Tani LY, et al. Revision of the Jones criteria for the 
diagnosis of acute rheumatic fever in the era of Doppler 
echocardiography. Circulation. 2015;131(20):1806-1818. 

Marinus J, Moseley GL, Birklein F, et al. Clinical features and pathophysiology 
of complex regional pain syndrome. Lancet Neurol. 2011;10(7):637-648. 

Reid-Adam J. Henoch-Schoénlein purpura. Pediatr Rev. 2014;35(10):447-449. 

Weiss PF. Pediatric vasculitis. Pediatr Clin North Am. 2012;59(2):407-423. 


54 


Gait Disturbances 


Shayne D. Fehr* 


Most gait disturbances are benign and resolve with normal growth and 
development. Others are pathologic in origin and necessitate treatment 
(Table 34.1). 


GAIT CYCLE 


The normal gait cycle is described by foot placement. The gait cycle 
begins with right heel strike, is followed by left toe-off, left heel strike, 
right toe-off, and ends with right heel strike. These 5 events describe 
1 gait cycle and include 2 phases: stance and swing. The stance phase 
is the period of time during which 1 of the 2 feet is on the ground. The 
swing phase is the period during which a limb is being advanced 
forward without ground contact. 

Measuring the duration of the gait cycle makes it possible to calcu- 
late the time required for each of the 5 phases. During normal gait, the 
duration of each phase is as follows: for weight acceptance, 11%; for 
single limb stance, 39%; for weight release, 11%; and for swing phase, 
39%. Velocity, cadence, step length, stride length, and step width may 
be calculated from the timed and measured gait cycle. 


DEVELOPMENT OF GAIT 


Central nervous system maturation is necessary for the development 
of normal gait and accounts for the normal progression of develop- 
mental milestones. The typical milestones for locomotion include 
independent sitting at 6 months of age, crawling at about 9 months, 
walking without assistance at 12-15 months, and running at 18 months. 
A normal 1-year-old child has a wide-based stance and a rapid cadence 
with short steps; the elbows are flexed and reciprocal arm motion is 
not present. Foot strike occurs without an initial heel strike. A 2-year- 
old child shows increased velocity, step length, and diminished cadence 
in comparison with a 1-year-old child. Most of the adult gait patterns 
are present in children by 3 years, with changes in velocity, stride, and 
cadence continuing to 7 years of age. The gait characteristics of a 
7-year-old child are similar to those of an adult. 


CLINICAL EVALUATION OF GAIT DISTURBANCES 
$ History 


The clinician should inquire about the pregnancy and delivery, the age 
at which developmental milestones occurred, the presence of any sys- 
temic illnesses (including chronicity, fever, rash, weight loss, and other 
organ system involvement), and whether there is a family history of 
any congenital musculoskeletal abnormalities or syndromes. With 


*The author would like to acknowledge George H. Thompson, MD, 
for his contribution to the previous version of this chapter. 
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regard to the gait disturbance, it is important to inquire when it was 
lst observed, whether it is unilateral or bilateral, whether it is associ- 
ated with any injuries or intercurrent systemic illnesses, and whether 
there has been a history of improvement or worsening with time. 


$ Physical Examination 

General Musculoskeletal Examination 

Although most of the findings in gait disturbances are confined to the 
lower extremities, the upper extremities and spine may be involved as 
part of an underlying disease process. A general assessment of all 
extremities and the spine should be performed to identify any abnor- 
mal motion, tenderness, swelling, deformity, or increased warmth. 

The lower extremity musculoskeletal examination should begin 
with the child ambulating in the examination room or adjacent 
hallway. The child must be adequately undressed and be observed from 
a distance while walking so that the trunk and lower extremities can 
be clearly visualized. The positions of the thighs, knees, lower legs, and 
feet should be observed during ambulation. Combining gait observa- 
tion with the history typically allows for diagnosing most of the 
common gait disturbances such as torsional variations (in-toeing and 
out-toeing), equinus gait (toe-walking), and limping. 

Examination of the lower extremities should include measurement 
of lower extremity lengths and assessment of the hip, knee, ankle, and 
subtalar joints. The thighs, lower legs, and feet are inspected for evi- 
dence of asymmetry, soft tissue swelling, or injury. Palpation for ten- 
derness or areas of increased warmth is performed. The shape of the 
foot is assessed for possible intrinsic deformity. 

Lower extremity length measurements. The most accurate method 
of measuring lower extremity length is to have the child stand on a 
firm, level surface with the examiner standing behind the child and 
placing index fingers over the lateral aspect of each of the child’s iliac 
crests. The presence or absence of pelvic obliquity is observed, and 
blocks of various heights are placed beneath the child’s foot on the 
short side until the pelvis is level. The height of the block indicates the 
amount of lower extremity length discrepancy. Measurements obtained 
by use of a tape measure can also be performed but are less accurate. 
The most common method is to measure from the anterior-superior 
iliac spine to the distal aspect of the medial malleolus. These landmarks 
are sometimes difficult to palpate accurately, and there can be consid- 
erable error using this method. 

Joint assessment. The ranges of motion of the hips, knees, ankles, 
and subtalar joints must be assessed. Hip flexion is measured, as are 
any flexion contractures. With the hip in extension, the degrees of 
abduction, adduction, internal rotation, and external rotation are mea- 
sured, preferably with a goniometer, and are recorded. Hip rotation is 
most accurately measured with the child in the prone position with 
the knees flexed. Older children and adolescents are typically more 
comfortable when measured in the supine position with hips and 


Causes of Gait Disturbances 


TABLE 34.1 


Mechanical 

Acute injuries (accidental or nonaccidental) 
Overuse conditions (mainly sports-related) 
Dysplastic lesions 

Limb length discrepancy 


Osseous 

Legg—Calvé—Perthes disease 

Osteochondritis dissecans of knee and talus 
Slipped capital femoral epiphysis 
Osteomyelitis 

Diskitis 

Osteoid osteoma or other primary bone tumor 


Articular 

Developmental hip dysplasia 
Septic arthritis 

Transient synovitis 

Rheumatic disease (JIA, SLE) 
Hemophilia-related hemorrhage 
Ankylosis of a joint 


Neurologic 

Guillain—Barré syndrome and other peripheral neuropathies 
Intoxication 

Cerebellar ataxia 

Brain tumor 

Lesion occupying spinal cord space 
Posterior column spinal cord disorders 
Myopathy 

Hemiplegia 

Complex regional pain syndrome 
Cerebral palsy 


Hematologic/Oncologic 
sickle cell pain crisis 
Leukemia, lymphoma 
Metastatic tumor 

Langerhans cell histiocytosis 


Other 

Soft tissue Infection 
Myositis 

Fasciitis 

Bursitis 

Kawasaki disease 
Conversion disorder 
Gaucher disease 
Phlebitis 

Scurvy 

Rickets 

Peritonitis 


JIA, juvenile idiopathic arthritis; SLE, systemic lupus erythematosus. 


knees flexed to 90 degrees. Knee flexion and extension, ankle dorsiflex- 
ion, and plantar flexion, as well as subtalar motion, must be assessed 
and recorded. 

Spinal evaluation. Spinal mobility should be assessed because 
abnormalities such as spondylolysis, nerve root impingement, diskitis, 
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and tumors may manifest as a gait disturbance. The child’s ability to 
flex forward and to reverse lumbar lordosis is a sign of normal mobility 
(see Chapter 35). Areas of vertebral bone tenderness and muscle spasm 
are determined by direct palpation. 


Neurologic Evaluation 


Many gait disturbances have a neurologic cause or association. The 
neurologic examination should include muscle strength testing, 
sensory assessment (particularly to establish the specific level of any 
potential sensory deficits), deep tendon reflexes, and pathologic 
reflexes, such as the Babinski sign. Abnormal rectal tone or bladder 
distention is concerning for a spinal lesion. 


© Radiographic Assessment 


The need for radiographic evaluation is based on the differential diag- 
nosis. For many gait disturbances, radiographic assessment is not 
required. When necessary, plain radiographs of the lower extremities, 
pelvis, or spine are obtained first, followed by special diagnostic studies, 
such as a teleoroentgenogram to assess for lower extremity length 
discrepancy, technetium bone scan to localize occult lesions such as 
avascular necrosis or stress fracture, and computed tomography (CT) 
to characterize specific lesions. Magnetic resonance imaging (MRI) is 
helpful in the diagnosis of occult or soft tissue lesions, such as infec- 
tion, tumors, or metabolic bone disease, as well as other pathologic 
structural processes of the spine, such as syrinx, tethered cord, or disk 
anomaly. 


® Laboratory Tests 


Tests such as complete blood cell count with differential, erythrocyte 
sedimentation rate, and C-reactive protein level are indicated if an 
infectious, rheumatic, or otherwise inflammatory condition is sus- 
pected. Rheumatoid factor and antinuclear antibody determinations 
are less helpful in the diagnosis of rheumatic causes of gait distur- 
bances (see Chapter 33). Other tests may be indicated for the diagnosis 
of specific disorders. Electromyography, nerve conduction studies, 
muscle biopsies, and nerve biopsies are frequently necessary in the 
diagnosis of myopathic or neuropathic disorders (see Chapter 29). 
Determinations of creatine phosphokinase, aldolase, and aspartate 
aminotransferase levels are important in the evaluation of striated 
muscle function and should be ordered if an underlying myopathy or 
myositis is suspected. 


GAIT DISTURBANCES 


The 3 most common categories of gait disturbances of childhood are 
torsional variations (in-toeing and out-toeing), toe-walking (equinus 
gait), and limping. 


Torsional Variations 


The presence of in-toeing or out-toeing does not necessarily imply an 
abnormality of the foot; rather, it indicates only the direction in which 
the foot is pointing during ambulation. Torsional variations can be 
located from the proximal (i.e., the hip) to the distal (i.e., the foot) 
region in the involved extremity. Some causes, such as clubfeet, are 
obvious, whereas others are subtle. Most torsional variations resolve 
with normal growth and development. The common causes of 
in-toeing and out-toeing are listed in Table 34.2. 


Normal Developmental Alignment 

In utero positioning affects the alignment of the lower extremities of 
infants. In the typical in utero position, the hips are flexed, abducted, 
and externally rotated; the knees are flexed; and the lower legs are 
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internally rotated. The feet are in a supinated position against the 
posterolateral aspect of the opposite thigh. The musculoskeletal exami- 
nation of an infant characteristically shows 20- to 30-degree hip flexion 
contractures, 50-60 degrees of abduction, 80-90 degrees of external 
rotation in extension, and minimal or no internal rotation. The knees 
have 20- to 30-degree flexion contractures, and internal tibial torsion 
is present. These are normal findings. The increased external rotation 
of the hip is caused not by femoral retroversion but rather by a poste- 
rior hip capsule contracture, which begins to resolve at the time of 
independent ambulation. 

The combination of external rotation at the hip and internal rota- 
tion of the lower leg produces a bowed appearance of the lower 


TABLE 34.2 Common Causes of In-Toeing 
and Out-Toeing 


In-Toeing Out-Toeing 


Medial (internal) femoral torsion Lateral (external) femoral torsion 
Medial (internal) tibial torsion Lateral (external) tibial torsion 
Metatarsus adductus Calcaneovalgus feet 


Talipes equinovarus (clubfoot) Hypermobile pes planus 
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extremities in the weight-bearing position. This is not true bowing, but 
rather reflects this torsional combination. After the child attains inde- 
pendent ambulation, this bowed appearance resolves over a 6- to 
12-month period. 

Physiologic genu valgum (“knock knees”) is seen between 3 and 4 
years of age. This is true genu valgum and is not the result of torsional 
variations. This condition resolves with growth and normal adult knee 
alignment is obtained between 5 and 8 years of age. Newborns have a 
mean varus alignment of 15 degrees that corrects to neutral alignment 
between 18 and 20 months of age. The maximum valgus of 12 degrees 
occurs by 3-4 years of age. By 7 years of age, the valgus alignment cor- 
rects to that of a normal adult (8 degrees in females, 7 degrees in 
males). Overall, 95% of cases of developmental physiologic genu 
varum and genu valgum resolve with growth, even in children with 
more pronounced physiologic genu varus or genu valgus. In some 
children, the condition may not completely correct until adolescence. 


Torsional Profile 
The torsional or rotational profile aids in the diagnosis and sequential 
follow-up of children with torsional variations (Fig. 34.1). 

Foot progression angle. The foot progression angle, which is the 
direction of the long axis of the foot with regard to the direction in 
which the child is walking (Fig. 34.2), should be measured. Inward 
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FIGURE 34.1 The torsional or rotational profile from birth to maturity. A, The rotational profile is assessed 
and tracked at each visit. B, Mean foot progression angle (FPA) by age. C, Mean femoral medial rotation in 
girls by age. D, Mean femoral medial rotation in boys by age. E, Mean lateral rotation by age. F, Mean thigh- 
foot angle. All graphs include 2 standard deviations from the mean. (From Morrissey RT, Weinstein SL, eds. 
Lovell and Winter's Pediatric Orthopaedics. 3rd ed. Philadelphia: Lippincott Williams & Wilkins; 1990.) 


rotation is given a negative value and outward rotation a positive value. 
A normal foot progression angle in children and adolescents is 10 
degrees (range, —3 to +20 degrees). The foot progression angle defines 
whether the gait is normal or if there is an in-toeing or out-toeing gait. 
The latter is considered abnormal when the foot progression angle 
exceeds 20 degrees. Recording the angle allows for comparison during 
follow-up evaluations. 

Hip rotation. Measuring hip rotation allows for indirect assessment 
of femoral version. Typically, the femoral neck creates an anteriorly 
directed angle with the transcondylar axis of the distal femur (Fig. 
34.3). This anterior angulation is known as femoral anteversion and 
decreases from approximately 40 degrees at birth to 15 degrees by 
maturity. Increased internal rotation at the hip indicates excessive 
anteversion, and increased external rotation at the hip indicates 


FIGURE 34.2 Foot progression angle. The long axis of the foot is 
compared with the direction in which the child is walking. If the foot 
points outward, the angle is positive. If the foot points inward, the angle 
Is negative. 
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retroversion. Hip rotation is assessed with the child in the prone posi- 
tion with the knees together and flexed 90 degrees (Fig. 34.4). In this 
position, the hip is in neutral alignment. Rotating the lower leg out- 
wardly produces internal rotation of the hip; rotating the lower leg 
inwardly produces external rotation of the hip. A newborn hip in 
extension typically rotates externally 80-90 degrees and has a limited 
internal rotation of 0-10 degrees. By 1 year of age, there is approxi- 
mately 30-40 degrees of internal rotation. Hip rotation should be bilat- 
erally symmetric. Asymmetric rotation is often indicative of a hip 
disorder and necessitates radiographs of the pelvis. The mean hip 
internal rotation in extension in older males is 50 degrees (range, 25-65 
degrees), and that in females is 40 degrees (range, 15-60 degrees). 

Thigh-foot angle. With the child in the prone position and the 
knees approximated and flexed 90 degrees, the long axis of the foot in 
the neutral or simulated weight-bearing position can be compared 
with the long axis of the thigh (Fig. 34.5). Inward rotation is given a 
negative value, whereas outward rotation is given a positive value. 
Inward rotation is indicative of internal tibial torsion, and outward 
rotation represents external tibial torsion. This angle must be accu- 
rately measured and recorded. The mean thigh-foot angle is 10 degrees 
(range, —5 to +30 degrees) from middle childhood through adult life. 
Infants have a mean thigh-foot angle of —5 degrees (range, —35 to +40 
degrees) as a consequence of the normal in utero position. 

Foot shape. With the child again in the prone position, the shape 
of the foot is easily appreciated, allowing for assessment of children 
with metatarsus adductus or a calcaneovalgus foot. The mobility of the 


Longitudinal axis 
of femoral neck 


Coronal plane of 
femur as expressed 
by transcondylar line 


Angle of 
anteversion 


FIGURE 34.3 Femoral version. Typically, the femoral neck creates an 
anteriorly directed angle with the transcondylar axis of the distal femur. 


FIGURE 34.4 Hip rotation in extension. The child is in the prone position, with the knees flexed 90 degrees. 
The lower leg is vertically oriented. This is considered the neutral position. Outward rotation (A) of the leg 
produces internal hip rotation; inward rotation (B) produces external hip rotation. 
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FIGURE 34.5 Thigh-foot angle. With the child in the prone position and the knees flexed and approximated, 
the long axis of the foot can be compared with the long axis of the thigh. The long axis of the foot bisects 
the heel and the 3rd or middle toe. External tibial torsion (A) produces excessive outward rotation. Normal 
alignment (B) is characterized by slight external rotation. Internal tibial torsion produces inward rotation (C). 


FIGURE 34.6 VW-sitting is the position of comfort for children with 
increased femoral anteversion. 


ankle and subtalar joint can also be evaluated with the child in this 
position. 


In-Toed Gait 


Internal femoral torsion. Increased femoral anteversion, also 
referred to as internal femoral torsion, is the most common cause of 
in-toeing in children 3 years of age or older and occurs twice as often 
in girls as in boys. Many affected children have generalized ligamen- 
tous laxity. Increased femoral anteversion is secondary to excessive or 
persistent infantile femoral anteversion and is almost always a benign 
condition that typically improves by 8-9 years of age. Severe antever- 
sion or lack of progressive improvement by late childhood warrants 
referral to an orthopedic surgeon. 

Children with increased anteversion often run with a circumduc- 
tion gait secondary to internal rotation at the hip, and the parents may 
note that the child W-sits rather than sitting cross-legged (Fig. 34.6). 
W- sitting is of no concern developmentally, is the position of comfort 
for the child, and does not cause or worsen in-toeing in children. 
Children will typically stop sitting in this position after sufficient 
improvement in the internal torsion allows them to sit cross-legged 
more comfortably. Common femoral anteversion should not be viewed 
as a reason for decreased athletic ability or as a risk factor for arthritis, 
bunions, or back pain. A relationship with patellofemoral pain has 
been reported. 

Physical examination. Gait assessment reveals that the entire 
lower extremity is inwardly rotated during ambulation. Foot progres- 
sion angle is negative and a circumduction-type gait may be noted. 
Hip rotation assessment characteristically reveals 80-90 degrees of 


FIGURE 34.7 A, Clinical photograph of a 5-year-old girl demonstrating 
internal femoral torsion. She has approximately 80 degrees of internal 
rotation bilaterally. B, External rotation is limited to approximately 15 
degrees, for a total arc of rotation of 90-95 degrees. 


internal rotation in the prone, extended position (Fig. 34.7). External 
rotation, as a consequence, is limited to 0-10 degrees. Features of gen- 
eralized ligamentous laxity are often present, including elbow, wrist, 
and finger hyperextension, thumb hyperabduction, knee hyperexten- 
sion, and hypermobile pes planus. 

Radiographic evaluation. Radiographic evaluation of internal 
femoral torsion is not necessary. Anteroposterior radiographs of the 
pelvis are typically normal, but there may be the appearance of a rela- 
tively vertical femoral neck angle, or coxa valga. If coxa valga is noted, 
repeating the radiograph with the hips in 15 degrees of abduction and 


30-40 degrees internal rotation will typically reveal a normal femoral 
neck angle. In more severe cases, MRI, CT, or ultrasonography of the 
proximaland distal femur can be used to accurately measure the degree 
of torsion. 

Internal tibial torsion. Internal tibial torsion is the most common 
cause of in-toeing in children younger than 2 years and is secondary 
to normal in utero positioning. This condition is commonly seen 
during the 2nd year of life and may be associated with metatarsus 
adductus. Significant improvement usually does not occur until the 
child begins to pull up to standing and walk independently. Spontane- 
ous resolution with normal growth and development can be antici- 
pated typically by 4-5 years of age. Rarely, persistent or severe internal 
tibial torsion in an older child or adolescent may necessitate surgical 
derotation. 

Physical examination. The degree of tibial torsion can be assessed 
by measuring the thigh-foot angle (see Fig. 34.5). The measurements 
should be recorded on each visit to the physician to document 
improvement. 

Radiographic evaluation. Radiographic evaluation of internal 
tibial torsion is not necessary. MRI and CT can assess the degree of 
tibial torsion, but these are rarely required. 

Metatarsus adductus. Metatarsus adductus is the most common 
congenital foot deformity, occurs equally in boys and girls, and is 
bilateral in approximately 50% of cases. Metatarsus adductus has 
hereditary tendencies and is more common in Ist-born children, most 
likely as a result of increased molding from the more rigid primi- 
gravida uterus and abdominal wall. Up to 10% of children with meta- 
tarsus adductus have developmental dysplasia of the hip. Significant 
metatarsus adductus persisting or manifesting after 4 years of age may 
require surgical correction. 

Physical examination. In metatarsus adductus, the forefoot is 
adducted and occasionally supinated, while the hindfoot and midfoot 
are normal. A visual line bisecting the heel should normally pass 
through the 2nd toe or 2nd web space; in metatarsus adductus this line 
intersects the forefoot more laterally. The lateral border of the foot is 
convex, the base of the 5th metatarsal is prominent, and the medial 
border of the foot is concave. There is usually an increased interval 
between the Ist and 2nd toes, with the great toe being held in an 
inwardly rotated or varus position (Fig. 34.8). Ankle range of motion 
is normal. Forefoot mobility, assessed by stabilizing the hindfoot and 
midfoot in a neutral position and applying pressure over the 1st meta- 
tarsal head with the opposite hand, can vary from flexible to rigid. 
Most cases of flexible metatarsus adductus resolve by several months 


FIGURE 34.8 Foot shape. In the same position as for measurement 
of the thigh-foot angle, the shape of the foot can also be evaluated. In 
this illustration, the left foot has normal alignment and the right foot 
demonstrates metatarsus adductus. 
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of age; rigid deformities may require surgical correction. In the walking 
child with an uncorrected or partially corrected metatarsus adductus, 
there is an in-toed gait, abnormal shoe wear, and possible discomfort 
from shoe pressure. 

Radiographic evaluation. Radiographs of the foot are not neces- 
sary for routine, flexible metatarsus adductus. When obtained, antero- 
posterior and lateral weight-bearing radiographs demonstrate 
adduction of the metatarsals at the tarsometatarsal joint and an 
increased intermetatarsal angle between the 1st and 2nd metatarsals. 
The midfoot and hindfoot are usually normal. Radiographs should be 
obtained if the deformity is rigid or if there are any suspected abnor- 
malities of the midfoot or hindfoot. 

Talipes equinovarus (clubfoot). Talipes equinovarus is classified as 
either positional or congenital. Positional clubfoot is a normal foot 
that has been held in the deformed position in utero, and which is 
flexible on examination in the newborn nursery. Congenital clubfoot 
represents a deformity not only of the foot but also of the entire lower 
leg and is categorized as either idiopathic or syndromic. There is a 
spectrum of severity, but clubfoot associated with neuromuscular diag- 
noses or syndromes is typically rigid and more difficult to treat. Club- 
foot is also extremely common in patients with spinal dysraphism, 
arthrogryposis, and chromosomal syndromes such as trisomy 18 and 
chromosome 22q11.2 deletion syndrome. 

Congenital clubfoot, when diagnosed and treated in infancy with 
serial casting, typically does not produce a gait disturbance. However, 
foot contact pressures may remain high, indicating that gait is not 
entirely normal following correction. In-toeing secondary to per- 
sistent internal tibial torsion is common after appropriate treatment. 
A mild lower extremity length discrepancy of up to 2 cm may be 
seen in adolescence, but usually does not produce a limp or neces- 
sitate treatment. On occasion, residual muscle imbalance may cause 
the child to walk on the lateral border of the foot, leading to 
discomfort and an antalgic gait that may require further surgical 
correction. 


Out-Toed Gait 


External femoral torsion. Femoral retroversion, also referred to as 
external femoral torsion, is a rare disorder that usually causes no sig- 
nificant functional impairment unless it is associated with a slipped 
capital femoral epiphysis (SCFE). If the femoral retroversion is caused 
by SCFE, the slip is treated surgically. On occasion, persistent femoral 
retroversion following surgical treatment of SCFE can lead to ongoing 
functional impairment, such as a severe out-toed gait and difficulty in 
approximating the knees in the sitting position, and may require 
further surgical correction. 

Physical examination. Children with external femoral torsion 
demonstrate limited internal rotation and excessive external rotation 
when the hip is examined in the extended position. The hip externally 
rotates 70-90 degrees, whereas internal rotation is only 0-20 degrees. 
Idiopathic external femoral torsion is usually bilateral. If the deformity 
is unilateral, especially in an obese older child or a young adolescent, 
SCFE must be considered and evaluated. 

Radiographic evaluation. Anteroposterior and frog-leg lateral 
radiographs of the pelvis are necessary for any child or adolescent 
presenting with external femoral torsion, especially one who is obese, 
has atraumatic or referred anterior thigh or knee pain, or has unilateral 
deformity. Approximately 20% of children with SCFE have simultane- 
ous bilateral involvement. The typical changes of SCFE include widen- 
ing of the physis and an abnormal relationship between the capital 
femoral epiphysis (CFE) and the femoral neck. The femoral head 
appears to be slipped inferiorly and posteriorly, but in actuality, the 
femoral neck is rotated anteriorly and superiorly. 


External tibial torsion. External tibial torsion is common and is 
secondary to a normal variation of in utero positioning in which the 
plantar surface of the foot is against the wall of the uterus, forcing it 
into a hyperdorsiflexed, everted position. This rotated alignment pro- 
duces external tibial torsion and typically an associated calcaneovalgus 
foot (Fig. 34.9). When this alignment of the lower leg and foot is com- 
bined with the exaggerated external rotation of the normal newborn 
hip, the lower extremity appears to have severe out-toeing and external 
rotation. This condition follows the same clinical course as internal 
tibial torsion in that significant improvement does not occur during 
the Ist year of life. With the onset of independent ambulation, 
spontaneous improvement begins and is typically complete by 2-3 
years of age. 

Physical examination. External tibial torsion results in a positive 
thigh-foot angle of 30-50 degrees. 

Radiographic evaluation. Radiographic assessment for external 
tibial torsion is not necessary. 

Calcaneovalgus foot. The calcaneovalgus foot is common in new- 
borns and is secondary to in utero positioning (see Fig. 34.9). The foot 
is hyperdorsiflexed with varying degrees of eversion and forefoot 
abduction. External tibial torsion is usually present. Calcaneovalgus 
foot is typically unilateral but may occasionally be bilateral. The hyper- 
dorsiflexion of the foot usually resolves during the Ist 3-6 months of 
life. On occasion, resistant feet may require passive stretching, taping, 
or casting into a plantar flexed position. Usually, by the time the child 
begins to pull to standing and walk independently, the calcaneovalgus 
condition has resolved. The external tibial torsion, however, persists 
and follows the same natural history as internal tibial torsion. 

Physical examination. The involved extremity demonstrates out- 
toeing, the dorsum of the foot can easily be brought into contact with 
the anterior aspect of the lower leg, and the forefoot has an abducted 
appearance. The increased dorsiflexion should not be confused with 
the increased joint mobility of premature infants. The deformity is 
flexible, and plantar flexion of the ankle is normal or almost normal. 
External tibial torsion of 30-50 degrees is a common associated finding. 

Calcaneovalgus foot must be distinguished from the following 3 
conditions: (1) congenital vertical talus, (2) posteromedial bowing of 
the tibia, and (3) neuromuscular abnormalities, such as paralysis of the 


FIGURE 34.9 A, A clinical photograph of a 2-month-old girl demon- 
strating excessive external tibial torsion. This reverse or anterior thigh- 
foot angle shows approximately 50 degrees of external tibial torsion. 
B, A calcaneovalgus foot with forefoot abduction and increased hind- 
foot valgus in the same infant. There is also hyperdorsiflexibility of the 
foot in the ankle. 
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gastrocnemius muscle. Differentiation is typically based on physical 
examination findings, though radiographs may be required. Con- 
genital vertical talus results in a rocker-bottom appearance to the foot. 
The deformity is rigid, as opposed to the flexible deformity seen with 
a calcaneovalgus foot. In posteromedial bowing of the tibia, the apex 
of the deformity is in the distal tibia, whereas the apex of the deformity 
in a calcaneovalgus foot is located at the ankle. 

Radiographic evaluation. Simulated weight-bearing anteroposte- 
rior and lateral radiographs of the foot may be necessary to differenti- 
ate between the calcaneovalgus foot and a congenital vertical talus. In 
a calcaneovalgus foot, the radiographs either are normal or reveal an 
increase in hindfoot valgus. In the congenital vertical talus, the hind- 
foot is in equinus, whereas the midfoot and the forefoot are dorsally 
displaced, producing a rocker-bottom appearance. Anteroposterior 
and lateral radiographs of the tibia and fibula are necessary if there is 
bowing of the lower leg. 

Hypermobile pes planus. Hypermobile, flexible, or pronated feet 
are flatfeet, a common cause of concern to parents. Children with this 
deformity are usually asymptomatic and have no limitation of activi- 
ties. An individual may present for concerns of out-toeing because of 
the overpronation of the midfoot and hindfoot, which may allow the 
forefoot to become abducted. Flexible flatfeet are also common in 
neonates and toddlers as a result of the associated laxity in the bone- 
ligament complexes of the feet and the abundant fat in the area of the 
medial longitudinal arch. Most children with flatfeet improve by 6 
years of age. In the older child, flexible flatfeet are usually secondary 
to generalized ligamentous laxity. Most older children and adolescents 
with flexible flatfeet or hypermobile pes planus are asymptomatic, 
though feet that are symptomatic with vigorous physical activity 
usually respond readily to the use of commercially available medial 
longitudinal arch supports. When the child has excessive heel valgus, 
pronation, or abnormal shoe wear that is unresponsive to a commer- 
cially or custom-made arch support, the use of a UCB (University of 
California, Berkeley) orthosis may be beneficial. Surgery is rarely 
indicated. 

Physical examination. In the non—weight-bearing position in the 
older child with a flexible flatfoot, the normal medial longitudinal arch 
is visible, but in the weight-bearing position, the foot becomes pro- 
nated with varying degrees of pes planus and hindfoot valgus. Instead 
of bearing weight over the lateral column of the foot, the weight is 
shifted medially, producing pronation. Subtalar motion is examined 
with the ankle in the neutral position and should be normal or slightly 
increased. Loss of subtalar motion may indicate a rigid flatfoot. 
Common causes of rigid flatfeet include Achilles tendon contracture, 
tarsal coalition, and neuromuscular disorders. Rigid flatfeet may also 
be a familial trait. Other joints, especially the elbows, hands, and knees, 
usually demonstrate generalized ligamentous laxity in patients with 
flexible flatfeet. Children with flexible flatfeet should be evaluated for 
external tibial torsion. 

Radiographic evaluation. Radiographs of asymptomatic flexible 
flatfeet are usually not indicated. Standing, anteroposterior, and lateral 
weight-bearing radiographs are obtained, if necessary. The most 
common indication is the presence of pain (‘Table 34.3). Anteroposte- 
rior radiographs reveal an increase in the talocalcaneal angle (>25 
degrees) caused by the excessive hindfoot valgus. The lateral view 
shows distortion of the normal straight-line relationship between the 
long axis of the talus and the lst metatarsal and flattening of the 
normal medial longitudinal arch. 


Equinus Gait (Toe-Walking) 
Toe-walking can be a normal finding in children up to 3 years of age. 
Persistent toe-walking thereafter or acquired toe-walking at a later age 


TABLE 34.3 Differential Diagnosis of Foot 
Pain According to Age 


Age Group Diagnostic Considerations 


0-6 yr Poorly fitting shoes 
Fracture 

Puncture wound 

Foreign body 

Osteomyelitis 

Cellulitis 

Juvenile idiopathic arthritis 
Hair tourniquet 

Leukemia 


Poorly fitting shoes 

Trauma (fracture, sprain) 

Juvenile idiopathic arthritis 

Puncture wound 

Sever disease (calcaneal apophysitis) 
Accessory tarsal navicular bone 
Hypermobile flatfoot 

Oncologic (Ewing sarcoma, leukemia) 


Poorly fitting shoes 

Stress fracture 

Trauma (fracture, sprain) 

Foreign body 

Ingrown toenail 

Metatarsalgia 

Plantar fasciitis 

Achilles tendinopathy 

Accessory ossicles (navicular, os trigonum) 

Tarsal coalition 

Avascular necrosis of metatarsal (Freiberg 
infarction) or navicular (Kohler disease) bones 

Plantar warts 


From Marcdante K, Kliegman R, eds. Nelson Essentials of Pediatrics. 
7th ed. Philadelphia: Saunders; 2015. 


is considered abnormal and necessitates careful evaluation. The dif- 

ferential diagnosis for persistent or acquired toe-walking includes the 

following: 

1. Neuromuscular disorders, such as cerebral palsy, Duchenne mus- 
cular dystrophy, or spinal cord abnormality resulting from a teth- 
ered spinal cord or diastematomyelia 

2. Congenital Achilles tendon contracture (idiopathic toe-walking) 

Habitual toe-walking 

4. Lower extremity length discrepancy 
The differentiation of toe-walking can usually be determined from 

the history and the physical examination. The examiner should estab- 

lish the time at onset, the amount of time a child spends walking on 
his or her toes, whether it can be voluntarily corrected, and whether 
there has been improvement or worsening over time. 


had 


Neuromuscular Disorders 


The neuromuscular disorder most likely to produce an equinus gait, 
either unilateral or bilateral, is cerebral palsy. The most common type 
of cerebral palsy is spastic diplegia, a disorder in which the lower 
extremities are more involved than the upper extremities. Prematurity 
is a common risk factor for spastic diplegia. It can be symmetric or 
asymmetric, with 1 side being slightly more involved than the other. 
Spastic diplegia tends to produce a bilateral equinus gait. Spastic 
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hemiplegia, in which only 1 side is involved, is usually caused by birth 
trauma (asphyxia), perinatal stroke, or underlying congenital malfor- 
mation and results in unilateral toe-walking. 

Acquired or late-onset toe-walking is usually a result of a develop- 
ing neuromuscular disorder, such as Duchenne muscular dystrophy. 
As fat and fibrous tissues replace muscle, equinus and other contrac- 
tures occur. There is usually a history of progressive clumsiness and 
frequent episodes of falling. The diagnosis of muscular dystrophy is 
usually made when the child is between 3 and 5 years of age. The 
diagnosis is confirmed by markedly elevated creatine phosphokinase 
levels, by muscle biopsy, or by genetic testing. In a spastic equinus gait 
without contracture, physical therapy and orthoses (daytime, night- 
time, or both) may be beneficial. If a contracture has developed, 
serial casting may be performed in young children, whereas surgical 
lengthening of the Achilles is usually necessary in older children. 

Physical examination. The examination of a child with toe- 
walking secondary to cerebral palsy reveals either an Achilles contrac- 
ture or a spastic equinus gait without contracture, as well as abnormal 
neurologic findings. These findings include increased muscle tone, 
spasticity, hyperactive deep tendon reflexes, and pathologic reflexes, 
such as a positive Babinski sign. Hamstring tightness, in addition to 
ankle equinus, may be a subtle sign of underlying mild cerebral palsy. 

Children with Duchenne muscular dystrophy typically demon- 
strate pseudohypertrophy of the calves in addition to equinus con- 
tracture. They have proximal muscle weakness first, and then 
generalized weakness, and perhaps decreased or absent upper extrem- 
ity and patellar tendon reflexes, depending on the stage of progression. 
Ankle reflexes are usually preserved. 

Radiographic evaluation. Radiographic evaluation of a child with 
toe-walking is rarely necessary. MRI of the brain and spine is occasion- 
ally required during the evaluation of a possible neuromuscular 
disorder. 

Other testing. Dynamic electromyography and gait analysis studies 
can be helpful in distinguishing between toe-walking caused by mild 
cerebral palsy and that caused by a congenital Achilles contracture. 
Serum muscle enzyme (creatine phosphokinase, aspartate aminotrans- 
ferase, and aldolase) levels and muscle biopsies are required for 
children with suspected Duchenne muscular dystrophy or other 
myopathies. 


Lower Extremity Length Discrepancy 


Lower extremity length discrepancy is a common cause for a unilateral 
equinus gait in older children and adolescents. Usually, mild discrepan- 
cies of less than 2 cm can be adequately compensated for during 
normal gait with minimal, if any, limping or toe-walking. Greater 
discrepancies may result in toe-walking and may require surgical 
correction. The differential diagnosis of a lower extremity length 
discrepancy is extensive (Table 34.4). 

Physical examination. Examination of a child with a lower extrem- 
ity length discrepancy shows shortness of the involved extremity; this 
can be measured by placing blocks of various heights beneath the foot 
until the pelvis is level. The range of motion of the joints of the 
involved extremity, especially of the hips, must be assessed. The neu- 
rologic examination is also important. Children with subtle neurologic 
disorders, such as cerebral palsy, may also have a very mild lower 
extremity length discrepancy that contributes to an equinus gait. 

Radiographic evaluation. Children with a lower extremity length 
discrepancy require radiographic assessment. Lower extremity lengths 
are typically measured radiographically by 1 of several methods, 
including the teleoroentgenogram, orthoroentgenogram, scanogram, 
and low-dose biplanar radiography. Digital teleoroentgenograms and 
orthoroentgenograms are currently preferred, but low-dose biplanar 
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TABLE 34.4 Causes of Lower Extremity 


Length Discrepancy 


Shortening 


Congenital 

Hemiatrophy* 

skeletal dysplasias 

short femur 

Proximal focal femoral deficiency 

Fibular, tibial hemimelia 

Developmental dysplasia of the 
hip” 


Tumor: Developmental 

Neurofibromatosis 

Multiple exostosis 

Enchondromatosis (Ollier disease) 

Osteochondromatosis 

Fibrous dysplasia (Albright 
syndrome) 

Punctate epiphyseal dysplasia 

Dysplasia epiphysealis hemimelica 
(Trevor disease) 

Radiation therapy before skeletal 
maturity (physeal arrest)” 


Resection of benign or malignant 
neoplasm 


Infection 
Osteomyelitis™ 
Septic arthritis 
Tuberculosis 


Trauma 

Physeal injury™ 

Failed joint replacement 

Osteotomy, atrophic nonunion 

Overlapping, malposition of fracture 
fragments” 

Burns 


Neuromuscular Disease 
Poliomyelitis 

Cerebral palsy* 
Myelomeningocele 

Peripheral neuropathy 

Focal cerebral lesions (hemiplegia) 


Other 
Legg—Calvé—Perthes disease" 
Slipped capital femoral epiphysis 


Lengthening 


Congenital 
Hemihypertrophy* 
Local vascular malformation 


Tumor: Developmental 
Neurofibromatosis 

Soft tissue hemangioma 
Arteriovenous malformation 
Hemihypertrophy with Wilms tumor 
Aneurysm 


Infection: Inflammation 
Metaphyseal osteomyelitis 
Rheumatoid arthritis 
Hemarthrosis (hemophilia) 


Trauma 

Metaphyseal, diaphyseal fracture 

Diaphyseal operations (bone grafts, 
osteosynthesis, periosteal 
stripping) 


*Common. 

Modified from Moseley C. Leg-length discrepancy. Pediatr Clin North 
Am. 1986;33(6):1385; Tachdjian M. Pediatric Orthopedics. 2nd ed. 
Philadelphia: WB Saunders; 1990; reprinted and modified from 
Behrman RE, ed. Nelson Textbook of Pediatrics. 14th ed. 
Philadelphia: WB Saunders; 1992:1702. 


radiography is becoming more commonplace at large centers. The 
teleoroentgenogram is a single radiographic exposure of both lower 
extremities in the standing position. This can be measured using mea- 
surement tools within the digital radiography software. Advantages 
include single exposure and detection of angular deformities. The 


orthoroentgenogram consists of overlapping exposures centered on 
the hips, knees, and ankles on a long cassette. Like the teleoroentgeno- 
gram, an advantage of this type of radiograph is that it shows associ- 
ated angular deformities. A scanogram consists of 3 strip exposures of 
the hips, knees, and ankles on a standard-sized cassette with a radio- 
graphic ruler adjacent to the extremity. This is an accurate method of 
assessing limb length but does not demonstrate angular deformities. 
Low-dose biplanar radiography is a 3-dimensional imaging method 
with superior accuracy and decreased radiation exposure but requires 
a sophisticated radiologist to correctly align the limbs for computer 
measurement. CT measurement is accurate but is not commonly used 
secondary to the amount of radiation exposure required. Radiographs 
of the left hand and wrist for bone age are also obtained to assess when 
skeletal maturity will occur. 


Habitual Toe-Walking 


Habitual toe-walking occurs in a child who is walking on his or her 
toes voluntarily. Toe-walking occurs relatively commonly in young 
walkers. Their history and physical examination findings are entirely 
normal. This is a diagnosis of exclusion. The treatment of habitual 
toe-walkers is observation. As the child becomes heavier and the 
central nervous system matures, the toe-walking should resolve. 

Physical examination. The findings in the examination of the 
child with habitual toe-walking are normal. The ankle has a full range 
of motion, and there is no evidence of an underlying neuromuscular 
disorder. 

Radiographic evaluation. Radiographic 
indicated. 


evaluation is not 


Idiopathic Toe-Walking 


Idiopathic toe-walking is defined as the presence of an equinus gait in 
a child over 2 years of age with or without Achilles tendon contracture 
in the absence of other etiologies, including habitual toe-walking. The 
birth and developmental history and the neurologic findings are 
usually normal. However, mild developmental delays, especially in 
speech and in fine and gross motor skills, are seen in some children. 
Some have suggested possible deficits in sensory processing. A family 
history positive for Achilles contracture, male predominance, and 
learning disabilities are common findings. Muscle biopsy samples have 
shown an increase in type I fibers, suggesting a neuropathic process. 
Serial casting typically leads to resolution, though in some children, 
surgical lengthening of the Achilles tendon may be required. 

Physical examination. If present, Achilles tendon contracture 
leads to an inability to dorsiflex the foot to the neutral or plantigrade 
position. Examination of the ankle shows a 10- to 15-degree fixed 
equinus contracture. The assessment of an Achilles contracture should 
be performed with the hindfoot held in a slightly supinated position 
to bring the calcaneus beneath the talus. If this position is not used, 
dorsiflexion of the foot produces hindfoot valgus with the appearance 
of more dorsiflexion than is actually present. In congenital Achilles 
contractures, no other musculoskeletal or neurologic abnormalities are 
present. 

Radiographic evaluation. Radiographs are not necessary unless an 
associated abnormality within the foot is thought to be present. Should 
this occur, anteroposterior and lateral weight-bearing radiographs of 
the foot should be obtained. 


Limping 

Limping is categorized as either painful (antalgic gait) or nonpainful 
(Trendelenburg gait), depending on the length of the stance phase. 
With an antalgic gait, the stance phase is shortened because the child 
decreases the time spent on the painful extremity. In a Trendelenburg 


FIGURE 34.10 Trendelenburg gait. With functional weakness of the 
hip abductor muscles, it is difficult to support the body's weight on 
the affected side; the pelvis tilts down and away from the weak side, 
the patient leans toward the affected side. 


gait (Fig. 34.10), which indicates underlying proximal muscle weak- 
ness (e.g., muscular dystrophy) or hip instability (e.g., developmental 
hip dysplasia), the stance phase is the same for the involved and unin- 
volved sides, but the child leans over the involved side to shift the center 
of gravity for balance. If the disorder is bilateral, it produces a wad- 
dling gait. The differential diagnosis is extensive (Table 34.5). Most 
causes involve the lower extremity, but spinal disorders can also 
produce limping or difficulty walking, especially if there is spinal cord 
or peripheral nerve involvement. Painful (antalgic) gaits are predomi- 
nantly caused by trauma, infection, neoplasia, and rheumatic 
disorders. Trendelenburg gaits are generally caused by congenital, 
developmental, or neuromuscular disorders. Thus, antalgic gaits result 
from acute disorders, whereas Trendelenburg gaits usually result from 
chronic disorders. The type of gait, the presence or absence of systemic 
symptoms, and the anatomic location of the symptoms can usually be 
determined from the history and physical examination findings. 


Antalgic Gait 


Congenital origin: Tarsal coalition. Tarsal coalition, also called 
peroneal spastic flatfoot, is characterized by a painful, rigid valgus or 
pronation deformity of the midfoot and hindfoot, in association with 
peroneal muscle spasm but without true spasticity. This condition 
represents a congenital fusion or failure of segmentation between 2 or 
more tarsal bones. However, any condition that alters the normal 
motion of the subtalar joint may produce the clinical appearance of a 
tarsal coalition. Thus, congenital malformation, inflammatory disor- 
ders, infection, neoplasms, and trauma involving the subtalar joint can 
manifest with pain, limping, or other symptoms similar to those of a 
tarsal coalition. 

The most common coalitions occur between the calcaneus and 
navicular (calcaneonavicular) and the middle or medial facet between 
the talus and calcaneus (talocalcaneal). Coalitions can be fibrous, 
cartilaginous, or osseous. The incidence of tarsal coalition is 
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TABLE 34.5 Differential Diagnosis of 
Limping in Children 


Age Group Diagnostic Considerations 
Early walker: 1—3 yr 


of age 


Painful Limp 

Septic arthritis and osteomyelitis 
Transient synovitis 

Occult trauma (“toddler's fracture”) 
Intervertebral diskitis 

Malignancy 

Painless Limp 

Developmental dysplasia of the hip 
Neuromuscular disorder 

Cerebral palsy 

Lower extremity length inequality 
Child: 3-10 yr of age Painful Limp 

Septic arthritis, osteomyelitis, myositis 
Transient synovitis 

Trauma 

Rheumatologic disorders 

Juvenile idiopathic arthritis 
Intervertebral diskitis 

Malignancy 

Painless Limp 

Developmental dysplasia of the hip 
Legg—Calvé—Perthes disease 

Lower extremity length inequality 
Neuromuscular disorder 

Cerebral palsy 

Muscular dystrophy (Duchenne) 


Adolescent: 11 yr of 
age to maturity 


Painful Limp 

Septic arthritis, osteomyelitis, myositis 

Trauma 

Rheumatologic disorder 

Slipped capital femoral epiphysis: acute; unstable 

Malignancy 

Painless Limp 

Slipped capital femoral epiphysis: chronic; stable 

Developmental dysplasia of the hip: acetabular 
dysplasia 

Lower extremity length inequality 

Neuromuscular disorder 


From Marcdante K, Kliegman R, eds. Nelson Essentials of Pediatrics. 
7th ed. Philadelphia: Saunders; 2015. 


approximately 1%, and it appears to be inherited as an autosomal 
dominant trait. Approximately 60% of calcaneonavicular and 50% of 
talocalcaneal coalitions are bilateral. Casting and orthotics may provide 
some relief of symptoms, though surgical repair is typically required. 

Physical examination. The onset of symptoms is insidious and 
usually occurs during late childhood or early adolescence. Although 
mild limitation of subtalar motion and a valgus or pronated hindfoot 
may have been present since early childhood, the onset of symptoms 
varies with the age at which the fibrous or cartilaginous coalition 
begins to ossify and further decrease motion. The talonavicular coali- 
tion ossifies between the ages of 3 and 5 years; the calcaneonavicular 
coalition, between 8 and 12 years; and the middle facet talocalcaneal 
coalition, between 12 and 16 years of age. The pain is typically felt later- 
ally in the hindfoot and radiates proximally along the lateral malleolus 
and distal fibula into the peroneal muscle region. Symptoms are usually 


aggravated by sports or other vigorous activities and are relieved by 
rest. The foot is pronated in both the weight-bearing and the non— 
weight-bearing positions. Subtalar joint motion is diminished or 
absent, and attempts at motion produce pain. 

Radiographic evaluation. The diagnosis of tarsal coalition is made 
radiographically. The initial radiographs should include anteroposte- 
rior and lateral weight-bearing radiographs of the foot and an oblique 
radiograph. The latter is necessary in making the diagnosis of a calca- 
neonavicular coalition. Beaking of the anterior aspect of the talus in 
the lateral view suggests a talocalcaneal coalition. Axial views of the 
hindfoot can be useful in the diagnosis of a middle facet talocalcaneal 
coalition. CT has traditionally been the diagnostic procedure of choice 
for coalition, but MRI is useful for detecting fibrous coalitions. CT or 
MRI should be performed on all coalitions for surgical planning 
because more than 1 coalition can be present. 

Developmental origin 

Legg—Calvé—Perthes disease. Legg—Calvé—Perthes disease (LCPD) 
is idiopathic avascular necrosis of the CFE and its associated complica- 
tions in an immature, growing child. This disorder is caused by an 
interruption of the blood supply to the CFE, occurs predominantly in 
males (up to 5:1), and is bilateral in approximately 20% of affected 
children. Children with LCPD have delayed skeletal or bone age, 
disproportionate growth, and mildly short stature. Secondary 
osteonecrosis is seen in patients with sickle cell anemia. LCPD is a local, 
self-healing disorder. Prevention of femoral head deformity and 
secondary degenerative osteoarthritis in adulthood is the only 
indication for treatment. 

Physical examination. The symptomatic onset of LCPD typically 
occurs between 2 and 12 years of age, at a mean age of 7 years. Most 
of these children present to care with a limp and mild or intermittent 
pain in the anterior thigh or knee, such that this condition is often 
referred to as a “painless limp.” Pertinent early physical findings include 
antalgic gait; muscle spasm with mild restriction of hip motion, espe- 
cially abduction and internal rotation; proximal thigh atrophy; and 
mild short stature. 

Radiographic evaluation. The diagnosis is typically made from 
anteroposterior and frog-leg lateral radiographs of the pelvis (Fig. 
34.11). The radiographic characteristics can be divided into 5 distinct 
stages, depending on the interval from the onset of symptoms: (1) 
cessation of CFE growth, (2) subchondral fracture, (3) resorption or 
fragmentation, (4) reossification, and (5) healed, or residual. The 
symptoms are usually most pronounced during the phase of the sub- 
chondral fracture and fragmentation. A child with LCPD has the 
potential for collapse and extrusion of the femoral head, which results 
in a permanent deformity. If plain radiographs do not demonstrate 
LCPD in suspected cases, a bone scan or MRI is helpful. 

Slipped capital femoral epiphysis. SCFE is the most common 
adolescent hip disorder. It generally occurs in obese adolescents with 
delayed skeletal maturation, or in tall and thin adolescents who have 
had a recent growth spurt. SCFE can also occur as a complication of 
an underlying endocrine disorder, such as hypothyroidism and pitu- 
itary disorders. When SCFE occurs before puberty, a hormonal abnor- 
mality or systemic disorder should be suspected. The histopathologic 
features of SCFE indicate that mechanical factors are the ultimate cause 
of slippage. The initial abnormality is most likely secondary to endo- 
crine changes during early adolescence. Obesity produces high shear 
forces across a weakened and obliquely oriented CFE, resulting in slip- 
page. Surgical stabilization is required. 

Physical examination. The physical findings depend on the degree 
of slippage and the classification. The disorder is classified as either 
stable or unstable. In an unstable or acute SCFE, the CFE is separated 
from the femoral neck. This is extremely painful, and the adolescent is 
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FIGURE 34.11 A, An anteroposterior radiograph of the pelvis demon- 
strating Legg—Calvé—Perthes disease (LCPD) of the right hip. The capital 
femoral epiphysis (CFE) is collapsing, and there is mild widening of 
the medial joint space. The left CFE is normal. B, A frog-leg lateral 
radiograph of the pelvis demonstrating limited hip abduction caused 
by LCPD. 


unable to stand or bear weight. In a stable or chronic SCFE, the most 
common type, the CFE and femoral neck are in continuity, and the 
slippage is occurring slowly by plastic deformation. The adolescent has 
an antalgic, out-toed gait. The hip range of motion demonstrates a lack 
of internal rotation and an increase in external rotation; as the hip is 
flexed, it becomes progressively more externally rotated. Limitation of 
flexion and abduction in extension may also be present as a result of 
the deformity of the proximal femur. 

Radiographic evaluation. The diagnosis of SCFE is confirmed 
radiographically. Anteroposterior and frog-leg lateral radiographs of 
the pelvis must be obtained (Fig. 34.12). Both hips should be visualized 
on each radiograph for simultaneous comparison. The earliest sign of 
SCFE is widening of the physeal plate without slippage, which is con- 
sidered a pre-slip condition. If slippage occurs, the CFE remains in the 
acetabulum, whereas the femoral neck rotates anteriorly and superi- 
orly, resulting in varus orientation and retroversion of the femoral 
head and neck. The severity of slippage can be classified by the degree 
of displacement of the CFE on the femoral neck. 

Trauma 

Sprains, strains, and contusions. Sprains are ligamentous inju- 
ries, whereas strains are muscle injuries. Contusions are the result of 
a direct injury and involve the skin and the subcutaneous tissues as 
well as underlying muscle. 
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FIGURE 34.12 A, An anteroposterior radiograph of the right hip in a 13-year-old obese boy who had been 
limping and complaining of anterior thigh and knee pain for approximately 2 months. There is a mild stable 
or chronic slipped capital femoral epiphysis (SCFE). Klein line, a line drawn along the superior aspect of the 
femoral neck, does not intersect the lateral portion of the capital femoral epiphysis (CFE) and thereby indi- 
cates slippage. Also, the physis is wide and irregular. B, A frog-leg lateral radiograph clearly demonstrates 
the slippage of the CFE with respect to the femoral neck. C, An anteroposterior radiograph of the pelvis 
demonstrates an asymptomatic mild stable or chronic left SCFE. It is always important to order radiographs 
of the pelvis rather than individual views of the right or left hip. D, A frog-leg lateral radiograph confirms 


bilateral SCFE. 


Sprains are divided into 3 grades: 

1. Grade I: mild with only slight stretching of the ligament 

2. Grade II: a moderate injury with partial tearing of the ligament but 
normal stability 

3. Grade III: a severe injury with ligamentous disruption and 
instability 

Sprains, strains, and contusions of the lower extremities are among 
the most common injuries that produce limping. There is usually a 
history of trauma, and the location is readily apparent because of soft 
tissue swelling, ecchymoses, and pain. Most of these injuries occur 
during athletic activities, but they can also be the result of falls or other 
minor injuries. In the absence of an associated physeal injury or other 
fracture, treatment is typically immobilization with a gradual return 
to activity. 

Physical examination. In sprains, the physical examination typi- 
cally reveals that the involved ligament is tender to direct palpation. 
There may be soft tissue swelling as well as ecchymoses. The range of 
motion of the involved joint is typically decreased because of pain. On 
occasion, a mild joint effusion or hemarthrosis may be present. 


Strains involve the muscles, and there is usually tenderness to 
palpation, soft tissue swelling, and pain with joint motion as a 
result of stretching of the involved muscle. A palpable defect within 
the muscle is uncommon except in the most severe injuries. These 
injuries usually limit the excursion of the muscle and its associated 
joints. 

Radiographic evaluation. In children who sustain sprains, strains, 
or significant contusions, anteroposterior and lateral radiographs 
should be obtained. A word of caution regarding sprains is necessary. 
In children, ligaments are usually stronger than the adjacent physes. 
Therefore, a physeal injury may be present and may have the same 
clinical features as a sprain (Fig. 34.13; see also Table 34.6). This is 
especially true with lateral ankle injuries. It is more likely that a Salter— 
Harris type I separation of the distal fibular epiphysis has occurred, 
rather than a true ligament injury. This condition should be suspected 
when there is more tenderness to palpation over the lateral malleolus 
than over the ligaments. If plain radiographs are normal, stress radio- 
graphs may be necessary to establish the diagnosis. This concept also 
applies to the knee. 
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FIGURE 34.13 Salter-Harris classification of physeal fractures, types l-V. 


TABLE 34.6 Salter-Harris Classification 


Salter-Harris Type Characteristics 


Separation through the physis, usually through 
the zones of hypertrophic and degenerating 
cartilage cell columns 

Fracture through a portion of the physis but 
extending through the metaphysis 

Fracture through a portion of the physis 
extending through the epiphysis and into the 
Joint 

Fracture across the metaphysis, physis, and 
epiphysis 


Crush injury to the physis 


From Baldwin KD, Wells L, Dormans JP. Common fractures. In: 
Nelson Textbook of Pediatrics. 20th ed. Philadelphia: Saunders; 
2016:3317, Chapter 683, Table 683-1. 


Occult fractures. Occult fractures of the tibia are a relatively 
common cause of limping or refusal to bear weight in very young 
children. They can also occur in the femur and fibula. These fractures 
can be the result of very innocuous trauma, such as tripping while 
walking, stepping on a toy, or falling from a height. Frequently, the 
injury may not have been observed, and the child cannot convey to the 
parents what happened, confounding diagnosis. 

The most common occult fracture in early childhood is the “tod- 
dler’s fracture” of the tibia. This is an oblique fracture of the distal 
third of the tibia without an associated fibula fracture. It most com- 
monly occurs in children younger than 4 years of age. Occult tibia 
fractures can also occur in the metaphyseal regions, usually distally, but 
only rarely in the diaphysis. Diaphyseal fractures are more commonly 
the result of child abuse. 

Physical examination. Physical findings in a child with an occult 
fracture can be subtle. There is usually minimal, if any, soft tissue swell- 
ing. There is mild tenderness and perhaps increased warmth on palpa- 
tion over the fracture. On occasion, the increased warmth may be 
indicative of osteomyelitis. Stress examination of the involved bone 
increases discomfort. 

Radiographic evaluation. Anteroposterior and lateral radiographs 
should be obtained (Fig. 34.14). The characteristic finding of a tod- 
dler’s fracture is a faint oblique fracture line crossing the distal third 
of the tibia. On occasion, oblique radiographs may be helpful in reveal- 
ing the fracture. Frequently, initial radiographs reveal no abnormality. 
If plain radiographs are normal, the child has no systemic symptoms, 
and an occult fracture of the tibia is suspected, simple immobilization 
in a long-leg cast is indicated. Another set of radiographs in 1-2 weeks 
usually reveals the fracture and evidence of healing. If, however, the 
child has systemic symptoms, such as low-grade fever, and if 


FIGURE 34.14 A, An anteroposterior radiograph of the lower leg of a 
2-year-old girl who had been limping on the left lower leg for approxi- 
mately 1 week. There was no observed trauma. No obvious abnormality 
is visible in this view. B, A lateral radiograph showing a faint oblique 
fracture line (arrows). This is characteristic of the “toddler's fracture.” 
There is already early subperiosteal new bone or callus formation 
posteriorly. 


osteomyelitis is thought to be present, evaluation including a complete 
blood count with differential, blood culture, C-reactive protein level, 
erythrocyte sedimentation rate, and an MRI should be obtained. 

Neoplasia. Benign and malignant neoplastic lesions that involve 
bone, cartilage, or soft tissue of the spine, pelvis, and lower extremities 
can manifest as a mass, can cause pain, and can produce an antalgic 
gait. Leukemia or metastatic neuroblastoma of the bone marrow may 
produce deep bone pain and limp without objective findings of swell- 
ing or tenderness on physical examination. Night pain is a common 
characteristic of both benign and malignant primary or metastatic 
tumors. Osseous lesions can usually be diagnosed on plain radio- 
graphs, whereas for those of cartilage or soft tissue, MRI or other 
special imaging studies may be required for diagnosis. 


Benign neoplasms. The most common benign lesions that 
produce limping include a unicameral (simple) bone cyst and osteoid 
osteoma (Table 34.7). Other less common benign lesions that can 
produce pain and limping include eosinophilic granuloma of the bone, 
osteochondroma, and chondroblastoma. Chondroblastoma typically 
involves the epiphysis, especially of the proximal humerus. 

In unicameral bone cysts, the symptoms are usually caused by a 
nondisplaced pathologic fracture. On occasion, a displaced fracture 
may occur. The most common location for a unicameral bone cyst is 
the proximal humerus, followed by the proximal femur. These can 
occur in any of the bones of the lower extremities, including the foot. 

Osteoid osteomas have a highly vascularized nidus, which incites 
an intense, painful, inflammatory reaction that produces sclerosis of 
the surrounding bone. The pain is typically worse at night and is 
characteristically relieved by nonsteroidal antiinflammatory drugs 
(NSAIDs) and aspirin. 

Radiographic evaluation. Most benign neoplasms are visible on 
anteroposterior and lateral radiographs of the symptomatic area. 
Characteristics of benign lesions include well-circumscribed lesions 
without periosteal new bone formation or soft tissue mass. If a lesion 
is suspected but not visible on plain radiographs, such as may occur 
in an osteoid osteoma, a technetium bone scan may be helpful. Further 


TABLE 34.7 Benign Bone Tumors and Cysts 


Disease Characteristics 


Osteochondroma 
(osteocartilaginous 
exostosis) 


Common; distal metaphysis of 
the femur, proximal humerus, 
proximal tibia; painless, hard, 


nontender mass 
Multiple hereditary As above 


osteochondromas 


Osteochondroma of long bones; 
bone growth disturbances 


Osteoid osteoma Pain relieved by aspirin; femur 
and tibia; found predominantly 
In boys 

Osteoblastoma (giant As above, but more destructive 


osteoid osteoma) 


Tubular bones of hands and feet; 
pathologic fractures, swollen 
bone; Ollier disease if multiple 
lesions are present 


Enchondroma 


Nonossifying fibroma 


silent; rare pathologic fracture; 
late childhood, adolescence 
lesion 


Eosinophilic granuloma Age 5-10 yr; skull, jaw, long 


Radiographic Findings 
Bony outgrowth; sessile or 
pedunculated 


Dense sclerosis surrounds small 
radiolucent nidus <1 cm 


Osteolytic component; size >1 cm 


Radiolucent diaphyseal or 
metaphyseal lesion; may calcify 


Incidental radiographic finding; 
thin sclerotic border, radiolucent 


Small, radiolucent without reactive 
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evaluation can be achieved with CT or MRI. Diagnosis is further aided 
by surgical biopsy, which may also allow for surgical treatment. 

Malignant neoplasms. Leukemia is the most common childhood 
malignancy and is frequently accompanied by musculoskeletal com- 
plaints, such as limping, fever, bone pain, pallor, bruising, and weight 
loss (Fig. 34.15). Common malignancies involving the musculoskeletal 
system include osteogenic sarcoma, Ewing sarcoma, and intraspinal 
tumors, such as astrocytomas (Table 34.8). Intraspinal tumors tend to 
produce neurologic symptoms, such as muscle weakness, as the cause 
of limping. The other lesions may produce a mass, bone weakness, and 
possible pathologic fractures. Weight loss, fever, and pain are common 
associated complaints. 

Physical examination. A careful musculoskeletal and neurologic 
examination is necessary for any child with a suspected neoplasm. In 
many cases, a mass, either in the involved bone or in adjacent soft 
tissues, may be palpable. These are typically tender and warm. These 
lesions are frequently adjacent to joints and may result in decreased 
range of motion. Neurologic evaluation may show evidence of muscle 
weakness or abnormal reflexes, suggestive of spinal cord or peripheral 
nerve involvement. 

Radiographic evaluation. Anteroposterior and lateral radiographs 
of the involved area usually reveal the presence of a neoplasm. 


Treatment Prognosis 
Excision, if 


symptomatic 


Excellent; malignant 
transformation rare 


As above Multiple lesions develop until 
skeletal maturity, after 
which no new lesions 
develop; malignant 


transformation rare 


As above Excellent 


As above Excellent 


Excision or curettage Excellent; malignant 


transformation rare 


Excellent; heals 
spontaneously 


None or curettage 
with fractures 


Biopsy, excision rare; Excellent; may heal 


Brodie abscess 


Unicameral bone cyst 
(simple bone cyst) 


Aneurysmal bone cyst 


Modified from Marcdante K, Kliegman R, eds. Nelson Essentials of Pediatrics. 7th ed. Philadelphia: Saunders; 2015. 


bones; pathologic fracture; pain 
Insidious local pain; limp; 
suspected as malignancy 


Metaphysis of a long bone 
(femur, humerus); pain, 
pathologic fracture 


As above; contains blood, fibrous 
tissue 


bone; punched-out lytic lesion 


Circumscribed metaphyseal 
osteomyelitis; lytic lesions with 
sclerotic rim 

Cyst in medullary canal, expands 
cortex; fluid-filled unilocular or 
multilocular cavity 

Expands beyond metaphyseal 
cartilage 


irradiation 
Biopsy; antibiotics 


Curettage; steroid 
Injection into lesion 


Curettage, bone graft 


spontaneously 
Excellent 


Excellent; some heal 
spontaneously 


Excellent 


FIGURE 34.15 A, Anteroposterior pelvic radiograph of a 2-year-old girl who had been limping for 4 months. 


There is an extensive destructive lesion on the right proximal femur. B, A large soft tissue mass is demon- 
strated on magnetic resonance imaging scan. The preoperative diagnosis was Ewing sarcoma, but at biopsy 
the diagnosis was acute lymphoblastic leukemia. 


TABLE 34.8 Comparison of Osteogenic and Ewing Sarcoma 


Age 

Racial predilection 

Sex (M: F ratio) 

Cell 

Predisposing risk 
factors 


Site 


Presentation 
Roentgenogram 


Differential diagnosis 
Metastasis 


Treatment 


Outcome 


Poor prognosis 


Osteogenic Sarcoma 
Adolescence 

All races 

1521 

Spindle cell, osteoid 
Retinoblastoma 

Radiotherapy 

Alkylating agents 
Metaphysis, epiphysis; distal femur > proximal 
tibia > proximal humerus 
Local pain 

Lytic, sclerotic 

Sunburst pattern 

Ewing sarcoma, osteomyelitis 


Lung, bones 

Skip lesions in the same bone 

Surgery, chemotherapy 

Limb salvage if tumor is resectable and the 
patient is near adult height 


50—60% survival 


Onset at age <10 yr, large tumor size 
(>15 cm), symptoms <2 mo, metastasis 


Ewing Sarcoma 

Childhood and adolescence 
Predominantly non-Hispanic white 
1.521 

Nonosseous, small round cell 
None 


Diaphysis, medullary cavity, cortical bone, soft tissue; femur > 
pelvis > tibia > humerus 


Pain, fever, increased ESR, FU0, weight loss 


Mottled, lytic 
Onion-skin pattern 


Osteomyelitis, eosinophilic granuloma, lymphoma, 
neuroblastoma, rhabdomyosarcoma 


Lung, bones 


Surgery, radiotherapy 
Chemotherapy 


60% survival without metastasis; 5-15% with metastasis, 
primary site dependent 

Pelvis, soft tissue tumor, increased LDH, metastasis, increased 
circulating PMNs, decreased circulating lymphocytes 


ESR, erythrocyte sedimentation rate; F, female; FUO, fever of unknown origin; LDH, lactate dehydrogenase; M, male; PMN, polymorphonuclear 


neutrophil. 


Modified from Behrman RE, ed. Nelson Textbook of Pediatrics. 14th ed. Philadelphia: WB Saunders; 1992:1312. 


Characteristics of a malignant osseous lesion include bone destruction, 
permeative or infiltrative appearance, periosteal new bone formation 
(Codman triangle), and an associated soft tissue mass (see Table 34.8). 
Radiographic abnormalities associated with acute leukemia include 
diffuse osteopenia, metaphyseal bands, periosteal new bone formation, 
geographic lytic lesions, sclerosis, and permeative distraction. Addi- 
tional studies, such as a bone scan or MRI, may be helpful in localizing 
the lesion. 

Infection 

Septic arthritis and osteomyelitis. Bone and joint infections are 
common causes of limping in toddlers and children. When the infec- 
tion is confined to the synovium of a joint, the condition is termed 
septic arthritis. If the primary focus of the infection is within bone, 
even if the joint is secondarily involved, the condition is termed osteo- 
myelitis. Bacterial pathogens are the most frequent cause of osteoar- 
ticular infections in children, with Staphylococcus aureus being the 
most frequent etiology. In neonates, group B streptococcus and gram- 
negative bacteria are common. Beyond the neonatal period, Kingella 
kingae is the second most frequent cause in children under 5 years of 
age. In older children and adolescents with puncture wounds of the 
foot, Pseudomonas aeruginosa, S. aureus, and streptococci are com- 
monly implicated. Sexually active adolescents may develop septic 
arthritis as a result of gonococcal infections. Patients with sickle cell 
anemia may develop osteomyelitis as a result of Salmonella species or 
pneumococcal infection. 

Acute hematogenous osteomyelitis most commonly involves the 
femoral neck, the distal femoral metaphysis, and the proximal tibial 
metaphysis. Acute septic arthritis usually involves the hip, knee, or 
ankle. Children with these infections may be acutely ill; many may just 
have fever, limp, and localized pain. Treatment is with surgical drainage 
as needed and with prolonged antibiotics. 

Subacute osteomyelitis, which has very distinct manifestations, 
occurs most commonly in the knee (Fig. 34.16). These children are 
usually afebrile and have night pain. Their hematologic studies yield 
normal findings. Radiographs show sclerotic metaphyseal lesions that 
occasionally cross the growth plate into the epiphysis. Culture speci- 
mens are positive only occasionally, and they typically show S. aureus. 

Physical examination. Children with acute bone and joint infec- 
tions may exhibit the clinical signs of bacteremia and infection, includ- 
ing elevations in temperature, white blood cell count, erythrocyte 
sedimentation rate, and C-reactive protein level. Some infants present 
only with pseudoparalysis of the affected limb. When the hip joint is 
involved, the child holds the hip in a position of flexion, abduction, 
and external rotation. This position unwinds the hip capsule and 
allows it to hold the greatest volume of intracapsular fluid. This ini- 
tially decreases pressure, but as the pus continues to accumulate, even 
this position fails to relieve symptoms. A hip joint effusion is usually 
not palpable, but there may be overlying soft tissue swelling and 
tenderness. 

Infections of peripheral joints, such as the knee, are more easily 
diagnosed. There is typically a joint effusion and perhaps soft tissue 
swelling, erythema, and increased warmth over the metaphysis if 
osteomyelitis is present. Osteomyelitis typically manifests with point 
tenderness over the involved site; with continued bone destruction and 
rupture of pus into the periosteum, tenderness becomes more diffuse. 
Infections can also occur about the ankle and foot. Infection of the 
foot is less common except as a sequela to puncture wounds through 
a tennis shoe, producing the classic P. aeruginosa or staphylococcal 
osteomyelitis-osteochondritis. 

Radiographic evaluation. Plain radiographs are not helpful in the 
first 7-10 days of osteomyelitis, inasmuch as they are usually normal, 
but must be obtained in the assessment of the child. After 10-14 days 
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FIGURE 34.16 A, Anteroposterior radiograph of the distal femur in a 
12-year-old girl with limping and nighttime knee pain for 6 months. 
There is a lucent lesion with surrounding sclerosis in the metaphysis. 
The lesion crosses the epiphysis; this is characteristic of a subacute 
osteomyelitis. B, Anteroposterior tomography clearly demonstrates the 
lucent nature of the lesion and its surrounding sclerosis. 


of active infection, bone destruction or periosteal bone elevation is 
seen. MRI, or alternately bone scan, is both sensitive and specific for 
osteomyelitis and septic arthritis, even early in the course of the disease 
(Figs. 34.17 and 34.18). 

If a septic process about the hip is suspected, an ultrasound study 
may be beneficial in demonstrating an effusion. If this is present, 
arthrocentesis or hip aspiration is necessary. The synovial fluid analysis 
should include a cell count, measurement of protein and glucose levels, 
Gram stain, cultures, and sensitivity studies. K. kingae polymerase 
chain reaction (PCR) testing should be performed, particularly in 
younger children. Infections of peripheral joints, such as the knee, are 
more readily diagnosed by arthrocentesis. 

If an osteomyelitis of a metaphyseal region is suspected based on 
imaging studies, the subperiosteal space and bone may be directly 
aspirated with a large-bore needle. The material should be sampled for 
culture and sensitivity, as well as for K. kingae PCR testing in younger 
children. Despite these interventions, microbiologic studies may fre- 
quently fail to yield results. 

Diskitis. Diskitis, inflammation of the vertebral disk that is often 
related to infection, may produce refusal to walk and/or limping either, 
via disk or bone inflammation, referred pain or intraspinal extension 
(see Chapter 35) (Fig. 34.19). 

Rheumatic causes 

Transient synovitis. Transient synovitis (also known as toxic syno- 
vitis) of the hip is the most common cause of limping in children. It 
can occur in all age groups, but the mean age at onset is 6 years; most 
patients are between 3 and 8 years of age. Hip transient synovitis is 
characterized by acute onset of monoarthritic hip pain, an associated 
limp, and mild restriction of hip motion, especially abduction and 
internal rotation. The pain is felt in the groin, anterior thigh, or knee. 
Any child with atraumatic anterior thigh or knee pain must be 
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FIGURE 34.17 A, A frontal radiograph demonstrates a lytic lesion in the distal tibial metaphysis extending 
into the epiphysis (arrows). B, A T1 weighted fat-saturated postgadolinium sagittal view demonstrates 
a thick, rim-enhancing lesion with a small amount of nonenhancing fluid consistent with early abscess 
formation with epiphyseal extension (arrow) and a small cloaca (arrowhead) extending to the tibiotalar joint. 
(From Kan JH, Azouz EM. Musculoskeletal infections. In: Coley BD, ed. Caffey’s Pediatric Diagnostic Imaging. 


12th ed. Vol Il. Philadelphia: Elsevier; 2013:1472.) 


FIGURE 34.18 Acute osteomyelitis of the distal femur in a 5-year-old boy. A, T2 weighted fat-saturated 
axial magnetic resonance imaging (MRI) shows a large subperiosteal abscess (arrows) at the posterior aspect 
of the femur. Increased signal is seen within the bone, and there is adjacent soft tissue edema. B, T1 
weighted fat-saturated postgadolinium sagittal MRI shows the longitudinal extent of the subperiosteal 
abscess with an enhancing wall (arrows). (From Kan JH, Azouz EM. Musculoskeletal infections. In: Coley 
BD, ed. Caffey’s Pediatric Diagnostic Imaging. 12th ed. Vol Il. Philadelphia: Elsevier; 2013:1476.) 


carefully evaluated for hip disease because these are the sites of referred 
pain. Septic arthritis and osteomyelitis must be excluded. 

The cause of this disorder remains uncertain. Suspected causes 
include active or recent systemic viral infection, trauma, and allergic 
hypersensitivity. Approximately 70% of affected children have had a 


nonspecific viral upper respiratory infection 7-14 days before the onset 
of symptoms. 

Physical examination. The patient is usually ambulatory, and the 
hip is not held in a position of flexion, abduction, or external rotation 
unless a significant effusion has developed. The child walks with an 
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FIGURE 34.19 A 15-month-old girl with an abnormal gait and concern for an intraspinal mass had diskitis/ 
osteomyelitis. Lateral spine radiographs demonstrate narrowing of the 112-L1 intervertebral disk space 
(arrow in A). An axial bone window from a noncontrast computed tomography scan of the spine demon- 
strates irregularity to the vertebral end plates (arrows in B). A sagittal T2 weighted image (C), a sagittal 
fat-saturated T1 weighted postcontrast image (D), and an axial T1 weighted postcontrast image (E) of the 
thoracolumbar junction demonstrate loss of height of the T12-L1 intervertebral disk space with adjacent T2 
prolongation of the adjacent end plates (arrows in C), with corresponding abnormal enhancement in the 
same regions (arrows in D), and surrounding masslike soft tissue enhancement (arrowheads in E). Note the 
thickening/elevation and enhancement of the posterior longitudinal ligament (arrowheads in D). (From Pollock 
AN, Henesch SM. Infections of the spine and spinal cord. In: Coley BD, ed. Caffey’s Pediatric Diagnostic 
Imaging. 12th ed. Vol |. Philadelphia: Elsevier; 2013:465.) 


antalgic gait on the involved side and is usually afebrile. Laboratory 
findings are usually within normal limits, but occasionally a minimal 
elevation of the white blood cell count or erythrocyte sedimentation 
rate may be seen. 

Radiographic evaluation. Anteroposterior and frog-leg lateral 
radiographs of the pelvis are obtained to rule out the presence 
of other lesions. The radiographs in transient synovitis are normal. 
On occasion, ultrasonography of the hip may be useful in 


demonstrating a small joint effusion. MRI is helpful in identifying 
septic joints or other causes of pain when there is doubt regarding 
the diagnosis. Bone scans as well may be helpful in difficult or 
unusual cases; in synovitis, these results are always normal. When 
the diagnosis of transient synovitis is in doubt, hip arthrocentesis 
may be necessary. The fluid that is aspirated shows a low white 
blood cell count (typically well under 25,000 cells/uL), and the 
cultures are negative. 


Trendelenburg Gait 


Developmental anomalies 

Developmental dysplasia of the hip. Developmental dysplasia of 
the hip (DDH) refers to the condition of increased laxity of the hip 
Joint and encompasses the following classifications: (1) acetabular dys- 
plasia, (2) hip subluxation, and (3) hip dislocation. Developmental 
dysplasia of the hip is considered either typical, in which no underlying 
genetic or syndromic association is identified, or teratologic. Early 
identification and management improve the functional outcome of 
surgical repairs. If not identified and appropriately treated, DDH will 
present with limping, toe-walking, or both. When the problem occurs 
unilaterally, the child walks with a mild Trendelenburg gait or demon- 
strates toe-walking. With bilateral involvement, the child stands with 
an increased lumbar lordosis and has a waddling gait. There is func- 
tional impairment resulting from a lack of stability and associated 
muscle weakness, particularly in the hip abductors. 

Physical examination. The most common physical finding in the 
older child with a developmentally dislocated hip is limited hip abduc- 
tion on the involved side. There may be a mild hip flexion contracture 
and apparent shortening of the extremity. The greater trochanter lies 
above a line between the anterior superior iliac spine and the ischial 
tuberosity (Nélaton line). In bilateral dislocations, the physical findings 
are more symmetric but there is still limitation of hip abduction. Posi- 
tive Trendelenburg signs are present on the involved sides. The normal 
response to a Trendelenburg test occurs when the patient stands on the 
uninvolved leg and the abductor muscles are able to maintain balance 
by elevating the contralateral pelvis. A positive Trendelenburg sign, 
resulting from weakness, is demonstrated when the abductor muscles 
are unable to maintain pelvic balance and the patient compensates by 
leaning to the affected side (see Fig. 34.10). 

Radiographic evaluation. The diagnosis can be made from routine 
anteroposterior and frog-leg lateral radiographs of the pelvis (Fig. 
34.20). Specialized studies, such as MRI and CT, are usually not neces- 
sary. Ultrasound study is not usually necessary in the older child 
because the CFE is ossified. 
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FIGURE 34.20 An anteroposterior radiograph of the pelvis of an 
18-month-old girl demonstrating a developmental dislocation of the left 
hip. The acetabulum is severely dysplastic, there is delayed ossification 
in the capital femoral epiphysis compared to the normal right hip, and 
the femoral head is displaced laterally and superiorly. 


Lower extremity length discrepancy. Lower extremity length dis- 
crepancy in older children and adolescents has been discussed earlier 
in this chapter. 


Neuromuscular Origin 


Cerebral palsy. Children with spastic hemiplegia or diplegia may 
have an associated painless limp caused by muscle spasticity and con- 
comitant weakness of the antagonist muscles. The history should focus 
on risk factors for cerebral palsy, prematurity, and other congenital 
anomalies external to the central nervous system, followed by a phys- 
ical examination, with particular attention to the neurologic system. 
The neurologic examination reveals evidence of increased muscle tone, 
spasticity, hyperactive deep tendon reflexes, and pathologic reflexes, 
such as Babinski signs. 


Conditions associated with limp must be divided into acute, painful 
lesions and chronic, painless lesions; on occasion, presentations may 
be mixed. Infection and trauma must be considered emergencies, as 
should conditions that are joint or limb threatening, such as septic 
arthritis and osteomyelitis of the hip, avascular necrosis, or SCFE. 
In addition, signs of spinal cord involvement (see Chapter 35) 
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suggest acute processes that warrant immediate attention to prevent 
permanent paralysis. 

Red flags include acute hip pain, fever with limp, neurologic mani- 
festations (including bowel and bladder dysfunction), point tender- 
ness, the presence of a mass, night pain, and signs of weight loss or 
hematologic abnormalities such as pallor or bruising. 
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Back Pain in Children and Adolescents 


Persistant back pain in children necessitates a thorough evaluation to 
rule out disorders that can result in significant morbidity, such as 
infection or tumor. Back pain in younger children is unusual and sug- 
gests significant diseases. The prevalence of complaints of low back 
pain increases with age, and is as prevalent as 30% by the teenage years. 
Back pain is frequently mild and often resolves spontaneously in ado- 
lescents. The complaints are often related to overactivity in sports, 
work, or a specific traumatic event. Back pain is not a disease but a 
symptom and is often associated in adolescents with headaches, emo- 
tional problems, daytime tiredness, and behavioral disorders. Activity 
modification and rehabilitation or exercises for the spine are sufficient 
to prevent recurrent episodes of back pain. Severe or persistent back 
pain necessitates a thorough history, physical examination, and appropri- 
ate imaging studies to evaluate the child for potentially serious pathologic 
processes. 


EVALUATION OF THE PEDIATRIC SPINE 


Examination of the spine should be part of the routine physical exami- 
nation in the healthy child and adolescent. Even in patients who 
present with back pain as a chief complaint, the most important diag- 
nostic steps are a detailed history and a thorough and systematic 
examination (Table 35.1). 

When findings on screening examinations are abnormal or when a 
patient presents with complaints of back pain, a more detailed exami- 
nation is required. The spinal vertebral column, spinal cord, and spinal 
nerves are intimately related, and disorders affecting any 1 of these 
elements produce symptoms and signs in the others. Detailed exami- 
nation of strength in the muscles of the spine and lower extremities 
(Fig. 35.1), sensation (Fig. 35.2), abdominal and lower extremity 
reflexes, anal sphincter tone, and perianal sensation should be per- 
formed when the primary examination suggests involvement of the 
neural structures that pass through the spinal column. Persistent or 
severe back pain is uncommon in young children and may be associ- 
ated with serious underlying disease. 


NORMAL GROWTH AND DEVELOPMENT 
OF THE SPINE 


Vertebral growth occurs in an orderly manner throughout childhood 
and adolescence. About 50% of vertebral column height is present by 
the age of 2 years. Acceleration of vertebral growth occurs during the 
adolescent growth spurt but contributes less to total height than does 
lower limb growth; the sitting heights of siblings in early and late 
adolescence are often remarkably similar. Spinal growth slows at men- 
arche in girls and at the time of voice change in boys and is usually 
complete 2-3 years later. Developmental abnormalities of the column, 
such as idiopathic scoliosis, most commonly first appear just before 
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the growth spurt. Alterations in spinal configuration caused by con- 
genital deformities of vertebral segments change most rapidly during 
periods of rapid spinal growth: before the age of 2 and at the time of 
the adolescent growth spurt. 

There is a strong association of genitourinary tract, cardiac, and 
neural abnormalities in patients with congenital abnormalities of the 
spine. Warning signs in patients with congenital spine deformities 
include leg length inequality, foot size asymmetry, high foot arches, 
hairy patches or hemangiomas or a mass over the spine, sacral dim- 
pling, enuresis, toe-walking, asymmetry or abnormality in the lower 
extremity deep tendon reflexes, and lower extremity weakness. 


NORMAL SPINAL ALIGNMENT 


The normal trunk is symmetric when viewed from the front or the 
back (Fig. 35.3). The shoulders and pelvis are parallel to each other 
and to the ground. The distance between the right and left elbows and 
the sides of the trunk is equal. When the trunk is viewed from the side, 
a series of curves is present (see Fig. 35.3). A convex anterior lordotic 
curve is present in the cervical region. The spine is concave anteriorly 
in a kyphotic pattern in the thoracic region. The normal lumbar spine 
is lordotic, and the sacrum and coccygeal regions are kyphotic. Normal 
adult sagittal alignment develops gradually; children younger than 10 
years typically have less cervical lordosis and more lumbar lordosis 
than adults. Healthy children are often quite swaybacked. Injuries, 
infections, tumors, inflammation, and developmental abnormalities of 
the spine often produce alterations in these expected contours. Range 
of motion is demonstrated in Fig. 35.4. 


BACK PAIN OF BRIEF DURATION 


Few children younger than 10 years sustain significant injuries of the 
spinal column or associated musculature in routine play and organized 
sports activities; extremity injuries are far more common. When the 
trunk is involved, contusions and abrasions are much more common 
than ligament sprains and muscle strains. 

When a child presents with back pain of brief duration after a play- 
or sports-related injury, a careful examination should be performed. If 
there are no other associated injuries and the screening examination 
shows no alterations in trunk configuration or lower extremity strength 
or sensation (see Figs. 35.1 and 35.2), no further work-up is necessary. 
A brief period of rest for 1-2 days, followed by gradual resumption of 
activities, is appropriate treatment. Routine imaging is not necessary 
when the duration of symptoms is short and the physical examination 
findings are normal. Signs of systemic illness (fever, weight loss) or 
neurologic deficits warrant an immediate evaluation. 

Acute back injuries occur more frequently in adolescence, as the 
sizes of participants and potential forces generated in recreational 
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(See Nelson Textbook of Pediatrics, p. 3245.) 
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TABLE 35.1 Guidelines for Primary 
Examination of the Back 


History 
Is there a history of back pain? If so, what is the: 
Frequency? 
Duration? 
Relationship to activity? 
Antecedent trauma? 
Is there associated pain in the legs? 
Is there incontinence or enuresis? 
Is walking painful? 
Have there been systemic signs of chronic illness? 
Is there a family history of deformity? 
Is there a family history of disk disease? 


Physical Examination 


General Appearance 

Are the right and left sides of the trunk symmetric? 

Are there hairy patches, nevi, sinuses, or dimpling over the midline of the 
spine? 

Are the pelvis and shoulders level? 

Is there normal kyphosis and lordosis? 

On forward bending, is a rib hump present? 

Is there localized tenderness? 

Is there muscle atrophy? 


Motion 

Can the patient easily bend forward and touch his or her toes? 
Is normal hamstring flexibility present? 

Is the gait normal? 


Lower Extremities 

Are leg lengths equal? 

Is strength normal in the major motor groups of the lower limbs? 

Is sensation normal in the lower limbs? 

Are reflexes normal at the knees and ankles? 

Are pathologic reflexes present? 

What is the response to straight leg and cross straight leg raising maneuvers? 


Knee 


activities increase. If there are no other associated injuries and the 
screening examination findings are normal, no further imaging 
work-up is necessary. A period of rest followed by gradual resumption 
of activities is appropriate treatment. The importance of a comprehen- 
sive and balanced conditioning exercise program should be stressed to 
young athletes. Most sports-related injuries can be prevented by pre- 
participation conditioning, appropriate warm-up, careful supervision, 
and resting when fatigued. 

Trauma sufficient to cause spine fractures may occur as a result of 
motor vehicle or bicycle crashes, falls, and diving and gymnastic inju- 
ries. The frequency and severity of spine trauma rises in later adoles- 
cence as exposure to potentially violent forces in sports and motor 
vehicles increases. In such cases, there is a clear relationship between 
the crash and the onset of symptoms. Injury to the spinal column 
should be suspected in all individuals whose level of consciousness is 
impaired after an accident, regardless of the presence or absence of 
symptoms. 

Children with suspected acute spinal injury should be immobilized 
on backboards designed for children until definitive imaging studies 
can be performed and interpreted. Immobilization of the child’s cervi- 
cal spine on a solid backboard should be avoided. The child’s occiput 
projects farther posteriorly than that of the adult, and flexion of the 
neck occurs if the child’s neck is immobilized on a standard backboard. 
Spinal immobilization boards for children are readily available and 
have a cut-out section to accommodate the occiput. When such boards 
are not available, a blanket or firm mattress should be interposed 
between the trunk and the backboard to prevent neck flexion. 


PERSISTENT BACK PAIN 


Persistent or severe back pain is uncommon in young children but is 
more common in adolescents. Mechanical low back pain is said to be 
present in the patient with no definable pathology on physical exam 
or imaging studies. This is the case in over 50% of patients presenting 
with low back pain. The implications of severe or persistent back pain 
are more serious in younger patients than in adolescents. Persistent 
back pain in young children is usually not the result of a congenital 
spinal deformity or developmental disorders of the spine. As a child 
enters and passes through the adolescent growth spurt, back pain may 
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FIGURE 35.1 Motor control of the lower extremity. (From Reilly BM. Practical Strategies in Outpatient 
Medicine. 2nd ed. Philadelphia: WB Saunders; 1991:926.) 
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Cutaneous branch of tibial (sciatic) nerve 
FIGURE 35.2 Sensory innervation of the lower extremity. A, Peripheral nerve innervation. B, Dermatomal 
(root) innervation. (From Reilly BM. Practical Strategies in Outpatient Medicine. 2nd ed. Philadelphia: WB 
Saunders; 1991:927.) 
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FIGURE 35.3 A, Normal posture with normal lumbar lordosis. B, Exaggerated lumbar lordosis caused by 
pelvic tilting. C, “Paunchy” posture. D, Spastic scoliosis caused by muscle spasm. E, Normal posture without 
scoliosis. F, The normal orientation of the lumbar spine is that of mild lordosis. Exaggerated lordosis may 
predispose the patient to mechanical back pain. (From Reilly BM. Practical Strategies in Outpatient Medicine. 
2nd ed. Philadelphia: WB Saunders; 1991:908.) 
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FIGURE 35.4 Back range of motion. A, Flexion. Note the normal reversal of lumbar lordosis during flexion 
(arrow). B, Extension. C, Persistent lordosis during back flexion as a result of muscle spasm (arrow). 
D, Lateral flexion. E, Lateral torsion (rotation). (From Reilly BM. Practical Strategies in Outpatient Medicine. 


2nd ed. Philadelphia: WB Saunders; 1991:909.) 


arise from a small number of congenital and developmental disorders 
of the spinal column. Degenerative disorders of the spine such as 
intervertebral disk herniation are uncommon causes of back pain in 
childhood. In evaluating a patient, it is important to try to distinguish 
musculoskeletal-mechanical disorders from those with more general- 
ized systemic signs or those suggestive of a neoplasia (Fig. 35.5). If the 
MRI shows no definitive pathology, patients are considered to have 
mechanical low back pain and have continued conservative treatment. 
Pediatric multidisciplinary pain clinics also help those who have per- 
sistent pain, have no defined pathology, and have failed conservative 
treatment. 

The differential diagnosis of persistent back pain in children 
younger than 10 years includes intervertebral diskitis and vertebral 
body osteomyelitis, neoplasia of the vertebrae, primary neoplasia of 
the spinal cord, and metastatic neoplasia (Table 35.2). In older children 
and adolescents, congenital variations in the formation of the lower 
lumbar spine are sometimes responsible for chronic back pain (see 
Table 35.1). Developmental round back (kyphosis) is occasionally 
associated with midthoracic back pain in middle and late adolescence. 
Diskitis, skeletal neoplasia, and tumors of the spinal cord and nerves 


also occur in adolescence. In documenting the history, special attention 
must be given to the nature of the onset of symptoms, the presence of 
radiating pain in the legs, bowel and bladder function, associated 
abdominal pain, and the presence or absence of fever. 

Although this issue is controversial, some authorities believe that 
school-aged children who carry an excessively heavy backpack are at 
risk for back pain and alterations of gait or posture. To alleviate this, 
it is recommended that the backpack be of appropriate size with wide 
padded straps and back padding. In addition, the weight limit of the 
pack should not exceed 10-15% of the child’s body weight. The pack 
should be lifted with bending of the knees, and the straps should be 
adjusted so that the pack fits on the back and not below the waist. 


SPECIFIC DIAGNOSIS 
Intervertebral Diskitis 


Intervertebral diskitis is the term applied to a number of processes that 
are characterized by back or leg pain and identified radiographically 
by narrowing of the intervertebral joint space between 2 adjacent 
vertebral segments (Figs. 35.6 and 35.7). Magnetic resonance imaging 
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History, physical exam, 
blood tests 


Negative Positive 
x-rays x-rays 


f I Constant, night, or 
Intermittent pain radicular pain, and/or 
only abnormal neurologic 
exam 


Nonspecific back Specific 
pain diagnosis 
Treat with rest, Treat as 
PT, and/or NSAID diagnosed 


FIGURE 35.5 Pediatric back pain algorithm for children >4 years of 
age. MRI, magnetic resonance imaging; NSAID, nonsteroidal antiinflam- 
matory drug; PT, physical therapy. (From Feldman D, Straight J, Badra 


M, et al. Evaluation of an algorithmic approach to pediatric back pain. J 
Pediatr Orthop. 2006;26:353-357.) 


Negative Positive 
MRI MRI 


(MRI) studies suggest that diskitis may begin as a micro abscess within 
the vertebral body adjacent to the vertebral end plate. The disk becomes 
infected from perforating vascular channels across the end plate. Vas- 
cular channels may also perforate the end plate on the opposite side 
of the disk, leading to involvement of the opposite vertebral body. 
In some patients, the symptoms resolve spontaneously without 
treatment. 

Most authorities believe that diskitis is a bacterial infection, usually 
caused by Staphylococcus aureus. Tuberculosis infection of the spine 
must also be considered in patients who have spent significant time 
outside the United States or in high-risk patients such as those who 
are immunocompromised. Surgical drainage, a critical component of 
effective treatment of other closed space infections of the musculoskel- 
etal system, is not usually required in most patients with intervertebral 


diskitis. 


Clinical Findings 

Three age-dependent patterns of presentation have been noted for 
intervertebral diskitis. Children younger than 3 years (the most 
common age) often present with irritability and refusal to walk and sit 
or have apparent dysfunction (limp, antalgic gait) of the lower extremi- 
ties. Patients may have very tight hamstrings, loss of lumbar lordosis 
(the lumbar spine is the most common site), and refusal to allow 
passive motion of the lumbar spine. Patients between the ages of 3 and 
8 years often have pain referred to the abdomen, particularly when the 
disk involves the lower thoracic spine. Adolescents with diskitis often 
have back pain; the discomfort often radiates into both legs. Additional 
features at all ages include low-grade fever; refusal to bear weight 
(sitting or standing); hyperlordosis; and, if intraspinal inflammation is 
present, decreased lower extremity muscle strength, decreased tone, 
and alterations of deep tendon reflexes. The erythrocyte sedimentation 
rate is usually elevated; the white blood cell count is usually normal 
but may be elevated in late cases. Early in the process, plain radiographs 


of the spine are often normal. Over a certain period of time, the disk 
space narrowing develops with subsequent erosion of the vertebral end 
plates (see Fig. 35.6). Traditionally, a bone scan has been recommended 
for assessment of diskitis. However, MRI is more sensitive than the 
bone scan. The MRI reveals the extent of the inflammatory process 
better and can delineate the degree of bone destruction (if any), the 
presence of abscess formation, or intraspinal inflammation (see Fig. 
35.7). 


Treatment 


The diagnosis of intervertebral diskitis should be suspected in young 
children with fever and unexplained back or leg pain and in previously 
healthy toddlers who become irritable and refuse to walk. Vertebral 
body osteomyelitis is a major consideration in the differential diagno- 
sis and can usually be diagnosed with radiographs and MRI. After 
appropriate laboratory studies, including blood cultures, have been 
performed, treatment should be started. A bacterial cause is likely if 
fever, leukocytosis, and elevation of the sedimentation rate are present. 
Antibiotic therapy should be started in such cases, because S. aureus is 
the most commonly responsible organism. Knowing the antibacterial 
sensitivity patterns of community-acquired S. aureus helps the clini- 
cian choose the appropriate antibiotic (clindamycin, vancomycin, or 
methicillin). In immunocompromised hosts, broader spectrum anti- 
biotic coverage is essential. If an organism is recovered, antibiotic 
coverage can be adjusted appropriately. Initial therapy should be intra- 
venous; oral antibiotics can be considered as pain decreases and labo- 
ratory studies return to normal. A total of 4-6 weeks of therapy is 
recommended for patients with infectious intervertebral diskitis. 

Immobilization of the spine is used for persistent symptoms. 
Patients without systemic signs of infection and in whom laboratory 
studies show no leukocytosis and only moderate elevation of the sedi- 
mentation rate may be occasionally managed by antiinflammatory 
agents and rest. 

Patients who remain ill or worsen after the initiation of rest and 
antibiotic treatment should undergo surgical biopsy and drainage. 
Biopsy should also be performed in patients in whom tuberculous 
intervertebral disk space infection is suspected (positive exposure 
history, positive purified protein derivative findings; see Chapter 2). 

The evolution of plain radiographic findings lags behind clinical 
findings in intervertebral diskitis. Although patients with interverte- 
bral diskitis may experience disk space narrowing and end plate erosion 
during the course of treatment, normal radiographs and bone scans at 
the time of initial evaluation do not preclude the diagnosis. Radio- 
graphic changes continue long after the inflammatory process has 
resolved. Progressive disk space narrowing, intervertebral disk space 
calcification, and spontaneous intervertebral arthrodesis are potential 
late findings. 

Lack of focal changes on plain films obtained 2-3 weeks after the 
onset of symptoms significantly lessens the likelihood of intervertebral 
diskitis. In such patients, careful study for other potential diagnoses is 
essential. Tumors of the spinal cord may manifest in a similar manner 
without causing the changes in the vertebral segments necessary to 
produce alterations on bone scanning. In such patients, MRI is 
invaluable. 


Spondylolysis and Spondylolisthesis 


The most common abnormalities of the lower lumbar and lumbosa- 
cral spine—spina bifida occulta, at L5 or S1, and spondylolysis, usually 
at L5 to S1—are often noted as incidental radiologic findings in entirely 
asymptomatic individuals. A few individuals with spondylolysis (defect 
in the pars interarticularis without slippage) experience back pain and 
progressive slippage deformity, known as spondylolisthesis. 
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(See Nelson Textbook of Pediatrics, p. 3293.) 
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TABLE 35.2 Differential Diagnosis of Back Pain 


Inflammatory Diseases 
Diskitis* 


Vertebral osteomyelitis (pyogenic, tuberculosis) 


Spinal epidural abscess 

Transverse myelitis 

Pyelonephritis™ 

Perinephric abscess 

Pancreatitis 

Paraspinal muscle abscess, myositis 
Psoas abscess 

Endocarditis 

Pelvic osteomyelitis or myositis 
Pelvic inflammatory disease 


Rheumatologic Diseases 
Pauciarticular juvenile rheumatoid arthritis” 
Reactive arthritis 

Ankylosing spondylitis 

Psoriatic arthritis 

Ulcerative colitis, Crohn disease 

Fibrositis, fibromyalgia 


Developmental Diseases 
Spondylolysis (in adolescence) * 
Spondylolisthesis (in adolescence)* 
Scheuermann syndrome (in adolescence)* 
Scoliosis 


Chiari malformation type 1 with or without syringomyelia 


Spinal dysraphism 


Mechanical Trauma and Abnormalities 

Muscle strain/sprain* 

Hip/pelvic anomalies 

Herniated disk (rare) 

Juvenile osteoporosis (rare) 

Overuse syndromes (common with athletic training and in gymnasts and 
dancers)* 

Vertebral stress fractures 

Lumbosacral sprain* 

Seatbelt injury 

Trauma (direct injury; e.g., motor vehicle crash)“ 

Strain from heavy knapsacks 


Neoplastic Diseases 

Primary vertebral tumors (osteogenic sarcoma, Ewing sarcoma) 

Metastatic tumor (neuroblastoma, rhabdomyosarcoma) 

Primary spinal tumor (neuroblastoma, lipoma, cysts, astrocytoma, 
ependymoma) 

Malignancy of bone marrow (ALL, lymphoma) 

Benign tumors (eosinophilic granuloma, osteoid osteoma, osteoblastoma, 
bone cyst) 


Other 

Disk space calcification (idiopathic, S/P diskitis) 
Conversion reaction 

sickle cell anemia 

Nephrolithiasis 

Hemolysis (acute) 

Hematocolpos 

S/P lumbar puncture 


*Common. 
ALL, acute lymphocytic leukemia; S/P, status post. 
Modified from Behrman R, Kliegman R, eds. Nelson Essentials of Pediatrics. 2nd ed. Philadelphia: WB Saunders; 1994:711. 


FIGURE 35.6 Intervertebral diskitis. There is loss of intervertebral disk 
space height between vertebral segments L3 and L4, with early end 
plate erosion on the anteroinferior surface of L3 and anterosuperior 
surface of L4. 


FIGURE 35.7 Intervertebral diskitis, magnetic resonance image. Note 
the increased marrow signal from the vertebral bodies adjacent to the 
narrowed L4 intervertebral disk. The normal bright signal is missing 
from the involved disk itself, and there is evidence of soft tissue 
abscess formation anterior to the involved disk space. 
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FIGURE 35.8 Stress leading to fracture of the pars interarticularis. 


FIGURE 35.9 Clinical picture of severe spondylolisthesis. 


As a consequence of the normal lordotic tilt of the lumbar spine, 
shear forces are generated between the L5 and S1 vertebral segments. 
Forward displacement of L5 on S1 is normally prevented by the stable 
articulation of the superior facets of S1 and the inferior facets of L5. 
Defective formation of the posterior elements of the lumbosacral joint 
or defects in the bone connection between the body and the arch of 
the 5th lumbar vertebra render the anterior junction of L5 and S1 
unstable and may lead to relative displacement. 


Cause 


Spondylolysis and spondylolisthesis in children and adolescents usually 
involve the 5th lumbar and 1st sacral units. Spondylolysis is not present 
at birth, but with growth and activity, it is seen by age 6 years in about 
4% of children and 6% of adults. Spondylolysis appears to be less 
common in black persons and much more common in some North 
American Eskimo groups; the lowest incidence has been reported in 
black females, and the highest in white males. The male to female ratio 
is 2:1. The disorder appears to be multifactorial; both hereditary and 
mechanical factors have been implicated. Relatives of patients with 
spondylolysis are much more likely to be affected than are individuals 


in the general population, although the degree of slippage is not as well 
correlated. 

Fatigue fracture of the posterior elements of L5 may be responsible 
for acutely painful spondylolysis in some preadolescent and adolescent 
athletes (Figs. 35.8, 35.9, and 35.10). Activities that involve repeated 
trunk flexion and extension have been implicated; adolescent divers 
and gymnasts are reported to be susceptible to spondylolysis and 
spondylolisthesis. A high rate of spondylolysis has been reported in 
Scheuermann disease (thoracic kyphosis), which may be related to 
compensatory excessive lumbar lordosis. In addition, an increased 
incidence of spondylolisthesis has been noted among both patients 
with myelodysplasia and those with cerebral palsy. 

Acute fracture-dislocation of vertebral units resulting from violent 
trauma in a strict sense is 1 form of spondylolisthesis, but because 
it differs so greatly from other types of spondylolisthesis in cause, 
presentation, and treatment, it is usually considered as a separate 
entity. 


Presentation 


Symptoms in patients with spondylolysis and spondylolisthesis are 
quite variable; many patients are asymptomatic. Some patients with 
minimal slips have extreme pain, while others with moderate to severe 
slips have little or no discomfort. Symptomatic patients complain of 
aching in the lumbar and lumbosacral regions. Buttock and posterior 
thigh pain may be present, but radicular symptoms of nerve root 
compression are usually absent unless the spondylolisthesis is severe. 
In severe cases, bowel and bladder dysfunction may also be present. 
Discomfort is usually increased by exercise and relieved by rest. 

Signs vary with the severity of spondylolisthesis. Asymptomatic 
patients with slips of mild severity may have no outward manifesta- 
tions of vertebral abnormality. Patients with moderate to severe slips 
usually have tenderness on palpation of the lumbar spine and increased 
lumbar lordosis. Spasm of the hamstring muscles may extend the sacral 
spine, causing the buttocks to seem flattened or heart-shaped in 
appearance. In severe slips, a step-off of L5 on S1 can be palpated. A 
flexible scoliotic deformity caused by paraspinal muscle spasm may be 
present. 

Neurologic examination findings are usually normal in children 
with spondylolysis. Symptoms and signs of nerve root compression 
and mechanical instability are much more common in adult patients 
with progressive or severe untreated adolescent spondylolisthesis. 

Hamstring muscle spasm is a common finding in patients with 
symptomatic spondylolisthesis and at times may be the chief present- 
ing problem. Affected patients are unable to flex far enough forward 
to touch their toes without bending their knees. When severe, ham- 
string spasm results in a loss of normal lumbar lordosis and produces 
a flattened appearance of the low back. Hamstring muscle spasm also 
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FIGURE 35.10 A, Radiograph features of spondylolysis showing lytic defect (arrow) in the pars interarticu- 
laris. B, In isthmic defects, this appears as the collar (arrow) of the “Scotty dog” sign. C, Collar of the Scotty 
dog sign outlined on film. (From Rathjen KE. Back pain. In: Herring JA, ed. Tachadjian’s Pediatric Orthopaedics. 


5th ed. Philadelphia: Elsevier; 2014:95.) 


interferes with gait; stride length is shortened, and patients run with a 
peculiar stiff-legged posture. The cause of hamstring spasm in spon- 
dylolisthesis is unclear; it does not appear to be caused by compression 
of spinal nerves, and it is rarely accompanied by other signs of nerve 
root compromise. Most authorities believe it is a result of abnormal 
strain on the hamstring muscles caused by mechanical instability of 
the lumbosacral junction. 


Radiographic Assessment 


If spondylolysis is suspected, radiographic assessment includes 
anterior-posterior lateral views of the lumbar spine (Fig. 35.11; see also 
Fig. 35.10). In cases of unilateral spondylolysis, there may be hypertro- 
phy of the opposite pars or pedicle. A computed tomographic (CT) 
scan is helpful in determining the anatomy of the defect and can help 
assess the status of healing during treatment. CT scans also may iden- 
tify sites of nerve root compression. The bone scan (single photon 
emission computed tomography scan) is sensitive in identifying the 
stress fracture before disruption is evident on radiographs. Immobili- 
zation at this point may heal the lesion. MRI has been increasingly 
utilized for assessing spondylolysis due to increasing concern over 
radiation exposure with CT and bone scan; improved techniques for 
obtaining MRI images are leading MRI to be the procedure of choice 
in assessing spondylolysis. 

If the clinician suspects an associated herniated disk, MRI is indi- 
cated. The plain radiographs illustrate the degree of slippage. This 
must be documented to see whether progression is occurring over 
time. The most common classification system notes the position of the 
posterior border of the L5 vertebral body with regard to the S1 body. 
When the slip is less than 25% of the width of the 1st sacral body, the 
slip is considered mild. Slips exceeding 50% are considered severe. 
These cases are of concern in that the progression may proceed to the 
point at which L5 dislocates in front of the S1 vertebral body, which is 
called spondyloptosis. 


Treatment 


In asymptomatic patients with a mild slip, no treatment is required; 
likelihood of progression is low. However, if significant progression 
occurs (even if a patient is asymptomatic), a posterolateral fusion is 
recommended. When a slip exceeds 50%, the likelihood of continued 
progression is high, and surgical stabilization should be performed. 
Both symptomatic and asymptomatic patients with this severe condi- 
tion should undergo surgical stabilization. 
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FIGURE 35.11 Spondylolisthesis. Slippage of L5 on the underlying 
body of S1 has occurred as a consequence of the defective formation 
of the posterior elements of L5. In this case, slippage is moderate, 
measuring slightly more than 25% of the width of the S1 vertebral 
segment. 


Initial treatment of patients with symptomatic spondylolysis 
should be conservative. The examiner must also rule out other causes 
of back discomfort. Activity restriction with antiinflammatory medica- 
tion is the initial treatment. When the pain is severe, a brace or corset 
is helpful. Then abdominal and paraspinal strengthening exercises are 
instituted to help relieve symptoms. Most patients with symptomatic 
spondylolysis or mild spondylolisthesis respond to conservative 
therapy and are able to return to sports. However, a small percentage 
of patients do not respond to conservative therapy; for these patients, 
surgical stabilization may be necessary. Patients with a severe slip who 
have a neurologic deficit that does not respond to conservative man- 
agement also require surgical intervention. A fusion in situ (L5 to S1) 
is the most commonly performed surgical procedure for patients with 
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a slip of less than 50%. Extension of the fusion to L4 is necessary to 
create a satisfactory fusion in patients with a more significant slip. 


Idiopathic Kyphosis 

Abnormal increases in expected thoracic kyphosis in children and 
adolescents produce round back deformities (Fig. 35.12). These may 
be congenital, neuromuscular, or idiopathic in origin. Mild to moder- 
ate increases in kyphosis cause little deformity and few symptoms. 
Severe kyphosis is disfiguring, often causes back pain, and may lead to 
spinal cord compromise. 

Round back posture is often encountered in otherwise healthy ado- 
lescents at school screening examinations. Affected patients are usually 
asymptomatic, although their parents often report poor posture. A 
history should be obtained and physical examination performed. 
Complaints of severe back pain or leg pain, enuresis, and findings of 
lower extremity weakness or increased reflex tone in patients with 
round back are ominous findings and warrant referral. 

If accentuated kyphosis is present, radiographic follow-up is 
indicated. Two radiologic patterns are common. The majority of 
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FIGURE 35.12 Preoperative (A and B) and postoperative (C and D) 
views of an adolescent boy with severe kyphosis secondary to Scheuer- 
mann disease. He required both anterior and posterior spinal fusion. He 
now has a markedly improved appearance and no further progression 
of the kyphosis. (From Renshaw TS. Pediatric Orthopedics. Philadel- 
phia: WB Saunders; 1986:53.) 


Back Pain in Children and Adolescents 


individuals, especially younger adolescents, have thoracic kyphotic 
curves of 20 to 45 degrees, with no underlying structural vertebral 
changes. Usually such curves correct easily on passive or active hyper- 
extension. For such children, no treatment except for a thoracic hyper- 
extension exercise program and periodic follow-up examination is 
necessary. 

More severe kyphosis with accompanying structural changes in 
vertebral bodies at the apex of the deformity is present in a small subset 
of adolescents with kyphosis. Affected individuals often have kyphotic 
curves greater than 60 degrees and show little correction with hyper- 
extension. Radiographs show vertebral wedging, end plate irregularity, 
and kyphosis (Fig. 35.13). Scheuermann kyphosis (an osteochondro- 
sis) Occurs in approximately 5-8% of the population, affecting males 
5-10 times more often than females. The cause remains unclear but 
may be the result of disruption of growth of the anterior portion of 
the vertebral body and consequent wedging of multiple vertebral 
bodies. Back pain is usually mild; many affected patients have no pain 
at all. The deformity in most affected patients is minimal and only 
rarely is cosmetically unacceptable. Late neurologic complications are 
extremely rare. 

Treatment depends on the degree of deformity and the age of the 
patient. Skeletally immature individuals with significant deformity 
may improve with a program of exercise and use of a Milwaukee or 
modified Boston brace. Bracing does not reverse a deformity, but it 
may prevent progression. Older patients with back pain usually 
respond to a back-strengthening exercise program. Patients with unac- 
ceptable deformity who are too old for brace treatment require surgical 
correction. Often this requires a combination of anterior release and 
posterior spinal instrumentation and fusion. 

Congenital vertebral malformations that produce kyphotic defor- 
mities develop during the Ist trimester of gestation and, like other 


FIGURE 35.13 Scheuermann kyphosis. Lateral radiographs of the mid- 
thoracic spine in an asymptomatic 16-year-old male with moderately 
severe kyphosis. There is severe wedging, loss of vertebral height, and 
end plate irregularity present on these films. His radiographic findings 
appear far worse than his symptoms and signs. If further collapse was 
to develop and the kyphosis became more severe, surgical intervention 
would be necessary. 
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(See Nelson Textbook of Pediatrics, p. 3291.) 


SECTION 7 


FIGURE 35.14 A, Congenital kyphosis secondary to failure of vertebral 
bodies to form at T12 and L1. B, The clinical appearance of the child. 
Thoracolumbar kyphosis is obvious. (From Renshaw TS. Pediatric 
Orthopedics. Philadelphia: WB Saunders; 1986:44.) 


congenital abnormalities of the spine, are often associated with abnor- 
malities of the genitourinary tract or the spinal cord. Kyphosis that 
results from congenital vertebral deformities is often obvious early in 
life and may be rapidly progressive (Fig. 35.14). The spinal cord may 
become tented over the apex of the deformity, producing symptoms 
and signs of spasticity in the lower extremity and bladder. Progression 
of deformity is dangerous; congenital kyphosis is the spinal deformity 
most often associated with paraplegia. Patients should be promptly 
referred for orthopedic evaluation. 


Intervertebral Disk Herniation 


Intervertebral disk rupture is much less common in children than in 
adults. Because most such patients are treated nonoperatively, the 
absolute incidence of the disorder is not known. In the United States, 
fewer than 1% of patients undergoing diskectomy are younger than 16 
years. The frequency of symptomatic intervertebral disk herniation 
may be more common in Asian persons than in white persons, perhaps 
because of the smaller size of the spinal canal. 

Some patients have a significant history of trauma. In other patients, 
congenital anomalies of the lumbar spine, such as transitional vertebra 
or spina bifida occulta, are noted. There may be a family history of low 
back pain or herniated disks. An autosomal dominant trait has been 
linked to the COL9A2 collagen IX gene. 

The symptoms of a herniated lumbar disk in adolescents differ 
somewhat from those in adults; this may delay recognition. The initial 
complaint in adolescents is significant low back discomfort; it is only 
months later that the symptoms of leg discomfort become more 
noticeable or prominent. Pain is typically aggravated by activity and 
relieved with rest. Symptoms may be intermittent. The affected ado- 
lescent has poor back mobility, often with paravertebral muscle spasm. 
Lumbar lordosis may diminish, and there is a tendency to walk bent 
forward. Hamstring tightness with limited straight-leg raising is almost 
universal. Neurologic signs are less likely to be prominent in the ado- 
lescent with herniated disk than in the affected adult. Clues to suggest 
a lumbosacral radiculopathy include abnormal straight leg or cross 
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straight leg raising responses, weak ankle dorsiflexion, calf wasting, 
diminished ankle reflex, and decreased sensation. Plain radiographs are 
needed as an initial study. These are usually normal other than for the 
loss of lumbar lordosis. The MRI is the procedure of choice for diag- 
nosing a disk herniation. In rare cases, adolescents may develop a lesion 
that is a fracture of the posterior vertebral apophysis, which displaces 
posteriorly into the spinal canal and acts like a herniated disk. This is 
an avulsion fracture that is identified with either a CT scan or MRI. 
When a patient has severe symptoms, treatment should begin with bed 
rest, analgesics, and antiinflammatory agents. When the symptoms 
have begun to abate, physical therapy for lumbar and paraspinal 
strengthening is helpful. A lumbar corset may be helpful for patients 
who also have significant symptoms. Patients who present with pro- 
gressive neurologic deficits require early surgical excision. Similarly, 
patients who fail to respond to a significant period of nonoperative 
management also require disk surgery. 

The long-term results of a disk excision are good in 70-80% of the 
patients. Spinal fusion is not required unless the patient shows evi- 
dence of instability, which is quite rare. 


Scoliosis 


Idiopathic scoliosis, a combination of lateral deviation and rotation of 
vertebral bodies, does not always produce back pain. When painful 
scoliosis is present, a careful search for the cause of the symptoms must 
be undertaken. Infection, tumor, a spinal cord syringomyelia or dia- 
stematomyelia (more common with left thoracic curves), and occult 
fractures may produce clinical findings that resemble idiopathic scolio- 
sis but, in contrast to idiopathic scoliosis, cause significant chronic pain 
as well. Any patient with painful scoliosis should have a careful evalu- 
ation for other spinal anomalies causing the pain. 


Etiology 


Idiopathic scoliosis begins in the immature spine, although progres- 
sion of preexisting curvatures may occur in adult life. The cause of 
idiopathic scoliosis remains unknown. Hormonal factors appear to 
play a role in curve progression, inasmuch as severe curves occur much 
more often in girls. Some studies have demonstrated abnormalities of 
proprioception and vibratory sensation in affected patients, which sug- 
gests that abnormalities of posterior column function may contribute 
to the development of curvature. Other investigators have implicated 
cerebellar or muscular (myopathy) dysfunction as a possible cause of 
spinal imbalance. 

No clear genetic pattern has been established. Curves occur more 
frequently in individuals with affected 1st-degree relatives, but trans- 
mission is not Mendelian. Although curvature is more likely to develop 
in the daughters of affected mothers than in other children, the mag- 
nitude of curvature in an affected individual is not related to the 
magnitude of curvature in relatives. It appears likely that a combina- 
tion of genetic predisposition and other undefined factors is respon- 
sible for development and progression of idiopathic scoliosis. 


Classification 


Idiopathic curves are grouped into infantile (birth-3 years), juvenile 
(4-10 years), and adolescent categories on the basis of age at onset of 
curvature. The infantile form differs enough from the other varieties 
to be considered a distinct entity. The distinction between juvenile and 
adolescent scoliosis is not as sharp. 

Infantile idiopathic scoliosis. Infantile idiopathic scoliosis is rare 
in the United States, probably accounting for fewer than 1% of new 
cases of idiopathic scoliosis. It is more common in Europe. The major- 
ity of patients are males, and most curves are convex toward the left 
rather than the right, as in the other varieties of idiopathic scoliosis. 
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Some infants suspected of having idiopathic deformity actually have 
subtle congenital vertebral abnormalities. The diagnosis of idiopathic 
deformity is appropriate only when radiographic studies show no evi- 
dence of congenital vertebral anomalies (e.g., hemivertebra) and there 
are no signs of spinal dysraphism or of neuropathic or myopathic 
disorders. 

Although many infantile curves resolve spontaneously, others pro- 
gress relentlessly and are very difficult to treat effectively. Observation 
is appropriate until 6 months of age in infants with mild idiopathic 
scoliosis, but prompt referral should be made if curves persist or 
increase during the period of observation. 

Juvenile idiopathic scoliosis. Juvenile idiopathic scoliosis begins 
before the adolescent growth spurt. Some curves are probably unde- 
tected cases of infantile scoliosis. Others, particularly those that occur 
in older children, may be early manifestations of adolescent idiopathic 
scoliosis. Some curves remain small and, in fact, may resolve spontane- 
ously. Others remain stable until the onset of the growth spurt and 
then progress unless treated. Still others progress steadily throughout 
childhood and adolescence. Some are associated with intraspinal 
anomalies (syrinx). There is no reliable method of predicting the 
behavior of juvenile curves at the time of diagnosis, but, in general, 
high-magnitude curves in young patients are more likely to increase 
with growth than are smaller curves in older children. 

The majority of patients with juvenile curves greater than 25 
degrees at the time of diagnosis require some form of active treatment. 
Treatment must begin at the time progression is first documented if 
severe deformity is to be prevented. 

Adolescent idiopathic scoliosis. Most cases of idiopathic scoliosis 
in North America develop around the time of the adolescent growth 
spurt (Figs. 35.15 and 35.16). Often parents and children are unaware 
of the presence of curvature at the outset. Nerve root impingement, 
intervertebral disk disease, and spinal cord compression are uncom- 
mon in young patients with idiopathic scoliosis. Large curves are more 
common in females than in males (7:1 ratio). Pain is so rare that 
children and adolescents with painful curves must be carefully studied 
in order to exclude neoplastic and inflammatory processes of the spinal 
column or neural canal. Idiopathic scoliosis is usually a painless disor- 
der during childhood and adolescence. Severe structural curves may 
cause no pain until degenerative changes develop in adulthood. 


School Screening Programs 


School screening for spinal deformity is common in North America. 
Most programs concentrate on children in the late juvenile and early 
adolescent periods. The most common screening method employed is 
the forward-bend test, based anatomically on the vertebral rotation 
that accompanies lateral spinal deviation (see Fig. 35.15). Associated 
clinical findings include shoulder asymmetry, unequal distances 
between the medial borders of the elbows and the flanks, and apparent 
leg length inequality or pelvic tilt. Breast asymmetry, caused by forward 
rotation of the chest wall on the side of the curve concavity and back- 
ward displacement of the chest wall on the convex side of the curve, is 
often present in affected girls. 

The threshold for “identification” on screening examination is sub- 
jective, and it is not surprising that the incidence of spine asymmetry 
detected by school screening programs varies with the method of 
screening and the experience of the examiner. A range of 3-20% has 
been reported. Follow-up radiographic studies of children thought to 
have abnormal curvatures on school screening examinations indicate 
an incidence of scoliosis in screened children of less than 15% (range, 
0.4-14%). The incidence of curves greater than 20 degrees at the time 
of primary screening is probably less than 0.5%. Simple devices such 
as the scoliometer determine spine asymmetry by measuring the angle 


FIGURE 35.15 A, Adolescent idiopathic scoliosis, viewed from the 
back. Note the right-sided thoracic prominence. When the patient 
bends forward (B), the rib prominence is even more apparent. This is 
secondary to rotation of the ribs and spine. The rib prominence is also 
quite evident when viewed from the front (C). (From Renshaw TS. 
Pediatric Orthopedics. Philadelphia: WB Saunders; 1986:47.) 


of trunk rotation at the apex of the rib hump. An angle of more than 
7 degrees is an appropriate criterion for referral. 

The 1st response to a positive school screening examination should 
be a repeated physical examination. If asymmetry is confirmed, a single 
standing posteroanterior spine film, including vertebral levels T1 to S1, 
should be obtained. Lateral films, bending films, and oblique views are 
not necessary. Referral is appropriate for skeletally immature children 
or adolescents with curves greater than 20 degrees. 


Natural History 


The natural history of curvature in patients with spine asymmetry is 
highly variable. Factors that appear to be associated with risk of pro- 
gression include the magnitude of curvature at the time of detection, 
the chronological and skeletal age of the patient, the pattern of curva- 
ture, and the menarcheal status. Immature patients with large- 
magnitude curves are far more likely to experience progression than 
are more mature patients with small curves. Progression of curves after 
skeletal growth is uncommon in idiopathic thoracic curves of less than 
30 degrees at the end of growth but is likely to occur in patients with 
curves greater than 50 degrees at maturity. 

Uncontrolled curve progression causes significant problems in 
adult life. Unacceptable deformity, back pain, chronic fatigue, and 
decreased work capacity are common. Premature degenerative arthritis 
and nerve root impingement caused by deformity and osteophytic 
spurring occur in patients with lumbar curves or double thoracic- 
lumbar curves. Asymptomatic decreased vital capacity is common 
in patients with thoracic curves; symptomatic cardiopulmonary 
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FIGURE 35.16 Adolescent idiopathic scoliosis. The patient, a 13-year- 
old girl, had a severe double-curve pattern with significant accompany- 
ing deformity but no pain. Surgical treatment was warranted to halt 
progression and restore spinal alignment. 


compromise (cor pulmonale) may develop in patients with curves 
greater than 80 degrees. 


Treatment 


The goal of treatment in idiopathic scoliosis is to bring a patient 
to skeletal maturity with a cosmetically acceptable, balanced, and 
stable curve that is unlikely to progress in adult life. Mature ado- 
lescents with curves less than 30 degrees need no treatment beyond 
initial evaluation. Further progression of curvature is unlikely to 
occur in these individuals. Patients with juvenile scoliosis and less 
mature adolescents with curves between 10 and 20 degrees should 
be monitored at 6-month intervals with single standing posteroan- 
terior spine radiographs. If progression occurs, they should be referred 
for orthopedic care. 

Active treatment is indicated for growing patients with curves 
greater than 30 degrees. Brace treatment remains the standard method 
of nonoperative treatment of idiopathic curvature. Surgical treatment 
is appropriate for patients with curves too severe for brace treatment. 
Documented progression in spite of nonoperative treatment is another 
indication for surgical intervention. 

Improved instrumentation and internal fixation devices, intraop- 
erative monitoring of spinal cord function, and autologous transfusion 
have improved the safety and efficacy of surgical correction. In most 
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FIGURE 35.17 Osteoid osteoma of the spine. Technetium bone scan- 
ning shows increased uptake in the T10 vertebral body in a 15-year-old 
boy. Note the scoliosis that accompanies this painful lesion. The condi- 
tion did not respond to antiinflammatory medications, and surgical 
excision was necessary. 


cases, patients can be out of bed the day after surgery and are dis- 
charged within 5 days of surgery. Return to school is usually possible 
within 3 weeks; most activities of normal life, including sports, can be 
resumed within 6 months. In many instances, no postoperative immo- 
bilization is required; in other cases, a removable lightweight plastic 
orthosis can be employed. Prolonged periods of immobilization in a 
plaster cast are uncommon. 


Tumors of the Spinal Column 


Persistent back pain, muscle spasm, and abnormal trunk posture are 
ominous findings in children. Neoplastic disease must be considered 
in patients with no other obvious source of pain (see Table 35.2). 


Primary Lesions of Bone 


The most common primary bone tumors affecting the spinal column 
in children are osteoid osteomas (Fig. 35.17), osteoblastomas (Fig. 
35.18), eosinophilic granulomas, and aneurysmal bone cysts. Although 
benign, these lesions may cause considerable back pain and local bone 
destruction. Osteogenic sarcoma, a malignant lesion of bone, occurs 
less commonly in the spine than in the long bones of children. Unex- 
plained pain is the hallmark of spinal neoplasia and is usually the 
presenting complaint. At times, pain may be severe and unresponsive 
to nonnarcotic analgesics. In other instances, as in osteoid osteoma, 
the relief of symptoms that occurs with nonsteroidal antiinflammatory 
agents is so characteristic that it is considered a diagnostic finding. 
Paraspinal muscle spasm, tenderness in the soft tissues on the side of 
the spinal column, and alterations in spinal configuration are common. 
Scoliosis, loss of lumbar lordosis, or accentuations of thoracic kyphosis 
may be present. 
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FIGURE 35.18 The patient presented with left-sided lumbar back pain. 
Note the destruction of the vertebral pedicle at L4 (arrows). This proved 
to be an osteoblastoma. Children with back pain should be suspected 
of having a tumor of the spine or spinal cord until it is proven otherwise. 
(From Renshaw TS. Pediatric Orthopedics. Philadelphia: WB Saunders; 
1986:57.) 


Initial evaluation of patients with suspected spinal tumors should 
include standard anteroposterior and lateral radiographs of the spine 
(see Fig. 35.18). These may not show small lesions hidden in vertebral 
pedicles or posterior elements; other studies are often necessary. Tech- 
netium bone scanning is particularly useful (see Fig. 35.17). MRI and 
CT scans are usually necessary to localize lesions for surgical treatment. 
Prompt referral is essential when spinal neoplasia is suspected. The 
success of treatment depends in large part on early discovery and 
intervention. 


Tumors of Neural Elements 


Back pain, lower extremity weakness, and sphincter disturbances are 
common manifestations of neoplasms of the spinal cord. Although 
such lesions are rare, they must be suspected in children with unex- 
plained back or leg pain, weakness, sensory or reflex abnormalities, 
bowel or bladder incontinence, or unexplained gait abnormalities. 
Neuroblastoma is the most common lesion, but sarcomas (including 
Ewing sarcoma, rhabdomyosarcoma, and hemangiosarcoma) and 
astrocytomas or ependymomas also occur in the neural contents of the 
spinal canal. 

In such patients, standard radiography often shows only loss of 
lordosis or scoliosis secondary to muscle spasm. MRI demonstrates the 
abnormality, but definitive diagnosis usually requires biopsy. The 
success of treatment is often related to promptness of diagnosis. Early 
referral of patients with unexplained back pain is essential for appro- 
priate treatment. 


Leukemia 


Skeletal involvement is common in patients with leukemia; back pain 
or limb pain may be the presenting symptom in some children. Pro- 
liferation of abnormal hematopoietic tissue in the marrow of long 
bones or vertebral bodies causes pain and weakens their structure. 


FIGURE 35.19 Osteomyelitis at T11 and T12. Note the destruction of 
the disk space and vertebral bodies with the beginning of anterior 
ossification. In this patient, fusion occurred spontaneously, and the 
patient is now asymptomatic. (From Renshaw TS. Pediatric Orthope- 
dics. Philadelphia: WB Saunders; 1986:59.) 


Clinical symptoms and signs in children with leukemic skeletal 
involvement may be confusing. Fever, localized pain and swelling, 
and elevations of the white blood cell count and erythrocyte sedi- 
mentation rate may be mistaken as signs of septic arthritis, osteo- 
myelitis, or intervertebral disk space infection. The presence of 
abnormal white blood cells on the peripheral blood cell count or of 
thrombocytopenia increases the likelihood of bone marrow tumor 
rather than infection. 

Osteopenia, periosteal elevation, and metaphyseal lucencies are 
common radiographic findings in leukemic involvement of long bones. 
These may be difficult to detect in patients with spinal involvement. 
Vertebral compression and wedging are sometimes present and may 
mimic acute fracture or, on occasion, osteomyelitis (Fig. 35.19). The 
absence of a history of trauma should alert the examiner to search for 
other causes of the radiographic abnormality. Preservation of interver- 
tebral disk space height with collapse of adjacent vertebral segments is 
an indication that the vertebral bodies rather than the intervertebral 
disk are the sites of the abnormality. Technetium bone scanning is 
useful for detecting other areas of involvement, although it is not as 
reliable in leukemia as in other spinal lesions. MRI is useful for detect- 
ing areas of spinal involvement not visible on plain radiographs and 
for assessing the extent of intraspinal infiltrate or spinal cord compres- 
sion present. 

The diagnosis of leukemia can be established by bone marrow 
aspiration. Biopsy of involved vertebral segments is rarely necessary. 
Support of the spine in a custom-fabricated orthosis is useful for 
relieving pain and preventing further vertebral collapse during the 
initial phases of treatment. Prolonged brace treatment may be neces- 
sary to prevent vertebral compression fractures that may accompany 
the osteopenia resulting from steroid therapy. Surgical decompression 
and fusion may be required in rare cases of acute vertebral compres- 
sion and spinal cord compromise. 
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TABLE 35.3 Red Flags: Most Common Indications From History and Examination for 
Pathologic Findings Needing Special Attention and Sometimes Immediate Action 


Children <18 yr old with considerable pain 

History of violent trauma 

Nonmechanical nature of pain (i.e., constant pain not affected by 
movement, pain at night) 

History of cancer 

Systemic steroid use 

Drug abuse 

HIV infection or other immunocompromised patients 
Unintentional weight loss 

systemically ill, particularly signs of infections such as fever or night 
sweats 


HIV, human immunodeficiency virus. 


Persisting severe restriction of motion or intense pain with minimal motion 
Structural deformity 

Difficulty with micturition 

Loss of anal sphinter tone or fecal incontinence, saddle anesthesia 
Progressive motor weakness or gait disturbance 

Marked morning stiffness 

Peripheral joint involvement 

lritis, skin rashes, colitis, urethral discharge, or other symptoms of 
rheumatologic disease 

Inflammatory disorder such as ankylosing spondylitis suspected 
Family history of rheumatologic disease or structiral abnormality 


Modified from Nachemson A, Vingard E. Assessment of patients with neck and back pain: a best-evidence synthesis. In: Nachemson AL, 
Johnsson B, eds. Neck and Back Pain: The Scientific Evidence of Causes, Diagnosis, and Treatment. Philadelphia: Lippincott Williams & Wilkins; 


2001. 


Back pain in children may be referred pain from intraabdominal or 
retroperitoneal disease (see Table 35.2) or may represent direct involve- 
ment of the spinal cord, vertebral bodies, or paraspinal musculature. 
In most children with normal examination findings, back pain is 
benign, short-lived, and responsive to rest or nonsteroidal antiinflam- 
matory agents. 

Chronic persistent back pain, pain associated with lower extremity 
or bowel and bladder neurologic deficits, cutaneous lesions over the 
lumbar spine, systemic signs (as in inflammatory bowel disease, leuke- 
mia, osteomyelitis), acute pain, and tenderness with neurologic dys- 
function after trauma are red flags (Table 35.3). Signs of cord 
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involvement are particularly ominous and are emergencies. Spinal cord 
involvement above T10 produces symmetric weakness, increased deep 
tendon reflexes, up-going toes, and an appropriate sensory loss; conus 
medullaris involvement (T10 to L2) produces symmetric weakness, 
increased knee and decreased ankle deep tendon reflexes, a saddle-type 
anesthesia, and up- or down-going toes on Babinski testing; and cauda 
equina involvement (below L2) produces asymmetric weakness, loss of 
deep tendon reflexes, and down-going toes. Such findings represent an 
acute emergency that warrants immediate imaging (MRI) and therapy, 
which may include high-dose corticosteroids, radiation therapy, or 
laminectomy to prevent permanent paralysis. 
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Lymphadenopathy and Neck Masses 


Given the role of the lymphatic system in developing adaptive responses 
to numerous antigenic challenges and the rate at which the immune 
system is exposed to novel antigens early in life, enlarged lymph nodes 
are regularly encountered both incidentally and within the context of 
many childhood illnesses. The challenge for the clinician is determin- 
ing when a change in the size or quality of a lymph node is physiologic 
and when such a change represents pathology. A thorough history, 
physical examination, and recognition of the anatomic drainage pat- 
terns of the lymphatic system will oftentimes sufficiently narrow the 
differential diagnosis of lymphadenopathy such that complicated or 
invasive diagnostic evaluations are unnecessary. 


MECHANISM OF LYMPHADENOPATHY 


The lymphatic system is a network of vessels and tissues that collects 
excess fluid from the cellular interstitium and returns it to the periph- 
eral circulation. This interstitial fluid is similar in composition to 
plasma, though it may contain additional proteins, pathogens, other 
antigens, and antigen-presenting cells. The collected fluid, termed 
lymph, enters the lymphatic system via specialized lymphatic capillar- 
ies and passes into nearby lymph nodes via afferent lymphatic vessels. 
The lymph nodes contain both B and T lymphocytes lying in a sup- 
portive framework within a connective tissue capsule (Fig. 36.1). Addi- 
tional lymphocytes may enter lymph nodes from the peripheral venous 
circulation via postcapillary high endothelial venules. Antigens, 
antigen-presenting cells, and pathogens present within the lymph 
interact with the lymphocytes, allowing for the production of B- and/ 
or T-cell immune responses in an effort to clear the antigen or patho- 
gen. Efferent lymphatic vessels then carry lymph and antigen-sensitized 
lymphocytes from the nodes back to the peripheral circulation via the 
thoracic duct. 

Enlargement of lymph nodes can come about via several mecha- 
nisms. First, physiologic hyperplasia can occur as nodal and circulat- 
ing lymphocytes proliferate within nodes in response to antigenic 
stimulation. Second, bacteria that have been transported to the nodes 
may stimulate the recruitment of polymorphonuclear cells and the 
elaboration of inflammatory mediators that can lead to the edema, 
erythema, and tenderness characteristic of bacterial lymphadenitis or 
to suppuration and abscess formation. Third, malignant cells may 
arise within the node itself and proliferate, causing enlargement, or 
arrive from distant cancerous sites and infiltrate the nodal tissue. 
Fourth, certain medications can cause lymphadenopathy either 
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directly or as part of a serum sickness-like reaction. Finally, in rare 
genetic storage diseases (Niemann—Pick, Gaucher diseases), macro- 
phages laden with abnormally metabolized lipids may lodge within 
lymph nodes, causing enlargement. 

The regional drainage pattern of each lymph node group is impor- 
tant in determining the cause of lymphadenopathy, particularly when 
localized to an individual node or contiguous group of nodes (Fig. 
36.2 and Tables 36.1 and 36.2). The cervical lymph nodes drain 
lymph from distinct areas of the head, neck, and throat and may 
enlarge if a local infection is present. Consequently, because otitis 
media and pharyngitis are common infections in children, head and 
neck lymphadenopathy is one of the more frequently encountered 
regional lymphadenopathy patterns in small children. The axillary 
nodes drain lymph from the arms, lateral breasts, and superficial 
chest and upper abdomen, and isolated enlargement of these nodes 
may suggest pathology in these areas. The inguinal nodes drain the 
lower extremities, genitourinary system, and perineum, which may 
indicate lower extremity pathology or the presence of a sexually 
transmitted infection in patients with an exposure history. Supracla- 
vicular lymphadenopathy is a concerning finding and should prompt 
concern for an underlying neoplasm, fungal infection, tuberculosis, 
or sarcoidosis. Generalized lymphadenopathy, defined as the pres- 
ence of enlarged or abnormal lymph nodes in 2 or more noncon- 
tiguous lymph node groups (with or without hepatosplenomegaly), 
is often indicative of a systemic response to an infectious or otherwise 
inflammatory process but may also indicate malignant proliferation 
of lymphocytes (Table 36.3). 


$ History 


History should be aimed at establishing the time course of the devel- 
opment of lymphadenopathy, whether the lymphadenopathy is 
restricted to a particular anatomic region or is generalized, and if there 
are any associated signs, symptoms, or exposures that may suggest an 
etiology. 

Lymphadenopathy that develops rapidly over several days is more 
suggestive of an acutely inflammatory, often infectious process, 
whereas more indolently developing lymphadenopathy may suggest 
malignancy, chronic disease, or an atypical infection. The sudden 
onset of unilateral inguinal adenopathy shortly following lower 
extremity trauma suggests an infection in the traumatized extremity. 
In contrast, progressive enlargement of multiple noncontiguous nodal 
groups over the course of weeks or months that is accompanied by 
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(See Nelson Textbook of Pediatrics, p. 2413.) 
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weight loss, fevers, or night sweats, suggests a systemic illness such 
as lymphoma or tuberculosis. When establishing the time period over 
which the lymphadenopathy developed, the clinician should clarify 
both when the node was first noted to be abnormal, as well as the 
last time the node was felt to be normal. This information is par- 
ticularly essential if associated symptoms, overlying skin changes, and 
tenderness are absent, since more slowly developing lymphadenopathy 
may not be noticed until the node or nodes are quite enlarged, or 
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FIGURE 36.1 Diagrammatic representation of the structure of a lymph 
node. (From Faller DV. Diseases of the lymph nodes and spleen. In: 
Wyngaarden JB, Smith LH, Bennett JC, eds. Cecil Textbook of Medi- 
cine. 19th ed. Philadelphia: WB Saunders; 1992:979.) 
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if lymphadenopathy was noted only incidentally when dressing, 
grooming, or bathing. 

The age of the child with lymphadenopathy is similarly important 
in the consideration of the cause (see Table 36.3). Neonatal lymphade- 
nopathy is typically indicative of exposure to an infectious agent in 
utero, such as cytomegalovirus (CMV), syphilis, human immunodefi- 
ciency virus (HIV), rubella, or toxoplasmosis, though may less fre- 
quently be associated with congenital malignancy or storage diseases. 
In contrast, toddlers and children with adenopathy tend to have either 
focal infections that drain into the affected nodal chain, or systemic 
viral infections, resulting in diffusely enlarged nodes. Adolescents may 
acquire exposures that place them at risk for sexually transmitted 
infections and inguinal adenopathy. Just as exposure to certain infec- 
tious agents may vary with age, the risk of hematologic malignancy 
varies as well: acute leukemias are more common in toddlers and 
young children; non-Hodgkin lymphoma is more common is 
school-aged children, and Hodgkin lymphoma is more common in 
adolescents. 

The past medical history and review of systems should be explored 
for conditions that may either cause lymphadenopathy directly or 
place the patient at increased risk for opportunistic infections, such as 
congenital or acquired immunodeficiency. The clinician should inquire 
about any signs or symptoms that would suggest an acute infectious 
process or more slowly progressive constitutional symptoms that may 
suggest malignancy or indolent infection. The quality of oral hygiene 
practices and dentition should be assessed as odontogenic infections 
may not readily be appreciated as a source of cervical lymphadenopa- 
thy. The use of any prescription medications, over-the-counter medi- 
cines, or traditional remedies should be ascertained. In addition to 
medications that may directly cause lymphadenopathy, other sub- 
stances may provoke lymphadenopathy as a component of a serum 
sickness-like reaction or be associated with autoimmune or rheuma- 
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FIGURE 36.2 The superficial (A) and deep cervical (B) lymph nodes that drain the head and neck. Ant., 
anterior; post., posterior; R, right; superfic., superficial; tr., tributary. (From O'Rahilly RO. Gardner-Gray- 
O'Rahilly Anatomy: A Regional Study of Human Structure. bth ed. Philadelphia: WB Saunders; 1986:719) 


TABLE 36.1 Drainage Areas of 


Regional Nodes 


Abdominal and Pelvic 
Abdomen, lower extremity, pelvic organs 


Axillary 
Arm, breast, chest wall, hand, upper and lateral abdominal wall 


Cervical 
External ear, larynx, parotid, superficial tissues of the scalp, head, and neck, 
thyroid, tongue, trachea 


Epitrochlear 
Forearm, hand 


lliac 
Bladder, lower abdomen, part of the genitalia, urethra 


Inguinal 
Gluteal region, lower anal canal, lower extremity, perineum, vulva and 
vagina in females, scrotum and penis in males, skin of the lower abdomen 


Mediastinal 
Thoracic viscera 


Occipital 
Posterior scalp 


Popliteal 
Knee joint, skin of the lateral lower leg and foot 


Preauricular 
Cheek, conjunctivae, eyelid, temporal scalp 


Submaxillary/Submental 
Buccal mucosa, gums, teeth, tongue 


Supraclavicular 

Abdomen, arms, head, lungs, mediastinum, neck, superficial thorax 

Left supraclavicular adenopathy is usually due to an intraabdominal problem. 
Right supraclavicular adenopathy is usually due to an intrathoracic problem. 
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TABLE 36.2 Sites of Regional 
Lymphadenopathy and Associated Diseases 


Cervical 

Oropharyngeal infection (viral, 
group A streptococcal, or 
staphylococcal) 

Scalp infection (tinea) 

Mycobacterial lymphadenitis 
(tuberculous and nontuberculous 
mycobacteria) 

Viral infection (EBV, CMV, HHV-6, 
measles) 

Cat-scratch disease 

Kawasaki disease 

Thyroid disease 

Kimura disease 


Periodic fever, aphthous stomatitis, 


pharyngitis, cervical adenopathy 
(PFAPA) syndrome 
Kikuchi-Fujimoto disease 


Anterior Auricular 

Conjunctivitis or other eye 
infections 

Oculoglandular tularemia, 
cat-scratch disease, EBV, 
adenovirus 


Posterior Auricular 

Otitis media 

Viral infection (especially rubella, 
parvovirus) 


Supraclavicular 

Malignancy or infection in the 
mediastinum (right) 

Metastatic malignancy from 
abdomen (left) 

Lymphoma 

Tuberculosis 


Epitrochlear 

Hand infection, arm infection” 
Lymphoma‘ 

Sarcoidosis 

Syphilis 

EBV 

HIV 


Inguinal 

Urinary tract infection 

sexually transmitted infection 
(especially syphilis or 
lymphogranuloma venereum) 

Lower extremity suppurative 
infection 

Plague 


Hilar (Not Palpable, Found 
on Chest Radiograph or 
CT) (see Table 36.4) 
Tuberculosis’ 

Histoplasmosis’ 
Blastomycosis' 
Coccidioidomycosis' 
Leukemia/lymphoma' 

Hodgkin disease’ 

Metastatic malignancy* 
Sarcoidosis’ 

Castleman disease 


Axillary 

Cat-scratch disease 

Arm infection 
Malignancy of chest wall 
Leukemia/lymphoma 
Brucellosis 


tologic conditions that cause generalized lymphadenopathy (see 
Table 36.3). 

After determining the timing and distribution of the lymphade- 
nopathy and placing these findings within the context of the child’s 
age and past medical history, the clinician should inquire about any 
exposures that may have led to the development of lymphadenopathy, 
focusing in particular on diet, travel history, and contact with individu- 
als, animals, or environments that may pose a risk for disease transmis- 
sion. Contact with or consumption of raw or undercooked meats, 
particularly pork, lamb, and venison, may transmit Toxoplasma gondii, 
leading to toxoplasmosis. Similarly, contact with agricultural animals 
or ingestion of unpasteurized dairy products may place patients at risk 
for acquiring certain pathogens, such as Brucella species or Mycobac- 
terium bovis; infection with either of which may lead to generalized 
lymphadenopathy. Potential exposures in the home environment 
should be assessed, including the risk of contaminated drinking water 
and whether there are concerns for mold exposure, particularly in 
immunocompromised patients. The presence of pets, either within the 
home or in the area, should be determined. Cats or kittens that may 
scratch the child and transmit Bartonella henselae, the etiologic agent 
of cat-scratch disease, are often omitted from the history unless such 


*Unilateral. 

"Bilateral. 

CMV, cytomegalovirus; CT, computed tomography; EBV, Epstein-Barr 
virus; HHV-6, human herpesvirus 6; HIV, human immunodeficiency 
virus. 


questions are specifically asked. Furthermore, some families may deny 
the presence of household pets but forget to mention that the child 
plays with a pet present in a barn or around the neighborhood. Travel 
history should determine whether the child is from or has been exposed 
to geographic areas associated with a higher risk for acquiring certain 
infections, such as tuberculosis in developing nations or histoplasmosis 
in the Ohio River valley. The clinician should inquire whether any 
family members or close contacts are ill or taking medications, whether 
any have recently traveled to or immigrated from other countries, and 
whether any have recently been incarcerated. Adolescents should be 
questioned about risk factors for HIV and sexually transmitted infec- 
tions, such as syphilis or lymphogranuloma venereum, which may 
cause generalized or inguinal lymphadenopathy, respectively. 

The family history should also focus on potentially heritable condi- 
tions, such as autoimmune or rheumatologic disorders, certain 
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TABLE 36.3 Differential Diagnosis of 
Generalized Lymphadenopathy 


Neonate Child Adolescent 


Common Causes 
CMV Nonspecific viral infections Viral Infections 


HIV EBV EBV 
Syphilis CMV CMV 


Toxoplasmosis HIV HIV 
Toxoplasmosis Measles 
Measles Toxoplasmosis 
Syphilis 


Rare Causes 
Chagas disease 
(congenital) 


Serum sickness Serum sickness 


SLE, JIA 
Leukemia/lymphoma 


SLE, JIA 


Leukemia/ 
lymphoma 


Congenital leukemia 


Congenital 
tuberculosis 


Reticuloendotheliosis Tuberculosis (miliary) Tuberculosis 


Metabolic storage Sarcoidosis Sarcoidosis 


disease 


Histiocytic disorders Fungal infections Fungal infections 


Listeria sepsis Plague 

Leptospirosis 

Brucellosis 

Langerhans cell 
histiocytosis 

Macrophage activating 
syndrome 

Hemophagocytic 
lymphohistiocytosis 

Castleman disease 
(very rare in the this 
age group) 

Chronic granulomatous 
disease 

Sinus histiocytosis 
(Rosai—Dorfman disease) 

Kikuchi-Fujimoto disease 

Autoimmune 
lymphoproliferative 
disease (ALP) 

Rickettsial infection 


Plague 
Leptospirosis 
Brucellosis 
Drug reaction 
(immune) 
Castleman 
disease 
Rickettsial 
infection 


CMV, cytomegalovirus; EBV, Epstein-Barr virus; HIV, human 
immunodeficiency virus; JIA, juvenile idiopathic arthritis (as Still 
disease); SLE, systemic lupus erythematosus. 


hematologic and soft tissue malignancies as well as storage diseases 
that may be associated with noninfectious forms of lymphadenopathy. 


$ Physical Examination 


Physical examination should assess general appearance and look for 
signs or symptoms that may reveal the underlying cause of lymphade- 
nopathy. Examination of the lymphatic system should establish the 
size, quality, and distribution of any abnormal lymph nodes and 
should assess for the presence of tenderness or changes in the overlying 
skin or surrounding tissues. 


Size 


The threshold beyond which a particular node is considered enlarged 
varies by nodal group. In general, nodes over 1 cm in diameter are 
considered enlarged; exceptions include epitrochlear nodes greater 
than 0.5 cm in diameter and inguinal nodes greater than 1.5 cm in 
diameter. 


Quality 


The quality of the nodes often yields some clues as to the cause of 

the adenopathy. The clinician should assess consistency, mobility, 

shape, tenderness, and whether any changes to the overlying skin or 

soft tissues are present. The following general patterns are worth 

noting: 

° Erythematous, tender, and warm: acute bacterial infection with 
suppurative adenitis 

° Tender, nonerythematous, and soft: viral infection or other sys- 
temic infection 

° Firm, hard, rubbery, and nontender: lymphoma or other infiltrat- 
ing tumor 

° Hard, matted, immobile, and nontender: tumor, metastatic or local; 
fibrosis that follows acute infection 


Distribution 


All areas in which lymphadenopathy is commonly present should be 
palpated, including the cervical, auricular, axillary, epitrochlear, ingui- 
nal, and supraclavicular areas, because lymphadenopathy in certain 
regions is linked to systemic or local illness. If more than 2 noncontigu- 
ous nodal groups are abnormal, without evidence of distinct focal 
infections inciting the lymphadenopathy within each group, the 
lymphadenopathy is generalized. 

Regional lymphadenopathy usually reflects pathologic processes 
within the lymphatic drainage distribution of that particular nodal 
chain (see Table 36.2). Several patterns of regional lymphadenopathy 
should prompt further evaluation. The presence of palpable supracla- 
vicular nodes is often a red flag for a serious illness such as malignancy. 
Supraclavicular nodes that are palpated on the right side often reflect 
a mediastinal tumor or invasive mediastinal infection, such as histo- 
plasmosis. Supraclavicular nodes on the left side are often the result of 
metastatic spread of an abdominal tumor. The presence of either type 
of node mandates an urgent evaluation, including computed tomog- 
raphy (CT) or magnetic resonance imaging. Epitrochlear nodes, if 
unilateral, commonly indicate the hand or arm as a source of distal 
infection; however, palpable bilateral epitrochlear lymph nodes usually 
reflect systemic illness, such as syphilis, sarcoidosis, or lymphoma. 
Inguinal node enlargement is common and is usually caused by the 
frequent occurrence of minor trauma and infections in a child’s legs 
and feet. Significantly enlarged inguinal nodes may also be present with 
sexually transmitted infections, such as syphilis, chlamydial urethritis, 
lymphogranuloma venereum, or with urinary tract infection, lym- 
phoma, or abdominal tumors. 

Mediastinal adenopathy (or mass) may be detected incidentally, or 
secondary to chest symptoms, or during the evaluation of peripheral 
but generalized lymphadenopathy. The differential diagnosis is noted 
in Table 36.4. 


$ Differential Diagnosis 


The differential diagnosis of lymphadenopathy is developed in a step- 
wise fashion, first by determining whether the lymphadenopathy is 
regional or generalized. Next, the time course of the lymphadenopathy 
should be defined as acute or as chronic, defined as being present for 
a period of more than 4 weeks. Finally, the quality of the nodes and 
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TABLE 36.4 Differential Diagnosis of 
Mediastinal Masses 


Anterior Mlediastinum 
Lymphoma 

Thymic cyst 

Thymic “hyperplasia” 

Benign teratoma 

Malignant germ-cell tumor 
Thymoma 


Middle Mediastinum 
Lymphoma 

Tuberculosis 
Histoplasmosis 

Sarcoidosis 


Posterior Mediastinum 
Neuroblastoma 
Ganglioneuroma 
Neurofibroma 

sarcoma 

Duplication cyst 


From Alexander S, Ferrando AA. Pediatric lymphoma. In: Orkin SH, 
et al, eds. Nathan and Oski’s Hematology and Oncology of Infancy 
and Childhood. 8th ed. Philadelphia: Elsevier; 2015;2:1627; Box 53-2. 


the presence of any associated signs or symptoms should be ascer- 
tained. Using this approach, a comprehensive differential diagnosis and 
evaluation plan can then be developed (Figs. 36.3 and 36.4). 


Differential Diagnosis of Head and Neck 

Lymphadenopathy: Head and Neck Masses 

Several congenital and acquired lesions of other head and neck struc- 
tures, many of which are benign, may mimic lymphadenopathy and 
deserve consideration. History and physical examination should 
provide sufficient information to arrive at an appropriate differential 
diagnosis and evaluation strategy of these mimics. Important factors 
in distinguishing lymphadenopathy from nonnodal congenital or 
acquired lesions of the head and neck include the age of the child, 
anatomic position, presence of signs of inflammation, associated 
symptoms, and the time course of the development of symptoms 
(Figs. 36.5 and 36.6). 


® Evaluation and Management Strategies 


Many previously healthy children with acute lymphadenopathy require 
few, if any, laboratory or imaging studies. No laboratory testing may 
be required for well-appearing children whose acute, localized adenop- 
athy can be attributed to an infection in the vicinity of the node. 
Patients with localized cutaneous bacterial infections causing adenopa- 
thy also may not need laboratory investigations before the initiation 
of empiric antimicrobial therapy unless there is suspicion of bactere- 
mia or invasive spread of the infection to underlying tissues. 

Acute cervical adenopathy accompanying pharyngitis in children 
older than 18 months may necessitate a throat culture for group A 
Streptococcus. The additional presence of hepatomegaly or splenomeg- 
aly should raise suspicion of Epstein-Barr virus (EBV )—related infec- 
tious mononucleosis. The clinician could obtain a complete blood cell 
count with white blood cell differential (to identify lymphocytosis and 
atypical lymphocytes) and EBV titers (or a monospot heterophile anti- 
body test in older children). 


Supraclavicular adenopathy, acute cervical adenopathy accompa- 
nied by respiratory distress, or prolonged cervical adenopathy warrants 
anteroposterior and lateral radiographs of the neck and/or chest, a 
complete blood cell count with white blood cell differential, and inter- 
feron gamma release assay or placement of a purified protein derivative 
(PPD) tuberculin skin test. CT with contrast is necessary in certain 
situations to fully delineate cervical adenopathy that is excessively large 
or that impinges on the airway, or to determine whether mediastinal 
adenopathy is also present. 

Children presenting with prolonged diffuse lymphadenopathy, 
hepatomegaly or splenomegaly, weight loss, night sweats, fevers, recur- 
rent infections, or failure to thrive must be more thoroughly studied. 
Only after the complete blood cell count and differential and chest 
radiograph are analyzed should other diagnostic studies be considered. 
HIV, EBV, and CMV studies (culture, polymerase chain reaction 
[PCR], and serologic profiles) may be obtained for some children. 
Because the diagnoses of leukemia (through bone marrow aspiration, 
biopsy), lymphoma (through bone marrow aspiration, biopsy), sys- 
temic lupus erythematosus (through antinuclear antibody, double- 
stranded DNA antibodies), and cat-scratch disease (through biopsy 
and/or B. henselae serologic profile) require more invasive and expen- 
sive tests, the physician should first consider all aspects of the history 
and physical examination before ordering laboratory studies. 


Regional Lymphadenopathy 


The typical child with acute regional lymphadenopathy presents with 
enlarged nodes, commonly in the cervical region. A thorough history 
and careful physical examination should reveal whether nodes are 
definitively involved, as opposed to other nonnodal structures, such as 
the parotid gland. In many cases, no other abnormalities are found on 
examination, and systemic signs are minimal. Laboratory tests should 
include a complete blood cell count and differential as well as measure- 
ment of the erythrocyte sedimentation rate and the C-reactive protein. 
In the child with fever and a tender cervical lymph node, oral antibiotics 
(with activity against mouth flora, streptococci, and staphylococci) 
should be started; if the lymphadenopathy persists or worsens, intrave- 
nous antibiotics are indicated. A PPD or interferon gamma release assay 
should be undertaken, and if the results are negative and symptoms 
resolve, it is reasonable to complete the antimicrobial course orally. 

In contrast, if the lymphadenopathy continues or becomes frank 
lymphadenitis with erythema and tenderness despite antimicrobial 
therapy, further work-up is indicated. Imaging the involved area is 
helpful but not always necessary. Although ultrasonography can reveal 
enlarged nodes or a fluid-filled abscess or cyst, contrast-enhanced 
computed tomography of the area is the best method for defining the 
extent of inflamed nodes and whether an abscess is present (Fig. 36.7). 
If an abscess is found, incision and drainage, followed by appropriate 
bacterial and mycobacterial cultures and stains, are appropriate. If 
atypical mycobacteria are suspected on the basis of a borderline posi- 
tive PPD result or clinical presentation, fine-needle aspiration or exci- 
sional biopsy is preferred because incision and drainage often leads to 
draining sinus tracts that are difficult to heal. Enlarged nodes that do 
not recede in several weeks with appropriate antimicrobial therapy and 
without explanation (such as acute EBV infection) should also raise 
the suspicion of malignancy. 


Generalized Lymphadenopathy 


In the child with generalized lymphadenopathy, the cause may be 
infectious, immunologic, or malignant. Infectious causes, such as HIV, 
EBV, toxoplasmosis, secondary syphilis, and CMV infections, can gen- 
erally be determined quickly through serologic testing. Noninfectious 
causes, such as systemic lupus erythematosus and serum sickness, can 
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LYMPHADENOPATHY 


Location 
Localized or regional 


Small, nontender nodes 
Associated URI, skin 


Warm, tender nodes 
+ Fever 
+ Erythema 


or dental Infection 


Generalized 


(See Fig. 36.4) 


Chronic >4 weeks 


Signs and symptoms indicating 
possible malignancy: 
Supraclavicular location 
Fixed and/or matted quality 
Progressive, painless enlargement 
Signs of airway obstruction 
Prolonged constitutional symptoms 

(fevers, night sweats, weight loss) 


Acute onset 
(<7 days) 


Pharyngitis 


Suppurative or 
abscess 
Unilateral 


Tests for group A streptococci 
Rapid antigen detection test 
Throat culture, PCR 

+ CBC 


Consider: 


Imaging 

CBC 

Blood culture 

Incision and drainage 
Aspiration 


+ “Monospot” 
+ EBV titers 
+ Viral polymerase chain reaction 


Sub-acute/ 
chronic onset 
(>1-3 wk) 


Consider: 

CBC 

ESR 

CRP 

PPD and/or interferon- 
gamma release 
assay for tuberculosis 

Chest x-ray 

Test for group 
A streptococci 

PCR/serology for EBV, 
CMV, toxoplasmosis, 


Alkaline phosphatase 

Uric acid 

Imaging (chest x-ray/ 
ultrasound/CT) 


Consider referral for 
biopsy and/or bone 
marrow studies 


Group A B-hemolytic 
streptococci 

Adenovirus 

EBV 

CMV 

HSV 

HHV-6 

Enterovirus 


Reactive 
adenopathy 


aureus 


LGV 
Syphilis 


Kawasaki disease 


Staphylococcus 


Group A B-hemolytic 
streptococcus 
Anaerobes 
Pasturella multocida 
Yerseinia pestis 


B. henselae, HIV 
Echocardiogram 


EBV 

CMV 

Toxoplasmosis 

M. tuberculosis 

Atypical mycobacterium 

S. aureus 

Group A B-hemolytic 
streptococci 

Cat-scratch disease 

Herpes simplex 

Kawasaki disease 


Hodgkin disease 
Non-Hodgkin lymphoma 
Leukemia 
Neuroblastoma 
Rhabdomyosarcoma 
Thyroid cancer 


FIGURE 36.3 Diagnostic algorithm for the evaluation of regional lymphadenopathy. CBC, complete blood 
count; CMV, cytomegalovirus; CRP, C-reactive protein; CT, computed tomography; EBV, Epstein-Barr virus; 
ESR, erythrocyte sedimentation rate; HHV, human herpesvirus; HIV, human immunodeficiency virus; HSV, 
herpes simplex virus; LDH, lactate dehydrogenase; LGV, lymphogranuloma venereum; PCR, polymerase 
chain reaction; PPD, purified protein derivative (tuberculosis skin test); RPR, rapid plasma reagin; URI, upper 
respiratory infection; VDRL, Venereal Disease Research Laboratory. (Modified from Pomeranz AJ, Sabnis S, 
Busey SL, Kliegman RM. Pediatric Decision-Making Strategies. 2nd ed. Philadelphia: Elsevier; 2016:229.) 


also generally be excluded by a thorough history and serologic studies 
when indicated. Drugs may cause serum sickness but may also produce 
hypersensitivity reactions with resulting generalized lymphadenopa- 
thy. Medications associated with drug-induced lymphadenopathy 
include allopurinol, atenolol, captopril, carbamazepine, gold, hydrala- 
zine, penicillins, phenytoin, primidone, procainamide, pyrimethamine, 
quinidine, sulfonamides, sulindac, and tetracyclines. If the generalized 


lymphadenopathy cannot be attributed to an infectious or other cause, 
if the nodes fail to recede within several weeks, and especially if there 
are systemic symptoms, malignancy must be considered. An abnormal 
complete blood cell count demonstrating anemia, leukopenia, or 
thrombocytopenia, or radiologic evidence of mediastinal adenopathy 
or pleural disease is highly suggestive of malignancy. Because serious 
disseminated infections, such as tuberculosis and histoplasmosis, can 
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Generalized lymphadenopathy 


Signs and symptoms indicating 
possible malignancy: 
Supraclavicular location 
Fixed and/or matted quality 
Progressive, painless enlargement 
Signs of airway obstruction 
Prolonged constitutional symptoms 

(fevers, night sweats, weight loss) 


Yes 


History of drugs/medications 
(e.g., phenytoin, phenobarbital, 
carbamazepine, isoniazid, 
aspirin, penicillin, tetracycline, 
cephalosporins, sulfonamides) 


Systemic symptoms 

+ Rash 

+ Fever 

+ Hepatosplenomegaly 
+ Arthritis/arthralgia 


Alkaline phosphatase 
Uric acid 


Imaging (chest x-ray/ 
ultrasound/CT) 


Consider: 

CBC 

CRP 

ESR 

ANA 

VDRL/RPR 

ANCA 

PPD 

Chest x-ray 

Viral serology 

HIV test 

Lyme titers 

CMV/EBV titers or PCR 
Toxoplasma titers 

+ Imaging (ultrasound/C T) 


Consider referral for 
biopsy and/or bone 
marrow studies 


+ Biopsy 


Infectious 
Viral (EBV, CMV, HHV-6, parvovirus B19, HIV, 
HSV, rubella) 
Bacterial (syphilis, Lyme disease, Salmonella, 
brucellosis, disseminated tuberculosis) 
Other infections ( Toxocara, histoplasmosis, 
malaria, toxoplasmosis) 
Sinus histiocytosis 
Immunologic (serum sickness, SLE, autoimmune 
lymphoproliferative syndrome, autoimmune 
hemolytic anemia, histiocytic disorders) 
Storage diseases (Gaucher, Niemann-Pick) 
Sarcoidosis 


Hodgkin disease 
Non-Hodgkin lymphoma 
Leukemia 


Neuroblastoma 
Rhabdomyosarcoma 
Thyroid cancer 


FIGURE 36.4 Diagnostic algorithm for generalized lymphadenopathy. ANA, antinuclear antibody; ANCA, 
antineutrophil cytoplasmic antibody; CBC, complete blood count; CMV, cytomegalovirus; CRP, C-reactive 
protein; CT, computed tomography; EBV, Epstein-Barr virus; ESR, erythrocyte sedimentation rate; HH\V-6, 
human herpesvirus 6; HSV, herpes simplex virus; LDH, lactate dehydrogenase; PCR, polymerase chain reac- 
tion; PPD, purified protein derivative (tuberculosis skin test); RPR, rapid plasma reagin; SLE, systemic lupus 
erythematosus; VDRL, Venereal Disease Research Laboratory. (Modified from Pomeranz AJ, Sabnis S, Busey 
SL, Kliegman RM. Pediatric Decision-Making Strategies. 2nd ed. Philadelphia: Elsevier; 2016:231.) 


manifest in a similar manner, fine-needle aspiration or biopsy of an 
involved node or bone marrow aspiration is crucial. Excision of a node 
is preferred in some cases in order to obtain adequate tissue for patho- 
logic study, stains, or cultures. 


Lymphadenopathy Patterns 


Several patterns of lymphadenopathy and their underlying causes 
deserve special mention, due either to the frequency with which they 


are encountered in pediatric practice, or to the potential severity of the 
underlying cause. 

Infections of the oropharynx. Pharyngeal infection is the most 
common cause of regional lymphadenopathy in children (see Chapter 
1). Many of these pharyngeal infections are associated with cervical 
lymphadenopathy and are viral in origin. Frequent viral causes include 
adenovirus, parainfluenza, influenza, rhinovirus, and enterovirus. EBV 
and CMV also commonly cause exudative pharyngitis and cervical 
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Congenital 


Location 
Physical findings 


Within the belly of the 
sternocleidomastoid 
Firm/solid 


Anterior triangle 


Anterior midline or 
paramedian Postauricular 
Angle of the mandible 
Anterior border of 
sternocleidomastoid 


+ Fistula 


Consider: 

Free T4, TSH 

Thyroid scan 

Imaging (CT/ultrasound) 
+ Aspiration 


Imaging 
Ultrasound 
CT/MRI 


Branchial 
cleft cyst 


Thyroglossal duct cyst 
Dermoid cyst 
Thymic cyst 
Goiter 
Congenital hyperthyroidism 
Defect in thyroid hormone 
synthesis 
Maternal goitrogens 


lodide deficiency 
Teratoma 
Laryngocele 


Congenital muscular 
torticollis 


NECK MASSES 


Perform H and P 


See Fig. 36-6 


Any location 

Soft, spongy 
Red/purplish color 
Transilluminates 


Imaging 
Ultrasound 
CT/MRI 


Cystic hygroma 
Hemangioma 


FIGURE 36.5 Diagnostic algorithm for congenital neck masses. CT, computed tomography; H and P, history 
and physical examination; MRI, magnetic resonance imaging; T4, thyroxine; TSH, thyroid-stimulating hormone. 
(Modified from Pomeranz AJ, Sabnis S, Busey SL, Kliegman RM. Pediatric Decision-Making Strategies. 2nd 


ed. Philadelphia: Elsevier; 2016:9.) 


lymphadenopathy. The chief complaint usually includes pain with 
swallowing and with talking, as well as tender, enlarged lymph nodes 
in the neck. Systemic manifestations, such as fever, myalgia, chills, 
and rhinorrhea may also be present. An examination of the throat 
typically reveals a symmetrically erythematous posterior oropharynx 
with enlarged tonsils that often contain exudates. Exudates can be 
seen with both viral and bacterial causes of pharyngitis and adenopa- 
thy, and thus do not reliably enable the examiner to discriminate 
between the 2 causes. Herpes stomatitis with mucocutaneous involve- 
ment and herpes pharyngitis with oropharyngeal vesicles are also 
associated with bilaterally enlarged, tender, non-erythematous cervical 
nodes. 

Bacterial infection of the pharynx is also commonly associated with 
enlarged, tender cervical lymph nodes. Strains of group A B-hemolytic 
streptococci are the most common causes of such infections and are 
difficult to differentiate clinically from viral causes of pharyngitis and 
lymphadenopathy; thus, throat culture, PCR, or rapid antigen detec- 
tion is necessary. An associated sandpapery rash and beefy-red tonsils 
with palatal petechiae are not usually seen with viral pathogens and 
should make the examiner consider group A streptococci and toxin- 
mediated scarlet fever as a likely cause. Other bacteria can cause phar- 
yngitis and cervical adenopathy, including non—-group A streptococci 
and anaerobic organisms, such as Fusobacterium species. Anaerobic 
organisms can lead to painful oral gingivitis or stomatitis and pharyn- 
gitis (Vincent angina) that may progress to peritonsillar abscess. 


Asymmetry in the tonsils and surrounding tissues, as well as deviation 
of the uvula away from the affected side may be seen with peritonsillar 
abscesses, along with unilateral tender, enlarged cervical lymph nodes 
ipsilateral to the abscess. Complications of acute bacterial pharyngitis 
may also include Lemierre syndrome, the findings of which include 
high fever and unilateral, lateral neck swelling that may be confused 
with adenopathy. Lemierre syndrome is due to septic thrombosis of 
the internal jugular vein (and pulmonary septic emboli), usually 
caused by invasion of the bloodstream by Fusobacterium organisms, 
and should lead to prompt hospitalization, blood cultures, treatment 
with intravenous antibiotics, and imaging of the internal jugular vein 
via Doppler flow ultrasonography or contrast-enhanced computed 
tomography. 

Acute cervical lymphadenitis—inflammation of the cervical 
lymph nodes with tender enlargement—is most likely to occur with 
group A streptococcal or Staphylococcus aureus infection. There may 
or may not be a history of sore throat or pharyngeal inflammation 
on examination. Infection with other oral bacteria, including 
non-group A streptococci and anaerobes such as Fusobacterium or 
Arcanobacterium species may also occur, presumably with the pharynx 
as the portal of entry. Other common sites for acute lymphadenitis 
are the submandibular nodes. Usually, these nodes quickly diminish 
in size after institution of appropriate antibiotic therapy, providing 
some degree of retrospective diagnosis while simultaneously being 
therapeutic. 
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NECK MASSES 


Location 
Physical findings 


Enlarging and persistent 


Lateral neck 


Obscuring angle of 
the mandible 


Lymph node 
involvement 


Yes No 


Salivary gland 
enlargement 


Yes 
Inflammation 


present 
(warm, tender) 


Thyroid scan 


Ulrasound 

+ Fine-needle 
aspiration 
or biopsy 


Yes No 
ronie Sallvaly Branchial 
gland infection cleft cyst 
Nonsuppurative 
Mumps 
Coxsackie A 
HIV 


Suppurative 
S. aureus 


Lymphadenitis 
Lymphadenopathy 


Benign 
adenoma 
Carcinoma 


Salivary calculus 

Collagen vascular disease 
Recurrent emesis (bulimia) 
Cystic fibrosis 

Recurrent idiopathic parotitis 
Mucocele 


Tumor 


Midline 
Moves with swallowing 


cervical mass with 
any of the following: 
Persistent drainage from 
nose or ear that is 
refractory to therapy 
Horner syndrome 
Iris heterochromia 
“Raccoon eyes” 
(periorbital ecchymosis) 


Hard, solitary, 


rapidly growing 
nodule 


Free T4, TSH 
Antithyroid 
antibodies 
+ Thyroid scan, 
Imaging (ultrasound/CT) 


Hypothyroid 


Autoimmune 
thyroiditis 

Endemic goiter 
(iodine 
deficiency) 

Goitrogenic 
drugs 

Defect in thyroid 
hormone 
synthesis 

Thyroglossal 
duct cyst 


Euthyroid Hyperthyroid 


Pendred 
syndrome 
Simple colloid 
goiter 
Autoimmune 
thyroiditis 
Thyroglossal 
duct cyst 


Graves 
disease 

Autoimmune 
thyroiditis 


Rhabdomyo- 
sarcoma 
Neuroblastoma 


FIGURE 36.6 Diagnostic algorithm for acquired neck masses. CT, computed tomography; MRI, magnetic 
resonance imaging; Ty, thyroxine; TSH, thyroid-stimulating hormone. (Modified from Pomeranz AJ, Sabnis 
S, Busey SL, Kliegman RM. Pediatric Decision-Making Strategies. 2nd ed. Philadelphia: Elsevier; 2016:11.) 


Suppuration and spontaneous drainage of the nodes is less common 
than adenitis and is not typically seen in the setting of viral infections. 
Acute suppurative cervical adenitis can be seen in infections of the face 
and scalp and is usually caused by infection with group A streptococci 
or S. aureus. Management of suppuration includes incision and drain- 
age or excision of the suppurative node. Gram stain and bacterial, 
fungal, and mycobacterial cultures of the drainage should be obtained. 
If there is concern for mycobacterial disease, a tuberculin skin test 
should be placed and/or interferon-gamma release assay should be 
performed. Total excision should be performed if atypical mycobacte- 
rial infection is suspected, because draining fistulas may form if a 
needle biopsy or partial resection is performed. Fine-needle aspiration 
may reduce the risk of sinus formation. 

Infections of the extremities. Bacterial infections of the skin and 
soft tissues are common causes of localized lymphadenopathy and 
adenitis, and can lead to axillary or inguinal adenopathy if these infec- 
tions originate in the extremities. These infections, primarily caused 
by group A B-hemolytic streptococci or S. aureus, may drain into and 


inflame single or multiple regional lymph nodes. Any laceration or 
insect bite that becomes infected may yield adenopathy upstream in 
the nodal drainage basin of the infected site. Occasionally, penetrating 
injuries to the feet occurring through damp shoes or in wet areas may 
yield infections with other bacteria, such as Pseudomonas aeruginosa. 
These penetrating infections usually manifest with cellulitis or osteo- 
myelitis; lymphadenopathy is noted during the physical examination. 
The most common sites of infection include the foot or leg, leading to 
unilateral inguinal lymphadenitis, and the hand or arm, causing axil- 
lary lymphadenitis or unilateral inflammation of the epitrochlear 
nodes. 

Epstein-barr virus infection. Infection with EBV is a common 
cause of both regional (bilateral cervical) and diffuse lymphadenopa- 
thy. This virus classically causes a mononucleosis syndrome in adoles- 
cents (Fig. 36.8), consisting of acute pharyngitis that may have a 
prolonged course, with tender and firm cervical adenopathy, malaise, 
fever, weight loss, and anorexia. Nearly half of patients will have gen- 
eralized lymphadenopathy as well. More than 80% of patients have 
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mild hepatitis that is clinically silent but can be documented with liver 
enzyme studies; approximately 10% become jaundiced. Splenomegaly 
is present in more than 50% of patients and, in rare cases, progresses 
to splenic rupture. A small number of patients also have parapharyn- 
geal and tonsillar lymphoid hyperplasia, which causes difficulty swal- 
lowing or breathing and can produce significant problems, leading to 
dehydration or airway obstruction. Small children with EBV infection 
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FIGURE 36.7 Suppurative lymphadenitis in a 5-year-old female with 
neck swelling and redness. Contrast-enhanced computed tomography 
image reveals a group of enlarged nodes in the right posterior triangle 
with central hypoattenuating necrosis (arrow). Also, note the enlarged 
tonsils (T) in this child with recurrent tonsillitis. (From Lowe LH, Smith 
CJ. Infection and inflammation. In: Coley BD, ed. Caffey’s Pediatric 
Diagnostic Imaging. 12th ed. Philadelphia: Elsevier; 2013;1:139.) 


often present with atypical symptoms or may be completely asymp- 
tomatic. In these children, fever and mild cervical adenopathy may be 
the major symptoms on presentation, or the child may be significantly 
ill with high fever and pharyngitis. In some, a nonspecific rash, appear- 
ing often after beginning empiric antibiotic therapy with penicillins, 
will suggest the diagnosis. Young children with acute EBV infection are 
more likely to have hepatosplenomegaly, rash, and eyelid edema than 
are young adults. 

The diagnosis of EBV infection in older children focuses on the 
characteristic clinical syndrome and a relative lymphocytosis of 
40-50% seen in the differential white blood cell count, with up to 
10-20% atypical lymphocytes. Heterophile immunoglobulin M (IgM) 
antibodies, which are non-EBV directed and agglutinate sheep and 
horse red blood cells, are found in more than 80% of young adults 
with EBV and are at maximal titer 3-4 weeks after infection. Hetero- 
phile antibodies are rarely found in children younger than 5 years with 
EBV infections. In young children, antibody titers directed to specific 
EBV antigens are necessary to confirm the diagnosis (Table 36.5). IgM 
antibodies against viral capsid antigen (VCA) followed by immuno- 
globulin G (IgG) directed to VCA and early antigens (EAs) are the most 
common antibody profile. Antibodies to nuclear antigens develop 


% of patients with physical signs 


Jaundice 


7 14 21 28 
Day of illness 


FIGURE 36.8 The clinical course of acute Epstein-Barr mononucleosis. 
Adenopathy occurs early in the infection and can persist for weeks. 
(Modified from Rapp CE, Hewston JF. Infectious mononucleosis and 
the Epstein-Barr virus. Am J Dis Child. 1978;132:78.) 


TABLE 36.5 Frequently Determined EBV-Specific Antibodies 


Antibody Specificity Positive in IM (%) 


Viral Capsid Antigen 
VCA-IgM 100 


VCA-IgG 100 


Early Antigen 
Anti-Diffuse 70 


Anti-Restricted 


EBNA 3—4 wk after onset 


Time of Appearance in IM 


At clinical presentation 


At clinical presentation 


Peaks 3—4 wk after onset 


2 wk to several months after onset 


Persistence Comments 


4—8 wk Highly sensitive and specific; of major 
diagnostic utility 


Lifelong Useful for documentation of past EBV infection 


3—6 mo 


Correlates with disease severity; seen in 
NPC patients 

Occasionally seen with unusually severe cases; 
seen in African Burkitt lymphoma patients 


2 mo to >3 yr 


Lifelong Presence excludes primary EBV infection 


EBNA, EBV nuclear antigen; EBV, Epstein-Barr virus; IM, infectious mononucleosis; NPC, nasopharyngeal carcinoma; VCA, viral capsid antigen. 
Modified from Schooley RT. Epstein-Barr virus (infectious mononucleosis). In: Mandell GL, et al., eds. Principles and Practice of Infectious 


Diseases. Philadelphia: Churchill Livingstone; 2010. 
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weeks later and, if present with EA IgG, are indicative of infection in 
the recent past. Approximately 20% of children present after the VCA 
IgM has already declined. In these children, VCA and EA IgG are 
present. 

Organ transplant and other immunosuppressed patients may 
develop a lymphoproliferative syndrome due to EBV that presents 
with generalized lymphadenopathy, hepatosplenomegaly, and fever. 
Diagnosis is based on the EBV viral load determined by PCR on blood. 

Because group A streptococcal infection can present in a similar 
manner, or be present simultaneously with EBV infection, and because 
other viruses can cause pharyngitis and tender, enlarged cervical lymph 
nodes, differentiating these various causes of pharyngitis and lymph- 
adenopathy is important. Acute streptococcal pharyngitis improves 
after institution of penicillin therapy; EBV infections do not, and they 
also have a more prolonged clinical course. In addition, severe malaise 
and splenomegaly do not occur with most bacterial or viral causes of 
pharyngitis and cervical lymphadenopathy. These findings prompt the 
clinician to consider EBV infection. Similarly, most viral causes of 
cervical adenopathy and pharyngitis, with the exception of CMV, are 
not associated with the brisk atypical lymphocytosis commonly seen 
with EBV infections, and they are not usually associated with abnormal 
liver function results. 

Cytomegalovirus infection. Infection with CMV in children can be 
associated with a mononucleosis-like syndrome and lymphadenopa- 
thy. CMV mononucleosis is associated with fever and malaise similar 
to that seen in EBV; however, in contrast to EBV, CMV mononucleosis 
does not usually cause severe, exudative tonsillopharyngitis or the pro- 
duction of heterophile-specific or EBV-specific antibodies. CMV 
mononucleosis can be associated with an atypical lymphocytosis and 
diffuse lymphadenopathy in the immunocompetent host. Women who 
are pregnant when they have primary CMV infections are at risk of 
delivering a child with congenital CMV infection through transplacen- 
tal infection; approximately 10% of these neonates will have severe 
systemic findings. Lymphadenopathy may be present in congenital 
CMV but is not a common finding. Intrapartum transmission via 
cervical secretions or postpartum transmission via breast milk typi- 
cally does not result in clinically apparent infection. Identifying CMV 
in the urine of the neonate in the 1st week of life confirms congenital 
infection. 

The diagnosis in older children is usually made serologically, in tests 
measuring both IgM and IgG antibodies directed to CMV. Viral culture 
and nucleic acid amplification assays can also identify CMV from 
blood, throat swab, and urine specimens. Although CMV culture 
(especially from the urine) is frequently positive in children with CMV 
infection, many children, especially those in daycare, are silently 
infected and excrete CMV in absence of clinical signs and symptoms. 
Therefore, CMV culture is less useful in the toddler age group. 

Cat-scratch disease. Cat-scratch disease is caused by a small 
gram-negative bacillus, B. henselae, which can also cause bacillary 
angiomatosis in patients with HIV infection. Cat-scratch disease 
occurs several days after the scratch or bite of an infected cat or kitten. 
A papule at the site of the trauma usually develops, followed 1-3 weeks 
later by regional lymphadenopathy; there is no lymphangitis. Most 
patients with cat-scratch disease have a single enlarged, usually non- 
suppurative lymph node. Nodes may be tender, particularly in the 
10-30% that suppurate. Axillary nodes are the most common to be 
enlarged, likely secondary to the upper extremities being the part of 
the body most frequently scratched or bitten. The next most common 
sites for adenopathy are the neck and jaw, followed by the inguinal 
region. Although single nodes are most commonly affected, regional 
adenopathy may also occur. Generalized lymphadenopathy is unusual 
in the immunocompetent host. 


Approximately half the patients have low-grade fever and malaise, 
but a small number have high fevers (>39.5°C) and more severe sys- 
temic symptoms. In most patients, the swollen, inflamed nodes regress 
spontaneously within several weeks; approximately 10-30% progress 
to have purulent fluid drainage that is culture-negative by standard 
techniques. Uncommon complications include a spontaneously resolv- 
ing encephalopathy, erythema nodosum, oculoglandular syndrome of 
Parinaud (in which B. henselae is inoculated into the eye and causes 
conjunctivitis and preauricular adenopathy), thrombocytopenia, hep- 
atitis or splenitis with granulomas, transverse myelitis, and in rare cases 
osteolytic bone lesions. Other causes of oculoglandular syndrome 
include tularemia, adenoviruses, and enteroviruses. 

The diagnosis is based on the history of contact with kittens or cats 
and the classic clinical manifestations, including a careful search for an 
entrance site papule. Confirmatory testing is difficult, as B. henselae is 
a fastidious organism and is difficult to isolate via conventional culture 
techniques. Acute and convalescent antibody titers are typically 
employed, though the clinician should exercise caution in interpreta- 
tion given the high rate of seroprevalence in the general population 
and the potential for cross-reactivity with other infections. Pathologic 
samples of tissue from the involved node may provide further evidence 
if they demonstrate granulomas, central necrosis, and organisms on 
Warthin-Starry silver stain. The decision to perform a biopsy is usually 
reached when there is no clear history of a preceding contact with a 
cat or kitten, or when the presentation is atypical and cannot be dif- 
ferentiated from other, more serious illness, such as mycobacterial 
adenitis. 

Chronic granulomatous disease. Chronic granulomatous disease 
(see Chapter 41) comprises a group of rare inherited disorders of 
neutrophil function, characterized by recurrent pyogenic infections 
that are often accompanied by lymphadenopathy and/or abscess for- 
mation. Most cases are inherited in an X-linked manner; 30% are 
autosomal recessive. Chronic granulomatous disease should be consid- 
ered in a young child (often a boy) who presents with recurrent fevers 
and infection, pneumonia, adenopathy, and abdominal pain. Family 
history often reveals another relative with the disease or recalls a death 
from an infection in a young child. Common pathogens contain cata- 
lase and include S. aureus and Aspergillus species. 

The diagnosis is made by performing neutrophil function tests, 
such as dihydrorhodamine or nitroblue tetrazolium testing, which 
demonstrate the defective neutrophil oxidation. Positive findings on 
neutrophil function tests are confirmed via immunoblot or genetic 
assays. 

Human immunodeficiency virus. Initial infection with HIV may 
manifest as a heterophile-negative mononucleosis-like syndrome that 
is an acute retroviral syndrome consisting of diffuse lymphadenopathy, 
fever, sore throat, rash, myalgias, diarrhea, leukopenia, thrombocyto- 
penia, and general malaise. Many patients with HIV infection go on to 
have weight loss or poor weight gain and a history of thrush and 
opportunistic infections, such as pneumonia caused by Pneumocystis 
jirovecii. HIV-infected children are also more likely than immunocom- 
petent hosts to have other infectious causes of lymphadenopathy, such 
as tuberculosis, atypical mycobacterium, CMV, fungi, or noninfectious 
causes, such as lymphoma or Kaposi sarcoma (human herpesvirus type 
8 [HHV-8]). Regional lymphadenopathy is not a common manifesta- 
tion of HIV infections unless the regional adenopathy represents a 
distinct focal infection. HIV infection is typically established via a 
rapid antibody assay that if positive is confirmed via Western blot; the 
early, acute, retroviral syndrome is diagnosed by viral RNA or DNA 
load because antibodies may not be present with early infection. 

Mycobacterial infections. Tubercular cervical adenitis is not 
common in the United States, though can be associated with ingestion 
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of raw, contaminated milk and infection with M. bovis. Regional or 
diffuse lymphadenopathy caused by infection with M. tuberculosis 1s 
also unusual in developed countries; it is increasing in frequency in 
children in the United States as a result of an increase in the number 
of adults actively infected with tuberculosis. This increase is attribut- 
able to several issues, including immigration from endemic areas, 
reduction in tuberculosis control programs, the likelihood of HIV- 
infected individuals to have a high mycobacterial burden, noncompli- 
ance by infected individuals with multidrug treatment regimens, and 
drug resistance by the organism. Most adenitis caused by mycobacteria 
in the United States is caused by atypical strains that are not serious 
pathogens in the immunocompetent host. 

Several historical and clinical criteria can be used to differentiate 
tuberculous adenitis from atypical mycobacterial infections. Most chil- 
dren with tuberculosis have a history of exposure to an adult with 
active tuberculosis. Infection with atypical mycobacteria is more 
common in the southern parts of the United States. Children with 
tuberculous adenitis may have hilar lymphadenopathy because the 
lungs are usually the source of primary infection. Evidence of extra- 
lymphatic disease is also common in children with tuberculosis; such 
disease includes pneumonia, pleural effusions, bone marrow suppres- 
sion, liver function abnormalities, and miliary disease. Disseminated 
(miliary) tuberculosis may manifest with diffuse lymphadenopathy 
and should be considered if pulmonary infiltrates and systemic symp- 
toms are present. Such extralymphatic disease and diffuse lymphade- 
nopathy are rare in immunocompetent children with adenitis caused 
by atypical mycobacteria but may occur in the setting of HIV 
infection. 

The most common mycobacterial infection in children in the 
United States is the infection of the lymph nodes with the atypical 
mycobacteria, primarily M. avium-intracellulare complex, M. kansasi1, 
M. scrofulaceum, and M. marinum. The lymph nodes involved are 
usually tender, unilateral and cervical in most infections, presumably 
because the organism enters via the oropharynx. Most frequently, 
a previously healthy child presents with a mass that is really uni- 
lateral lymphadenitis or adenopathy in the cervical, submandibular, 
or submaxillary region (Fig. 36.9). Although fever may be present, 
other significant systemic symptoms are usually not present. In a 
small number of patients, the affected node spontaneously ruptures 
and drains before the visit to the physician. The drainage is not 
usually grossly purulent and may be a clue that atypical mycobacteria 
are the cause of the infected node. Regional adenopathy may also 
be seen after immunization with bacille Calmette-Guérin (BCG) 
vaccine. 

The gold standard for diagnosis of lymphadenitis caused by atypi- 
cal mycobacteria is acid-fast staining and culture of the excised node. 
Incision and drainage or needle aspiration of these nodes may lead to 
chronically draining sinus tracts, which may leave scars; thus, this 
method is contraindicated. Fine-needle aspiration may be beneficial. 
The usual scenario involves a young, preschool-aged child with an 
enlarged cervical node that responds poorly to antibiotics. The child 
has no history of contact with cats and is otherwise well. A tuberculin 
skin test often yields 5-9 mm of induration because atypical mycobac- 
teria have antigens cross-reactive to those of tuberculosis. This amount 
of induration is considered indeterminate for tuberculosis in low-risk 
patients and suggests that the adenopathy is caused by an atypical 
mycobacterium. Skin tests with antigens from the various atypical 
mycobacteria are very sensitive and specific for infection; however, 
these antigens are not consistently available. In rare cases, infection 
with atypical mycobacteria yields skin test results in the positive range 
of more than 15-mm induration, which mandates a more extensive 
work-up that focuses on the possibility that the adenitis is caused by 


FIGURE 36.9 Nontuberculous mycobacterial infection in a 10-year-old 
male with left neck swelling. Axial contrast-enhanced computed tomog- 
raphy image shows a cluster of enlarged nodes in the left neck contain- 
ing low-attenuation necrotic centers (arrow). (From Lowe LH, Smith CJ. 
Infection and inflammation. In: Coley BD, ed. Caffey’s Pediatric Diag- 
nostic Imaging. 12th ed. Philadelphia: Elsevier; 2013;1:139.) 


M. tuberculosis infection. Interferon gamma release assays will be 
positive for M. tuberculosis, M. bovis, and some atypical mycobacte- 
rium (M. marinum, M. kansasii) but will be negative for BCG and 
infection with M. avium complex. Gradual resolution of lymphadenitis 
sometimes occurs in children with atypical mycobacterial infections. 
Excisional biopsy is not necessary if the diagnosis is made presump- 
tively from skin test results of less than 10-mm induration, if other 
infections are ruled out, if resolution occurs, and if the child is at low 
risk for infection with M. tuberculosis (see Chapter 2). If the node does 
not improve, continues to enlarge, or spontaneously drains, excision is 
recommended and is usually curative. Fine-needle aspiration (for 
culture and acid-fast staining) may also be used, if the node is in an 
area where excision is impractical. 

Toxoplasmosis. T. gondii is a protozoan organism that is a parasite 
of cats. Many other animals, including humans, can be incidentally and 
chronically infected hosts in which the parasite cannot complete its life 
cycle. Human acquisition of toxoplasmosis can result from contact 
with cat feces or soil that contains oocysts, which infect the host upon 
ingestion. Alternatively, the ingestion of raw or undercooked meat 
containing tissue cysts, particularly lamb or pork, may lead to infec- 
tion. Adults in the United States are more likely to be infected from 
ingestion of raw meat than from contact with oocysts in cat feces or 
soil. Finally, infection can be transmitted to the fetus, especially when 
a pregnant woman is acutely infected with toxoplasmosis. Although 
many fetal infections are asymptomatic, transplacental infection with 
toxoplasmosis can result in severe neurologic damage, chorioretinitis, 
aseptic meningitis, and significant systemic illness manifesting with the 
classic triad of hepatosplenomegaly, intracranial calcifications, and 
hydrocephalus. Although lymphadenopathy can occur in the newborn 
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with congenital toxoplasmosis, it is a more common symptom of acute 
toxoplasmosis in older children and young adults. 

The most common symptoms in children who acquire toxoplas- 
mosis are lymphadenopathy, fever, malaise, myalgia, and pharyngitis. 
The most commonly affected nodes include the anterior and posterior 
cervical and axillary, which may be tender; involvement is usually 
bilateral. The lymph node enlargement seen in toxoplasmosis is caused 
by reticular hyperplasia and inflammation. Most laboratory results are 
normal, but the white blood cell count may show an absolute lympho- 
cytosis with atypical lymphocytes, which can cause confusion with 
EBV, HIV, or CMV mononucleosis. 

The diagnosis is made primarily with serologic studies. Various 
diagnostic techniques can be used on the patient’s serum, including 
indirect immunofluorescence, complement fixation, and enzyme- 
linked immunosorbent assay. A 4-fold rise in IgG titer or the presence 
of IgM antibodies is diagnostic. In neonatal infections, tests measuring 
IgM have become more sensitive and specific. If biopsy is performed, 
actual parasite forms can sometimes be demonstrated. Antigen tests 
and cultures that grow the parasite are also available but primarily on 
an investigational level. 

Syphilis. Syphilis, caused by the spirochete Treponema pallidum, is 
common in the United States (see Chapter 18). The natural course of 
noncongenital syphilis includes 3 major clinical manifestations: 

e Primary syphilis, in which the individual develops a painless 
chancre at the site of inoculation 

° Secondary syphilis, in which the organism disseminates hematog- 
enously to many organs 

° Tertiary syphilis, in which gummatous lesions develop in end 
organs, such as the brain, heart, and bones 

Lymphadenopathy can be seen as 1 of the manifestations of syphilis 
in several situations. In primary syphilis, in which the inoculation site 
is usually the genital area, regional lymphadenopathy with painless, 
firm nodes occurs at the time that a chancre is observed. Thus, inguinal 
adenopathy in an adolescent who is sexually active mandates further 
examination and work-up for sexually transmitted infections such as 
syphilis. In secondary syphilis, the organism has disseminated, causing 
multiple organs to be involved. The classic manifestations are protean 
and usually include nonvesicular rashes. Lymphadenopathy, regional 
or generalized, is common and often includes epitrochlear nodes. Sys- 
temic symptoms may include fever, malaise, anorexia, and weight loss. 
Syphilis therefore should be at the top of the differential diagnosis in 
sexually active adolescents with rash and lymphadenopathy. 

Pregnant women with syphilis who are untreated readily transmit 
the disease to the fetus, causing congenital syphilis, often with signifi- 
cant sequelae. Infants with congenital syphilis may also have general- 
ized lymphadenopathy, although this finding is less common than 
other systemic symptoms, such as hepatosplenomegaly, snuffles, and 
periosteal reactive disease. 

The diagnosis has been complicated by the inability to grow the 
organism in vitro. Dark-field examination of tissue from chancres or 
mucous lesions shows numerous spirochetes, but dark-field methods 
are often unavailable to routine laboratories. Serologic study continues 
to be the primary mode of diagnosis. Nontreponemal serologic studies 
rely on host production of antibodies to nonspecific lipoidal host tissue 
antigens that arise as a result of infection with the spirochete. These 
tests include the Venereal Disease Research Laboratory (VDRL) test, 
the serologic test for syphilis, and the rapid plasma reagin (RPR) test. 
Levels of these antibodies decline after adequate treatment and are 
useful in confirming eradication of the infection. False-positive reac- 
tions can occur, particularly in individuals with connective tissue dis- 
orders or mononucleosis. In contrast, the fluorescent treponemal 
antibody absorption test (FTA-ABS) measures antibodies directed 


specifically to T. pallidum and can be used as a confirmatory test in 
individuals with positive results on screening tests. These antibodies 
usually remain present for the life of the infected individual, even if 
the patient receives adequate therapy. Thus, in contrast to the VDRL 
test, the FTA-ABS has little use in monitoring the efficacy of 
treatment. 

Acute leukemia, lymphoma, and other malignancies. Lymphade- 
nopathy is frequently among the presenting findings in patients with 
leukemia or lymphoma. Enlarged lymph nodes may be noted in an 
isolated, regional, or generalized distribution, with or without classic 
systemic symptoms, such as fever, malaise, night sweats, weight loss, 
and anorexia. Malignant nodes are usually firm, rubbery, fixed, and 
nontender, and may be matted. Unlike many of the acute lymphade- 
nopathies caused by infectious agents, most lymph nodes that are 
malignant increase in size gradually. Additional findings suggestive of 
malignancy include age >10 years, size >2.5 cm, duration >6 weeks 
(and increasing in size), and supraclavicular location. 

Approximately 50% of children with acute lymphoblastic leuke- 
mia have adenopathy at the time of diagnosis. Nodal disease may be 
either generalized or localized to regional nodal groups, often the 
cervical chains. Nodal disease is frequently accompanied by other signs 
and symptoms, including fevers, malaise, weight loss, pallor, bone pain, 
petechiae and bruising, splenomegaly, or hepatomegaly. The complete 
blood count usually demonstrates anemia, thrombocytopenia, leuko- 
cytosis or leukopenia, circulating blasts, or some combination thereof. 
Some patients may have normal peripheral blood laboratory results on 
initial evaluation. Acute myelogenous leukemia is less common in chil- 
dren but may manifest in a similar manner. Bone marrow biopsy and 
aspiration must be performed, and the findings are diagnostic. 

Non-Hodgkin lymphoma is a relatively common childhood malig- 
nancy and often manifests with mediastinal or pleural disease. Ade- 
nopathy in the supraclavicular, cervical, or axillary regions is usually 
present and may occur in the absence of chest involvement. Systemic 
symptoms are variable at the time of diagnosis. Lymph nodes, as with 
other malignancies, tend to be firm, nontender, and rubbery. Their size 
may increase relatively rapidly over several weeks. Because lympho- 
blastic lymphoma may represent a variant of acute lymphoblastic leu- 
kemia, the signs and symptoms of leukemia and lymphoma may 
merge. Non-Hodgkin lymphoma of B cell origin (Burkitt and non- 
Burkitt lymphoma) in children in the United States usually originates 
in an intraabdominal site, and regional adenopathy, if present, is then 
in the inguinal or iliac regions. The African variety of Burkitt lym- 
phoma often manifests as an expanding jaw mass. 

Hodgkin disease often manifests with painless cervical or supra- 
clavicular lymphadenopathy in older school-aged children and adoles- 
cents. Nodes are firmer than those seen in patients whose nodes are 
enlarged in reaction to infections. In a small number of children with 
Hodgkin disease, the size of the nodes may wax and wane for several 
months before a definitive diagnosis is made. Supraclavicular nodes 
usually indicate intrathoracic disease, which is present in 60-70% of 
patients at the time of diagnosis. Axillary or inguinal nodes may also 
be the sites of presenting lymphadenopathy. Approximately 30% of 
patients with Hodgkin disease have systemic symptoms at presenta- 
tion, including fatigue, weight loss, fevers, night sweats, and poor appe- 
tite. Some patients with Hodgkin disease also have unusual symptoms, 
such as pruritus, hemolytic anemia, and chest pain after alcohol inges- 
tion. Such systemic symptoms with lymphadenopathy are red flags for 
immediate work-up for malignancy. Diagnosis is confirmed by biopsy 
of involved nodes and/or bone marrow aspiration, if the tumor has 
spread to the bone marrow. 

Disseminated neuroblastoma may manifest as diffuse adenopathy 
in younger children. Such children often have primary adrenal or 
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TABLE 36.6 Ulceroglandular Disorders 


Anthrax 

Tularemia 

Herpes simplex 

Pasturella multocida (dog or cat bite) 
Rickettsialpox 

Tick-borne lymphadenopathy syndrome 
Mediterranean spotted fever 

African tick bite fever 

Typhus 

Cat-scratch disease 

BCG immunization 

Spirillary rate-bite fever 

Plague 

Nocardiosis 

Cutaneous diphtheria 

Cutaneous coccidioidomycosis 
Cutaneous histoplasmosis 
Cutaneous leishmaniasis 

Monkeypox 


BCG, bacille Calmette-Guérin. 


paraspinal masses with bone metastasis and have nonspecific systemic 
symptoms, abdominal mass, bone pain, and sometimes, symptoms of 
spinal cord compression. Other tumors, such as rhabdomyosarcoma 
and thyroid cancer, manifest in rare cases with lymphadenopathy 
caused by local or disseminated metastasis. 

Ulceroglandular disorders. Ulceroglandular (lymphocutaneous) 
disorders usually involve an initial injury or bite to an extremity with 
a resulting cutaneous lesion (ulcer, eschar, papule) and enlarged 
regional nodes, with or without lymphangitis (Table 36.6). In some, 
the cutaneous lesion is secondary to hematogenous spread; in these 
circumstances the lymph node enlargement may then be generalized 
(monkeypox). 

Kimura disease. Asymptomatic, unilateral, chronic, cervical 
lymphadenopathy in Asian boys is suspect for Kimura disease. This 
benign condition is characterized by peripheral eosinophilia and ele- 
vated immunoglobulin E levels. Biopsies should be performed to rule 
out malignancy. Histologic specimens show a massive eosinophilic 
infiltration of the nodal architecture. This benign condition necessi- 
tates no therapy unless the adenopathy creates functional disability. 

Kikuchi-Fujimoto disease (histiocytic necrotizing lymphadeni- 
tis). Kikuchi-Fujimoto disease (KFD) is a rare, usually self-limiting 


disease that was originally reported in patients of Asian heritage. Cases 
are now described in all ethnic groups. KFD occurs in children 11-16 
years of age usually as firm unilateral posterior cervical adenitis, fever 
(30-50%), malaise, elevated erythrocyte sedimentation rate, atypical 
lymphocytosis, and leukopenia. Nodes range in size from 1-3 cm, are 
painful or tender in only 50% of cases, may be multiple, and must be 
differentiated from lymphoma. Node involvement may occasionally be 
bilateral or present in axillary or supraclavicular regions. 

The etiology is unknown, but evidence supports an abnormal 
immune response; the diagnosis is made by lymph node biopsy. 
Histologic features include necrosis with karyorrhexis, a histiocytic 
infiltrate, crescentic plasmacytoid monocytes, and an absence of neu- 
trophils. The disease is self-limiting and usually spontaneously resolves 
within 6 months, although relapses may occur. Therapy with systemic 
steroids is reserved for cases with severe symptoms. Many autoimmune 
diseases have been associated with Kikuchi-Fujimoto disease, most 
commonly systemic lupus erythematosus. 

Sinus histiocytosis with massive lymphadenopathy (Rosai- 
Dorfman disease). This usually self-limited disease is most common 
in Africa and the Caribbean. Patients have massive bilateral painless 
and mobile cervical lymphadenopathy with associated fever, leukocy- 
tosis, and elevated erythrocyte sedimentation rate; polyclonal elevation 
of IgG may be present. Night sweats and weight loss are common. 
Autoimmune hemolytic anemia is an uncommon associated finding. 

Other nodal chains may be involved; extranodal involvement 
occurs in 40% of cases. The most common sites are the skin, followed 
by the nasal cavity and sinuses, palate, orbit, bone, and central nervous 
system. Histology demonstrates pale histiocytes containing engulfed 
lymphocytes, and immunoreactivity to S100 protein in large histio- 
cytes, in conjunction with expected clinical features, is diagnostic. 

Castleman disease. Castleman disease is an uncommon lympho- 
proliferative disease that is also called angiofollicular lymph node hyper- 
plasia. There is an association with human herpesvirus 8, which is 
thought to stimulate excessive production of interleukin 6 (IL-6). The 
disease is usually seen in adolescents or young adults. Enlargement of 
a single node, most often in the mediastinum or abdomen, is the most 
common localized presentation. Some patients may have fever, night 
sweats, weight loss, and fatigue. Management includes surgery and/or 
radiation therapy. 

Multicentric Castleman disease is a systemic lymphoproliferative 
disorder that causes lymphadenopathy, hepatosplenomegaly, fever, 
anemia, overexpression of IL-6, and polyclonal hypergammaglobu- 
linemia. Multicentric Castleman disease may be associated with HIV 
infection and autoimmune disease—associated lymphadenopathy. 


Lymphadenopathy is a common manifestation of many childhood 
illnesses. Most often, regional adenopathy is associated with a bacterial 
infection in the vicinity of the node or with a viral pharyngitis. Gen- 
eralized adenopathy does not always indicate a serious underlying 
disease. Adenopathy usually resolves either spontaneously or after 
appropriate antibiotic therapy. When adenopathy is accompanied by 
weight loss, recurrent fevers, night sweats, or other systemic signs or 
symptoms, a more serious cause must be vigorously sought. The pres- 
ence of supraclavicular nodes is usually a red flag for serious illness. 
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Adenopathy associated with hepatomegaly, splenomegaly, or an 
abdominal mass must be quickly investigated. Furthermore, if the 
adenopathy does not diminish or resolve after antibiotic therapy or 
after 3 weeks, a more thorough evaluation is necessary. In children with 
known immunodeficiency, the cause of the adenopathy may be far 
more serious. These children are more prone to opportunistic infec- 
tions; malignancies also occur at a higher frequency in immunosup- 
pressed children than in the general population. 
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INTRODUCTION 


Pallor, a perceptible reduction in the usual color and tone of the skin 
and/or mucosa, may result from alterations of cutaneous blood flow, 
anemia, or unknown mechanisms. Under normal circumstances the 
pink appearance of the lips, mucosa, and skin is influenced by the 
nature and character of these tissues, the adequacy of vascular perfu- 
sion, and the level of hemoglobin. Pallor is a highly nonspecific finding 
that may be a manifestation of a diversity of diseases or it may be 
normal for a given individual. Parental perception of pallor frequently 
generates considerable anxiety. Although pallor is most often intui- 
tively associated with anemia by families and physicians, a broad diag- 
nostic perspective is appropriate (Table 37.1). Anemia is the condition 
in which hemoglobin level (or hematocrit) is more than 2 standard 
deviations below the mean for age. Anemia is clinically relevant only 
when the low hemoglobin level results in decreased oxygen-carrying 
capacity of the blood. By definition, 2.5% of the general population 
has a hemoglobin or hematocrit level below the defined limits of 
normal. This fact must be kept in mind when evaluating children with 
mild anemia for which no explanation can be identified. Hemoglobin 
level varies considerably with age and sex (Table 37.2). Newborns have 
relatively high levels of circulating hemoglobin due to intrauterine 
adaptation to a relatively hypoxic environment. During the Ist 2 
months of life, hemoglobin production markedly diminishes and a 
physiologic nadir occurs. The mean hemoglobin level rises gradually 
during childhood equally for both boys and girls until puberty when 
boys achieve a level approximately 20% higher than that of girls. 
Anemia occurs as the result of 1 or a combination of 3 pathophysio- 
logic mechanisms: 

° Acute blood loss 

° Impaired bone marrow production of red blood cells (RBCs) 

° Increased peripheral destruction of RBCs (hemolysis) 

Under normal conditions, the body’s RBC mass is maintained at a 
level appropriate to support tissue oxygen needs through the oxygen- 
sensing regulatory feedback stimulus of the hormone erythropoietin. 
Produced in the kidney, erythropoietin stimulates the production of 
mature RBCs within the bone marrow. Over a 3- to 5-day period, RBC 
precursors mature into reticulocytes that are released into the periph- 
eral blood. In 24-48 hours, reticulocytes become mature RBCs that 
circulate in the peripheral blood for approximately 120 days. Senescent 
RBCs are removed from the circulation by reticuloendothelial cells 
within the spleen, liver, and bone marrow. A metabolic by-product of 
hemoglobin catabolism is bilirubin. 


$ History 

There are several important aspects of the history that can assist in the 
evaluation of a patient with pallor and suspected anemia. A child with 
pallor is not necessarily anemic. Assessment of sun exposure and 
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familial patterns of complexion are crucial because many patients are 
intrinsically pale. A careful evaluation of the medical history is funda- 
mental in the assessment of a patient with suspected pallor (Table 
Jb j): 

Obtaining a dietary history is very important when evaluating a 
patient for anemia. Infants delivered prematurely or exclusively breast- 
fed infants without adequate iron supplementation from infant foods 
in the 2nd half of their 1st year of life are at risk for iron or iron defi- 
ciency anemia. Toddlers who consume large amounts of cow’s milk 
and children and adolescents who consume little meat are also at risk 
for iron deficiency anemia. In addition, patients and breast-fed infants 
of mothers who follow a strict vegan diet may become deficient in 
vitamin B... 

A neonatal history of hyperbilirubinemia supports a possible diag- 
nosis of congenital hemolytic anemia such as hereditary spherocytosis. 
This can be further supported by a family history of anemia, blood 
transfusions, splenectomy, and/or cholecystectomy. 

Medication history is pertinent because certain drugs, including 
antimalarial agents and sulfonamide antibiotics, can induce oxidant- 
associated hemolysis in the patient deficient in glucose-6-phosphate 
dehydrogenase (G6PD), whereas other medications may cause immune 
hemolysis (penicillin) or decreased RBC production (chlorampheni- 
col). Travel history may suggest exposure to infections such as malaria. 


$ Physical Examination 


The general appearance of the child can provide clues to the severity 
and chronicity of the problem. Severe anemia that develops slowly 
over weeks or months is often well tolerated. Vital signs (including 
orthostatic blood pressure), height, weight, and growth offer further 
insight into the severity of the problem. Isolated pallor in a well- 
appearing child who does not have evidence of systemic disease is 
usually much less ominous than pallor noted in a child who is ill- 
appearing, has bruising, petechiae, lymphadenopathy, hepatospleno- 
megaly, or abdominal mass. Pallor at any site increases the likelihood 
of anemia; pallor of the face, nail beds, tongue, palms and palmar 
creases as well as conjunctival pallor enhance the likelihood of anemia. 
Conjunctival rim pallor when compared to the usually more fleshlike 
pallor of the deeper posterior region of the palpebral conjunctiva is 
highly specific in adult patients with anemia. Table 37.4 outlines phys- 
ical examination findings that may provide clues to the underlying 
cause of the anemia. 

Prominent cheekbones, dental malocclusion, and frontal bossing 
may occur in patients with chronic hemolytic anemias (i.e., thalasse- 
mia major) because of the expansion of bone marrow space. Tortuosity 
of conjunctival vessels occurs in sickle cell disease. Splenomegaly is 
often present in children with congenital hemolytic anemia. Lymph- 
adenopathy and hepatosplenomegaly may indicate the presence of 
infiltrative disease of the bone marrow and visceral organs such as 
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leukemia. Purpura in the anemic child is suggestive of associated 
thrombocytopenia that may accompany aplastic anemia or leukemia. 

Many congenital anomalies and/or dysmorphic features have been 
associated with hematologic syndromes. Patients with Fanconi anemia 


TABLE 37.1 


Causes of Pallor in Children 


Based on Etiologic Mechanism 


Anemia 

Decreased Tendency of the Skin to Pigment 
A. Physiologic (fair-skinned individuals) 

B. Limited sun exposure 


. Alteration of the Consistency of the Subcutaneous Tissue 


A. Edematous states, increased intravascular hydrostatic pressure 
(e.g., congestive heart failure), decreased intravascular oncotic 


pressure (hypoproteinemia), increased vascular permeability [e.g., 


vasculitis) 
B. Hypothyroidism 


. Decreased Perfusion of the Cutaneous/Mucosal Vasculature 


From 
Philad 


A. Hypotension, cardiogenic shock (pump failure or rhythm 


disturbance), hypovolemia (blood loss, dehydration), anaphylaxis, 


sepsis, acute adrenal insufficiency, vasovagal syncope 

. Vasoconstriction, increased sympathetic activity (hypoglycemia, 
pheochromocytoma), neurologic complications (head trauma, 
seizures, migraine) 

Chronic Medical Conditions 

. Malignant disease 

. Atopy 

. Chronic inflammatory disease, juvenile idiopathic arthritis, 
inflammatory bowel disease 

. Cardiopulmonary disease (including cystic fibrosis) 

. Diabetes mellitus 

. Congenital and acquired immunodeficiencies 


Reece RM. Manual of Emergency Pediatrics. 4th ed. 
elohia: WB Saunders; 1992. 


are often short, have hyperpigmentation, hypoplastic “finger-like” 
thumbs, radial bone anomalies, and structural renal abnormalities. 
Patients with Diamond-Blackfan anemia are often short and have a 
“curious, intellectual” facial expression. 

When pallor and anemia are seen in the context of other signs that 
suggest chronic inflammation, infection or systemic disease, a diligent 
general physical examination may yield substantive information. 
Hypertension and short stature may suggest chronic renal disease. 
Joint swelling and/or pain may suggest rheumatologic disorders. 
Digital clubbing may suggest advanced cyanotic cardiopulmonary dis- 
eases. Abdominal pain, diarrhea, and poor growth may suggest inflam- 
matory bowel disease. 

Recent onset of pallor is suggestive of anemia. The child who has 
always appeared somewhat pale but is otherwise well with normal 
growth and development likely has an intrinsic constitutional charac- 
teristic. In such instances, the child and other family members often 
have light hair and skin complexion. An unremarkable general medical 
history and physical examination support a physiologic explanation 
for pallor. Some children may appear pale as a result of limited sun 
exposure as might occur during the winter in cooler climates. 

Children with malignant disease or chronic illness (e.g., rheumato- 
logic disorders, inflammatory bowel disease, chronic cardiopulmonary 
disorders, diabetes) may have a pale appearance that is unrelated or 
out of proportion to the degree of associated anemia. Atopic children 
often have distinctly pale mucosa as a result of local edema. Children 
with generalized edema caused by hypoproteinemia, congestive heart 
failure, or vasculitis often appear pale as a result of excess interstitial 
fluid within the mucosal or cutaneous tissues. Patients with hypothy- 
roidism are pale because of myxedematous changes in the skin, sub- 
cutaneous tissue, and mucosa. 


® Laboratory Evaluation 


The initial laboratory test in a child with pallor should be a complete 
blood cell count (CBC) including a manual white blood cell (WBC) 
differential. Significant pallor from anemia usually does not occur until 
the hemoglobin level falls below 8 g/dL. “False anemia” (resulting from 
laboratory error, sampling difficulty, or “statistical anemia”) should be 


TABLE 37.2 Values (Normal Mean and Lower Limits of Normal) for Hemoglobin, Hematocrit, 
and MCV Determination 


Age (yr) 
0.5-1.9 


2—4 
iy) 
3-11 
a1 


Female 
Male 


=I 


Female 
Male 


HEMOGLOBIN (g/dL) 
Mean 
125 
5 
10 
B5 


Lower Limit 
eo 
110 
WES 
120 
4 
135 
14.0 


20) 
125 
/ 

14.0 
50 


20 
13.0 


18-49 


Female 
Male 


MCV, 


14.0 
16.0 


120 
14.0 


mean corpuscular volume. 


HEMATOCRIT (%) 


Mean 
GT 
38 
39 
40 


41 
43 


41 
46 


42 
47 


MCV (fL) 
Lower Limit 
70 
is 
15 
76 


Lower Limit 
3 
34 
35 
36 


36 
3/ 


78 
1 


36 
38 


19 
78 


on 
40 


80 
89 


From Nathan DC, Oski F. Hematology of Infancy and Childhood. 4th ed. Philadelphia: WB Saunders; 1993. 


TABLE 37.3 Historical Clues in Evaluation 
of Anemia 


Variable Comments 
Age Iron deficiency rare in the absence of blood loss before 
6 mo in term or before doubling birth weight in 
preterm infants 
Neonatal anemia with reticulocytosis suggests 
hemolysis or blood loss: with reticulocytopenia it 
Suggests bone marrow failure 
Sickle cell anemia and B-thalassemia appear as fetal 
hemoglobin disappears (4—8 mo of age) 


X linked: G6PD deficiency 

Autosomal dominant: spherocytosis 

Autosomal recessive: sickle cell, Fanconi anemia 

Family member with early age of cholecystectomy 
(bilirubin stones) or splenectomy: hemolysis 

Ethnicity: (thalassemia with Mediterranean origin), (G6PD 
deficiency in blacks, Greeks, and Sephardic Jews) 

Race: (B-thalassemia in whites; œ-thalassemia in blacks 
and Asians; SC and SS in blacks) 


Cow's milk diet and iron deficiency 

Strict vegetarian and vitamin B,, or iron deficiency 
Goat's milk and folate deficiency 

Pica: plumbism and iron deficiency 

Cholestasis: malabsorption and vitamin E deficiency 


Family history 
and genetic 
considerations 


Nutrition 


G6PD-susceptible agents 

Immune-mediated hemolysis [e.g., penicillin) 
Bone marrow suppression 

Phenytoin: increases folate requirements 


Diarrhea Malabsorption of vitamins B,; and E and iron 

Inflammatory bowel disease and anemia of chronic 
disease or blood loss 

Milk protein allergy-induced blood loss 


Intestinal resection and vitamin B,, deficiency 


Infection Giardia and iron malabsorption 

Intestinal bacterial overgrowth (blind loop) and vitamin 
Bız deficiency 

Fish tapeworm and vitamin B,, deficiency 

Epstein—Barr virus, cytomegalovirus and bone marrow 
Suppression 

Mycoplasma and hemolysis 

Parvovirus and bone marrow suppression 

Chronic infection 

Endocarditis 

Malaria and hemolysis 

Hepatitis and aplastic anemia 


G6PD, glucose-6-phosphate dehydrogenase. 


considered whenever a child is said to be anemic and laboratory find- 
ings are not consistent with clinical impressions. Capillary blood sam- 
pling can be associated with substantial error, depending on the 
difficulty in performing the procedure and the use of mechanical force 
necessary to promote blood flow. When laboratory or sampling errors 
are suspected, a venipuncture sample should be obtained for confirma- 
tion. By definition, 2.5% of the general population has hemoglobin 
levels below the lower limit of normal, which is termed “statistical 
anemia.” This phenomenon should be considered when mild, unex- 
plained normocytic anemia is identified in a healthy child. 

Almost all laboratories perform CBCs with automated technology 
systems. Hemoglobin level (grams per deciliter), RBC count (cells per 
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cubic millimeter), and mean corpuscular volume (MCV) (expressed 
in femtoliters [fL]) are directly measured. Hematocrit value, mean 
corpuscular hemoglobin (MCH), and MCH concentration (MCHC) 
are derived values and therefore are less accurate. Other important 
information reported includes RBC distribution width (RDW), WBC 
count (cells per cubic millimeter), and platelet count. In addition to 
the hemoglobin values, careful attention should be given to the MCV, 
RDW, RBC morphology, platelet count, and WBC count. 


CLASSIFICATION OF ANEMIA 
Reticulocyte Count 


The reticulocyte count, reported as a percentage of total RBCs, is 
essential in categorizing anemia. An elevated reticulocyte count implies 
a bone marrow response to either increased RBC destruction (hemo- 
lysis) or acute or chronic blood loss. In cases of acute blood loss, there 
is an average delay in bone marrow response of 3-4 days. Thus, in the 
setting of acute blood loss, the reticulocyte count is most helpful when 
the bleeding and subsequent anemia have been present for more than 
a few days. 

Anemias are categorized on the basis of the adequacy of the reticu- 
locyte response. The reticulocyte count is expressed as a percentage of 
the total number of RBCs. In the setting of a normal hemoglobin, the 
reticulocyte count is about 1-2%. In patients with moderate or severe 
anemia, the reticulocyte count may appear elevated, but in absolute 
terms, it may be insufficient for the degree of anemia. Therefore, the 
reticulocyte count must be corrected using the following formula: 


reticulocyte count xhemoglobin 


Corrected reticulocyte count = 
(normal hemoglobin for age) 
If the corrected reticulocyte count is greater than 2%, then the bone 
marrow is producing RBCs at an accelerated pace (Fig. 37.1). 


Red Blood Cell Size 


The MCV is vital to the classification of anemia. High MCV is termed 
macrocytosis, and low MCV is termed microcytosis. Normal standards 
for MCV are age related; a simple guideline is that the lower normal 
limit of MCV for children older than 6 months is 70 fL plus the 
patient’s age in years until the adult standard of 80-100 fL is reached 
(Table 37.2). The MCV must always be interpreted in conjunction with 
a review of the peripheral blood smear, RDW, and reticulocyte count. 
A varied population of both smaller and larger RBCs (e.g., reticulo- 
cytes) may yield a falsely normal MCV and be diagnostically mislead- 
ing. A high RDW in the setting of a normal MCV is a clue that 2 
populations of RBCs exist. Microcytosis is associated with iron defi- 
ciency, thalassemia, and long-standing anemia of inflammation (Table 
37.5). Macrocytosis, an unusual finding in children, is associated with 
vitamin B, or folate deficiency, bone marrow failure syndromes 
(Fanconi anemia, Diamond-Blackfan anemia), and some cases of 
hypothyroidism (Table 37.5). 

An individual with small RBCs may have a normal or near-normal 
hemoglobin level if the RBC count is increased as occurs in patients 
with thalassemia minor who often have RBC counts of more than 5 x 
10°. The MCHC reflects the level of hemoglobin per cell and would be 
expected to be low in patients with anemias in which RBCs are 
“underhemoglobinized,” such as the hypochromic anemia of iron 
deficiency. 

The RDW is derived from the histogram of RBC volumes. A 
normal RDW (11.5-14.5%) implies a uniform population of RBCs 
that are similar in size. In o-thalassemia trait or B-thalassemia trait, a 
uniform population of small cells exists; hence, the MCV is low and 
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TABLE 37.4 Physical Findings in the Evaluation of Anemia 


System Observation 


Skin Hyperpigmentation 
Café-au-lait spots 
Vitiligo 
Partial oculocutaneous albinism 
Jaundice 
Petechiae, purpura 


Erythematous rash 
Butterfly rash 


Head Frontal bossing 
Microcephaly 

Eyes Microphthalmia 
Retinopathy 


Optic atrophy, blindness 
Blocked lacrimal gland 
Kayser—Fleischer ring 


Blue sclera 

Ears Deafness 

Mouth Glossitis 
Angular stomatitis 
Cleft lip 


Pigmentation 
Telangiectasia 


Leukoplakia 

Chest Shield chest or widespread nipples 
Murmur 

Abdomen Hepatomegaly 


Splenomegaly 


Nephromegaly 
Absent kidney 


Extremities Absent thumbs 
Thenar eminence hypoplasia; triphalangeal thumb 
Spoon nails 
Beau line (nails) 
Mees line (nails) 
Dystrophic nails 
Edema 


Rectal Hemorrhoids 
Heme-positive stool 


Nerves Irritable, apathy 
Peripheral neuropathy 
Dementia 
Ataxia, posterior column signs 
Stroke 


SLE, systemic lupus erythematosus. 


Significance 


Fanconi anemia, dyskeratosis congenita 

Fanconi anemia 

Vitamin B,2 deficiency 

Chédiak—Higashi syndrome 

Hemolysis, hepatitis 

Bone marrow infiltration, autoimmune hemolysis with autoimmune 
thrombocytopenia, hemolytic uremic syndrome 

Parvovirus, Epstein—Barr virus 

SUE 


Thalassemia major, severe iron deficiency, chronic subdural hematoma 
Fanconi anemia 


Fanconi anemia 
Hemoglobin SS, SC disease 
Osteopetrosis 

Dyskeratosis congenita 
Wilson disease 

lron deficiency 


Osteopetrosis 


Vitamin B,, deficiency; iron deficiency 

lron deficiency 

Diamond-Blackfan syndrome 

Peutz—Jeghers syndrome (intestinal blood loss) 
Osler-Weber—Rendu syndrome (blood loss) 
Dyskeratosis congenita 


Diamond-Blackfan syndrome 
Endocarditis; prosthetic valve hemolysis 


Hemolysis, infiltrative tumor, chronic disease, hemangioma, cholecystitis 

Hemolysis, sickle cell disease (early), thalassemia, malaria, lymphoma 
Epstein—Barr virus, portal hypertension, hemophagocytic syndromes 

Fanconi anemia 

Fanconi anemia 


Fanconi anemia 

Diamond-Blackfan syndrome 

lron deficiency 

Heavy metal intoxication, severe illness 

Heavy metals, severe illness, sickle cell anemia 
Dyskeratosis congenita 

Milk-induced protein-losing enteropathy with iron deficiency, renal failure 


Portal hypertension 
Intestinal hemorrhage 


lron deficiency 

Deficiency of vitamins B,, Bız, and lead poisoning 
Deficiency of vitamins By, and E 

Vitamins B, and E deficiency 

Sickle cell anemia, paroxysmal nocturnal hemoglobinuria 


Modified from Scott JP. Hematology. In: Behrman RE, Kliegman RM, eds. Nelson Essentials of Pediatrics. 2nd ed. Philadelphia: WB Saunders; 


1994:520. 
the RDW is normal or minimally elevated. An elevated RDW is seen anemia (i.e., concomitant iron deficiency and vitamin B,, or folate 
in iron deficiency where the population of small cells is variably sized; deficiency). 


hence, the MCV is low and the RDW is elevated. In some hemolytic 

anemias the RDW is elevated because of the presence of large reticu- Red Blood Cell Morphology 

locytes (Table 37.6). An elevated RDW in the setting of a normocytic Abnormalities of RBC structure may be readily apparent on inspection 
anemia suggests 2 populations of RBCs, namely large cells (elevated of the peripheral blood smear and provide helpful diagnostic hints 
MCV) and small cells (low MCV) and is concerning for a combined (Table 37.7 and Fig. 37.2). 


<2% (anemia of 
underproduction) 


Mean corpuscular volume 


—— 


Iron deficiency 
Thalassemia 


Chronic disease 
Sideroblastic anemia See Table 37.5 


See Table 37.5 


Isolated anemia 
Acute infection 
Transient erythroblastopenia 
Anemia of chronic disease 
Renal disease 
Hypothyroidism 
Drug induced 


Pancytopenia 
Aplastic anemia 
Leukemia 
Drug induced 
Hemophagocytic 

syndromes 


* Hereditary spherocytosis, 
elliptocytosis, pyropoikilocytosis, stomacytosis, or 
paroxysomal nocturnal hemoglobinuria 
t Glucose-6-phosphate 
dehydrogenase, pyruvate 
kinase, or glucose 
phosphate isomerase 
deficiencies. 


Corrected Reticulocyte Count 


Vitamin B,,/folate 
Diamond-Blackfan 
Lead Fanconi anemia 


CHAPTER 37 Pallor and Anemia 


Hemolysis 
Intrinsic 
Membrane defect* 
Enzyme defectt 
Hemoglobinopathy 
(Sickle cell anemia) 
Extrinsic 
Immune-autoimmune 
Infection 
Microangiopathy 
Disseminated intravascular 
coagulation 
Hemolytic uremic 
syndrome 
Thrombotic thrombocytopenic 
purpura 
Liver disease 
Paroxysmal nocturnal 
hemoglobinuria 
Hypersplenism 
Mechanical injury 
Toxins 
Nutritional 
Metabolic 
Wilson disease 


Blood loss 


FIGURE 37.1 Diagnostic approach to anemia. 


Other Laboratory Abnormalities Associated 
with Anemia 


Evaluation of the WBC count, differential, and platelet count is imper- 
ative in the setting of anemia. For example, leukopenia, neutropenia, 
and/or thrombocytopenia occurring in a patient with anemia of 
underproduction are suggestive of aplastic anemia or infiltrative bone 
marrow disease such as leukemia. The presence of immature leuko- 
cytes on a smear associated with either a high or a low WBC count is 
suggestive of leukemia. Thrombocytosis may be present in patients 
with iron deficiency, blood loss, inflammatory disease, infection, 
malignancy, or asplenia. 

Elevated serum indirect bilirubin, lactate dehydrogenase, and 
urinary urobilinogen levels occur in patients with increased rates of 
RBC destruction (hemolysis). Immune-mediated hemolytic anemia 
should be suspected when anemia, jaundice, reticulocytosis, spleno- 
megaly, and microspherocytes are noted. To investigate the underlying 
cause of the hemolysis, a direct Coombs test should be performed to 
detect the presence of an autoantibody on the RBC surface. A low 
serum iron level, elevated total iron-binding capacity, and a low per- 
centage of iron saturation (% saturation = serum iron/total iron- 
binding capacity x 100) and/or decreased serum ferritin level are 
helpful in establishing a diagnosis of iron deficiency. Hemoglobin 


identification via electrophoresis or high-performance liquid chroma- 
tography is necessary to identify hemoglobinopathies such as sickle cell 
disease or thalassemia. Assessment of RBC enzyme levels (e.g., G6PD) 
may be necessary when infection- or medication-related hemolytic 
anemia is suspected in a male of Mediterranean or African descent. 
True macrocytic anemia should prompt assessment for vitamin B, or 
folate deficiency. Bone marrow aspirate and biopsy should strongly be 
considered when other cytopenias exist such as thrombocytopenia or 
neutropenia. 


DIAGNOSTIC WORK-UP 


From a clinical perspective, it is best to consider the differential diagno- 
sis of pallor in the context of the acuity and severity of the clinical find- 
ings (Fig. 37.3). The well-appearing child may only need a CBC to 
confirm normal counts and provide reassurance. The pale child who 
appears mildly or moderately ill requires a CBC and other potential 
studies to detect any suspected underlying disease. The pale child who 
appears seriously ill requires urgent evaluation and appropriate thera- 
peutic intervention. A CBC should be obtained for all children with 
other laboratory assessments dictated on the basis of the suspected 
diagnosis. If hemorrhage or severe anemia is suspected, a type and 
cross-match must be sent to the blood bank, 2 large intravenous lines 


TABLE 37.6 Red Blood Cell Distribution 
Width (RDW) in Common Anemias of 
Childhood 


TABLE 37.5 Causes of High or Low Mean 
Corpuscular Volume 


Low Mean Corpuscular Volume 
Iron deficiency 

Thalassemias 

Lead toxicity 

Anemia of chronic disease 

Copper deficiency 

sideroblastic anemia 

Hemoglobin E 

Hereditary pyropoikilocytosis 


Anemia MCV 


Elevated RDW (Nonuniform Population of RBCs) 
Hemolytic anemia with elevated reticulocyte count High 


Iron deficiency anemia Low 
Anemias due to red blood cell fragmentation: DIC, HUS, TTP Low 
Megaloblastic anemias: vitamin B42 or folate deficiency High 


Normal RDW (Uniform Population of RBCs) 


High Mean Corpuscular Volume Thalassemias Low 


Normal newborn 

Elevated reticulocyte count 

Vitamin B, or folate deficiency 
Diamond-Blackfan anemia (congenital hypoplastic anemia) 
Fanconi anemia 

Aplastic anemia 

Down syndrome 

Hypothyroidism (occasionally) 

Orotic aciduria 

Lesch—Nyhan syndrome 

Drugs (zidovudine, chemotherapy) 

Chronic liver disease 

Paroxysmal nocturnal hemoglobinuria 
Thiamine-responsive megaloblastic anemia 
Myelodysplasias 

Dyserythropoietic anemias 


Acute hemorrhage Normal 
Fanconi anemia High 
Aplastic anemia High 


DIC, disseminated intravascular coagulation; HUS, hemolytic uremic 
syndrome; MCV, mean corpuscular volume; RBC, red blood cell; TTP, 
thrombotic thrombocytopenic purpura. 


TABLE 37.7 Peripheral Blood Morphologic Findings in Various Anemias 


Microcytes Basophil Stippling 
lron deficiency Thalassemia 
Thalassemias Lead intoxication 
Lead toxicity Myelodysplasia 
Anemia of chronic disease 
Red Blood Cell Fragments, Helmet Cells, Burr Cells 


Macrocytes Disseminated intravascular coagulation 
Newborns Hemolytic uremic syndrome 

Vitamin B; or folate deficiency Thrombotic thrombocytopenic purpura 
Diamond-Blackfan anemia Kasabach—Merritt syndrome 

Fanconi anemia Waring blender syndrome 

Aplastic anemia Uremia 

Liver disease Liver disease 


Down syndrome 
Hypothyroidism Hypersegmented Neutrophils 


Vitamin B, or folate deficiency 
Spherocytes 
Hereditary spherocytosis Blasts 


Immune hemolytic anemia (newborn or acquired) Leukemia (ALL or AML) 
Hypersplenism Severe infection (rarely) 


Sickled Cells Leukopenia/Thrombocytopenia 
Sickle cell anemias (SS disease, SC disease, SB*thalassemia, SB thalassemia) Fanconi anemia 
Aplastic anemia 
Elliptocytes Leukemia 
Hereditary elliptocytosis Hemophagocytic histiocytosis 


Iron deficiency I 
Megaloblastic anemia Howell-Jolly Bodies 


Asplenia, hyposplenia 
Target Cells Severe iron deficiency 
Hemoglobinopathies (especially hemoglobin C, SC, and thalassemia) 
Liver disease 
Xerocytosis 


ALL, acute lymphocytic leukemia; AML, acute myeloid leukemia. 
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FIGURE 37.2 Morphologic abnormalities of the red blood cell. A, Normal. B, Macrocytes (folic acid defi- 
ciency). C, Hypochromic microcytes (iron deficiency). D, Spherocytes (hereditary spherocytosis). E, Target 
cells (hemoglobin CC disease). F, Schistocytes (hemolytic uremic syndrome). (From Behrman RE, Kliegman 
RM, eds. Nelson Essentials of Pediatrics. 2nd ed. Philadelphia: WB Saunders; 1994:521.) 


must be secured, and frequent serial evaluations of hemoglobin, blood 
pressure, pulse, perfusion, and end-organ function must be performed. 


DIFFERENTIAL DIAGNOSIS OF ANEMIA 


The classification of anemia is presented in Figs. 37.1 and 37.4. 


Anemia Secondary to Acute Blood Loss 


Significant blood loss on an acute or subacute basis results in anemia. 
In subacute bleeding, the fall in hemoglobin occurs gradually and a 
period of about 24 hours may be required for full intravascular equili- 
bration after acute blood loss. When severe acute blood loss occurs, 


intravascular volume depletion is the primary concern, which cannot 
be assessed by hemoglobin level. Therefore, in the setting of severe 
blood loss, blood pressure, heart rate, adequacy of peripheral perfu- 
sion, and mental status are the best ways to assess patients. In most 
instances, an obvious history of blood loss is apparent (epistaxis, 
hematemesis, lower gastrointestinal bleeding, trauma). In some cases, 
intraabdominal bleeding can occur that is not clinically apparent. 
Large amounts of blood may accumulate in the gastrointestinal tract 
before the development of hematemesis, hematochezia, or melena. 
Intraabdominal bleeding may occur after trauma or may result from 
an ulcer (see Chapter 13) and may be associated with progressive 
anemia in the absence of an obvious source of bleeding. The clinical 
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PALLOR 


ACUTELY ILL 
Urgent evaluation (vital signs 
and focused history and 
physical exam) 
Urgent labs—CBC, others 
Consider: 

Hypotension, hypovolemia, 
sepsis, anaphylaxis, cardiac 
failure, adrenal insufficiency, 
vasovagal, hemorrhage 

Hypoglycemia 

Severe anemia 

Neurologic complications 
(head trauma or seizure) 


NOT ACUTELY ILL 


WELL 
Complete history 
and physical 
exam 
Consider: 
Anemia 
Physiologic-familial 


MILD OR CHRONICALLY ILL-APPEARING 
Complete history and 
physical exam 
Labs: CBC, other 
Consider: 
Anemia 
Chronic medical conditions 


Malignancy 

Atopy 

Edematous status: renal disease, 
congestive heart failure, 
hypothyroidism, vasculitis 

Gastrointestinal loss/malabsorption 

Inflammatory diseases 

Cardiopulmonary 

Diabetes 

Pheochromocytoma 

Others 


FIGURE 37.3 Approach to the pale child. CBC, complete blood count. 


history coupled with the physical examination (including rectal exami- 
nation) and tests for occult blood in the stool generally define the 
source of blood loss. 

In anemia associated with blood loss, the RBC size and morphology 
are normal and appropriate reticulocytosis should occur within 3-5 
days from the start of the blood loss. If hemorrhage has ceased, the 
hemoglobin level should gradually increase unless supervening factors 
such as iron deficiency exist. 

Severe hemorrhage associated with intravascular volume depletion 
warrants immediate intervention to avoid shock. RBC transfusions are 
necessary until hemorrhage has ceased. Less severe hemorrhage that is 
not associated with intravascular volume depletion will likely manifest 
with moderate to severe anemia. Transfusions may be necessary when 
the oxygen-carrying capacity of the blood is diminished to the point 
of impending tissue hypoxia. In these cases, the need for transfusion 
therapy is based on clinical symptoms including tachycardia, dyspnea, 
heart failure, fatigue, or lightheadedness. If hemorrhage has ceased, 
intravascular volume is replete, and if the patient is not manifesting 
signs of cardiorespiratory compromise, transfusion therapy can often 
be avoided. In such instances, it is appropriate to supply therapeutic 
doses of iron to ensure adequacy of the reticulocyte response 
(Table 37.8). 


Anemia Secondary to Underproduction 


Anemia caused by the underproduction of RBCs (see Figs. 37.1 and 
37.4) is characterized by a suboptimal bone marrow response to the 


TABLE 37.8 Therapy for iron Deficiency 


Infants and Children 

3—6 mg/kg of elemental iron/day, given in divided doses 2 or 3 times/day 
(mild nutritional anemia deficiency in infants may be treated with a single 
daily dose of 3 mg/kg before breakfast) 


Adolescents 


3—6 mg/kg/day of elemental iron (maximum, 200 mg) given in divided doses 
2 or 3 times/day 


Duration of Prescription 

Continue therapeutic dose of iron for 2—3 mo after hemoglobin level has 
been corrected (to replete stores), after which maintenance nutritional 
needs must be met. 


anemia reflected by a corrected reticulocyte count of less than 2%. 
Associated clinical symptoms can provide clues to the etiology of 
underproduction, especially for nonhematologic causes of anemia. 
Common nonhematologic causes of underproduction include chronic 
renal disease, chronic inflammation, or infection. Hematologic causes 
of underproduction are outlined in subsequent text. Anemia due to 
underproduction of RBCs should be evaluated in the context of RBC 
size: microcytic, normocytic, or macrocytic. 


|. Acute blood loss with hemodilution 


II. Anemia of RBC underproduction (i.e., inadequate reticulocyte count) 
A. Microcytic 
1. Iron deficiency 
2. Lead intoxication 
3. Thalassemia syndromes 
4. Anemia of chronic diseases 


B. Normocytic 


Aplastic anemia 
1.] With pancytopenia 


Malignant disease 
(bone marrow infiltration) 


Anemia of acute 
inflammation/infection 


Transient erythroblastopenia 
of childhood 


2. 


Isolated anemia 


Renal failure 


Hypothyroidism 


Vitamin B,./folate deficiency 


Macrocytic 


“Stress erythropoiesis” 


Isolated anemia 
(Diamond-Blackfan) 


Pancytopenia-Fanconi 
or aplastic anemia 


III. Anemia due to increased destruction = hemolysis (i.e., adequate 
reticulocyte count) 
A. Intrinsic RBC defect 
1. Hemoglobinopathies (sickle cell anemia, unstable hemoglobins) 
2. Membrane defects (hereditary spherocytosis, elliptocytosis) 
3. Enzymopathies (G6PD, pyruvate kinase deficiency) 


B. Extrinsic defects 
1. Immune hemolysis 
2. Infection (bacterial, viral, other) 
3. Microangiopathy (disseminated intravascular coagulation, 
hemolytic uremic syndrome, thrombotic thrombocytopenic 
purpura) 


4. Liver disease 
5. Paroxysmal nocturnal hemoglobinuria 
6. Hypersplenism 
7. Mechanical injury (e.g., burns) 
8. Toxins 
9. Nutritional (vitamin E deficiency) 
10. Metabolic (galactosemia) 
11. Wilson disease 


FIGURE 37.4 Differential diagnosis of anemia. G6PD, glucose-6- 
phosphate dehydrogenase; RBC, red blood cell. 


Microcytic Anemias 


Hemoglobin, the chief intracellular component of the RBC, is com- 
posed of heme (iron and protoporphyrin IX) and globin chains (& and 
B). Any factor that diminishes the availability or utilization of these 
components results in microcytic anemia. The automated MCV rep- 
resents the mean RBC volume and does not address variations in cell 
size. The RDW, however, describes variation in RBC size and if normal 
defines a relatively uniform population of cells. Review of the periph- 
eral blood smear also provides additional evidence regarding variabil- 
ity in cell size and shape. It is important to note that MCV is age related 
(Table 37.2). Common hematologic causes of microcytic anemia are 
discussed in subsequent text. When the diagnosis is not immediately 
apparent, it is helpful to carefully select from a variety of available 
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TABLE 37.9 Laboratory Findings in 
Microcytic Anemia 


Ferritin 
Iron deficiency | 
o-Thalassemia nl 


B-Thalassemia 


Lead poisoning 


Anemia of chronic 
disease 


Fe, iron; FEP, free erythrocyte protoporphyrin; HbA», hemoglobin A; 
nl, normal; Pb, lead; TIBC, total iron-binding capacity. 

Modified from Reece RM. Manual of Emergency Pediatrics. 4th ed. 
Philadelphia: WB Saunders; 1992. 


laboratory studies to further differentiate the cause of the microcytic 
anemia (Table 37.9). 

Iron deficiency anemia. Iron deficiency is the most common nutri- 
tional deficiency that causes anemia. Iron deficiency results when nutri- 
tional intake is insufficient to meet demands associated with growth 
and/or blood loss. Iron is a key component of the hemoglobin mole- 
cule; its deficiency leads to anemia associated with reduced hemoglobin 
production (hypochromia) and small RBCs (microcytosis). Infants are 
at particular risk for the development of iron deficiency since their 
rapid growth and expanding blood volume impose considerable iron 
demands. Premature infants are at the highest risk because most in 
utero iron is transferred to the fetus during the last trimester of preg- 
nancy and postnatal growth rate is rapid. In addition, exclusively 
breast-fed infants are also susceptible to iron deficiency in the later 
months of their 1st year of life if sufficient solid food intake high in iron 
does not keep up with iron demands. Toddlers are also at high risk for 
the development of iron deficiency due to excessive cow’s milk intake 
leading to poor iron absorption, decreased intake of dietary sources of 
iron, and gastrointestinal blood loss from milk protein sensitivity. Thus, 
appropriate counseling should be provided to the family to ensure that 
cow’s milk is limited to no more than 24 oz/day. Adolescent females are 
at very high risk due to menstrual blood loss and inadequate nutrition. 
Risk for iron deficiency is high in adolescent females especially during 
the Ist year after menarche. When iron deficiency occurs outside of the 
setting of infancy, toddlers, or adolescent females a pathologic source of 
blood loss must be strongly considered and occult gastrointestinal bleeding 
is an important source to consider as iron deficiency anemia can be the first 
clue to the presence of inflammatory bowel disease. 

Nutritional sources of iron include iron-fortified infant formula 
(12 mg/L), iron-fortified infant cereal, beef, fish, and fowl. Ascorbic 
acid (vitamin C) enhances the absorption of iron. The American 
Academy of Pediatrics recommends iron-fortified infant formula or 
breast milk until the age of 1 year and the introduction of iron-rich 
foods after 6 months of age. Cow’s milk is a very poor source of nutri- 
tional iron and should not be given to infants less than 1 year of age. 
After 1 year of age, infants should consume no more than 24 oz/day. 
Iron supplementation is necessary for preterm infants, most adolescent 
females, and pregnant women and should be strongly considered for 
all exclusively breast-fed infants regardless of diet. Iron deficiency must 
be viewed as a systemic deficiency disorder, only 1 manifestation of 
which is anemia (Table 37.10). 

Iron deficiency is usually detected by routine hemoglobin screening. 
This should be performed initially in children between 9-12 months 
of age and again between 18-24 months of age as toddlers are especially 
vulnerable to iron deficiency anemia during the transition from 
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TABLE 37.1O Nonhematologic 
Consequences of Iron Deficiency 


Impairment of cognitive development 

Pica 

Epithelial abnormalities (gastrointestinal mucosal lesion, glossitis; 
spoon-shaped nails) 

Exercise intolerance (muscle weakness) 

Behavioral manifestations 

Growth retardation 

Impaired collagen synthesis (blue sclera) 


formula to cow’s milk. Adolescent females should be screened 1-2 years 
after menarche. Laboratory confirmatory studies are necessary when 
iron deficiency anemia is suspected in patients who are not at high risk 
for nutritional deficiency or in those in whom anemia is moderately 
severe (Table 37.9). A serum ferritin level of less than 12 ng/dL or an 
iron saturation of less than 10% confirms the diagnosis. 

Symptomatic iron deficiency is infrequent, but when it occurs, it is 
generally noted in infants who consume large amounts of cow’s milk 
and have intestinal blood loss as a result of asymptomatic milk protein— 
induced enterocolitis. Such children may have pallor, irritability, 
fatigue, glossitis, blue sclera, and in extreme cases signs and symptoms 
of high-output cardiac failure (dyspnea, diaphoresis, pallor, tachycar- 
dia, gallop rhythm, and hepatomegaly). Blood loss may be intermit- 
tent; a negative stool test for blood does not rule out the diagnosis. 
Mild anemia in otherwise well infants between 6-24 months of age, 
particularly in association with ingestion of large amounts of cow’s 
milk, is most likely caused by iron deficiency. 

When mild anemia is detected in the healthy, menstruating adoles- 
cent female, chronic blood loss is usually the etiology. Empirical iron 
therapy is often prescribed in such circumstances (Table 37.8). If the 
hemoglobin level has normalized after 1 month of therapy, a presump- 
tive diagnosis has been established and the patient should receive an 
additional 2-3 months of therapeutic doses of iron to replete stores. 
An appropriate response to iron therapy is the diagnostic “gold 
standard.” 

Recurrent iron deficiency anemia in infants and children, despite 
limitation of cow’s milk intake and compliance with supplemental 
iron, should raise the suspicion for pulmonary hemorrhage as a 
source of chronic blood loss. This condition is called Heiner syndrome 
and is due to severe cow's milk protein hypersensitivity. Heiner syn- 
drome should be considered when chronic iron deficiency anemia 
exists with associated cough, wheeze, or diagnosis of “asthma.” Chest 
radiograph reveals pulmonary infiltrates consistent with hemorrhage. 

The treatment of iron deficiency anemia is outlined in Table 37.8. 
Intravenous iron therapy is rarely necessary, although it may be useful 
in certain situations (iron malabsorption in patients with celiac disease, 
intestinal bacterial overgrowth syndrome, inflammatory bowel disease, 
and genetic causes affecting iron absorption; children receiving hemo- 
dialysis). The optimal approach to iron deficiency anemia in infants 
and children is prevention. 

Thalassemia syndromes. The thalassemia syndromes represent a 
heterogeneous group of inherited disorders of decreased globin pro- 
duction that lead to microcytic anemia, which can be mistaken for iron 
deficiency. The child with microcytic anemia, without evidence of iron 
deficiency, should be evaluated for thalassemia. 

Two genes, one inherited from each parent, code for the production 
of the B-globin chains of hemoglobin. When 1 gene is affected 
by the {-thalassemia mutation, a moderate diminution in the 


production of the B-globin chain occurs, resulting in mild microcytic 
anemia of underproduction. B-Thalassemia occurs most commonly in 
individuals of Mediterranean, Asian, or African descent. Patients with 
B-thalassemia trait are asymptomatic and the diagnosis is frequently 
made when anemia and microcytosis are noted at the time of routine 
screening for iron deficiency or incidentally when a CBC is obtained 
for the assessment of acute or chronic symptoms. Typically patients 
have mild anemia and a low MCV. For an equivalent degree of anemia, 
the MCV is substantially lower than that seen in iron deficiency. 

This phenomenon is reflected in the Mentzer index calculated 
by dividing the MCV by the RBC count (in millions). The RBC 
count is usually elevated in thalassemia. Thus, an index of less than 
13 is suggestive of thalassemia trait, whereas an index of more than 
13 is generally suggestive of iron deficiency anemia. A normal MCV 
virtually excludes a diagnosis of B-thalassemia. A normal or mildly 
elevated RDW is usually seen in thalassemia and reflects a relatively 
uniform population of microcytic RBCs. This is in contrast to iron 
deficiency wherein the RDW is uniformly elevated reflecting variation 
in cell size. 

The peripheral blood smear demonstrates microcytosis, hypochro- 
mia, and target cells. Occasional fragments may be seen. The signifi- 
cance of diagnosing B-thalassemia trait is twofold: (1) its confusion 
with iron deficiency (hence, patients may be treated unnecessarily 
with repeated courses of iron and undergo repeated unnecessary 
blood studies) and (2) its genetic implications. A mating between 2 
individuals with B-thalassemia trait carries a 25% risk per pregnancy 
of offspring with homozygous B-thalassemia (thalassemia major), a 
severe hematologic disorder. Parents and siblings of a child with a 
diagnosis of B-thalassemia trait should be appropriately screened and 
counseled. For purposes of screening, a normal, age-adjusted MCV 
essentially excludes a diagnosis of B-thalassemia trait. 

Homozygous B-Thalassemia, also known as B-thalassemia major 
or Cooley anemia, results from the inheritance of the B-thalassemia 
trait mutation from each parent. This results in a severe deficiency of 
8-globin chain production. Excess o-globin chains precipitate within 
developing erythroid elements in the marrow and lead to brisk intra- 
marrow destruction of developing erythroid elements (ineffective 
erythropoiesis). As a result, patients with B-thalassemia major present 
during infancy at 6-12 months of age with severe anemia and an inad- 
equate reticulocyte count during the time when transition from fetal 
hemoglobin to adult hemoglobin occurs. The child with B-thalassemia 
major typically presents with fatigue, irritability, pallor, jaundice, and 
marked hepatosplenomegaly that is caused by extramedullary hema- 
topoiesis. Frontal bossing and prominent cheek bones (maxillary 
hyperplasia) may be noted and result from expansion of the marrow 
space in an attempt to compensate for the severe anemia. Most patients 
are of Mediterranean or Asian descent. 

Laboratory findings include severe anemia and a decreased age- 
adjusted MCV. The peripheral blood smear is markedly abnormal, 
demonstrating severely underhemoglobinized RBCs, target cells, and 
wide variability in cell shape and size (increased RDW). Long-term 
transfusion therapy sufficient to suppress ineffective erythropoiesis 
(maintaining hemoglobin level >10 g/dL) may be associated with rela- 
tively normal growth, development, and functional capabilities. Long- 
term iron chelation to prevent iron overload allows for prolonged 
survival and avoidance of transfusional hemosiderosis (hepatic, endo- 
crine, and cardiac dysfunction). Bone marrow transplantation is cura- 
tive and a potential treatment option for younger patients who have a 
human leukocyte antigen—identical healthy sibling or matched unre- 
lated donor. 

Four genes code for the o-globin chains of hemoglobin: 2 genes on 
each chromosome 16. Deletions of 1, 2, 3, or 4 of these genes account 


for the variable laboratory and clinical findings associated with the 
G-thalassemia syndromes. Decreased o-globin chain production 
leads to an excess of B-globin chains, which tend to precipitate within 
developing RBCs in the bone marrow leading to destruction. Mature 
RBCs are mildly hypochromic and microcytic and may appear to be 
targeted. 

Deletion of 1 o-thalassemia gene is known as the “silent carrier” 
state because it is not associated with anemia or microcytosis. This 
occurs in about 30% of African-Americans as well as individuals of 
Asian descent. 

Deletion of 2 genes represents &-thalassemia trait. Such patients 
manifest mild anemia and microcytosis with MCVs generally in the 
mildly decreased range (less microcytosis than is generally seen in 
B-thalassemia trait). 

A 3-gene deletion leads to hemoglobin H disease, which is associ- 
ated with moderate hemolytic anemia, microcytosis, reticulocytosis, 
and splenomegaly. 

A 4-gene deletion represents o-thalassemia major or hemoglobin 
Bart’s disease, in which the fetus is unable to produce any o-chains. 
Hence, nearly all in utero hemoglobin is Bart’s type (composed of 4 
8-chains). Hemoglobin Bart’s has an extremely high oxygen affinity 
and leads to severe tissue hypoxemia and resultant fetal hydrops and 
death. On occasion, babies with hemoglobin Bart’s disease have been 
saved by extraordinary measures (intrauterine transfusion and early 
delivery), but they are then committed to lifelong transfusion support 
and/or bone marrow transplantation. 

Hemoglobin H disease and a-thalassemia major occur almost 
exclusively in individuals of Asian descent. This is because Asians 
and Africans have different chromosomal arrangements of the abnor- 
mal genes. When o-thalassemia minor (2-gene deletion) occurs in 
the Asian population, deletions may be cis (both genes deleted from 
the same chromosome) or trans (each chromosome missing 1 gene). 
In individuals of African descent, a&-thalassemia minor (2-gene dele- 
tion) occurs only on the basis of a trans distribution; hence, a 
mating between 2 individuals with the African variety of o&-thalassemia 
trait produces offspring with only 2 œ genes deleted (a-thalassemia 
minor). A mating between 2 individuals of Asian descent who have 
a-thalassemia minor may produce an offspring with all 4 genes 
deleted (a-thalassemia major). The implication of a diagnosis of 
a-thalassemia trait in individuals of African descent usually relates 
primarily to its confusion with iron deficiency. Individuals of Asian 
descent must be appropriately counseled regarding the potential for 
transmission of serious hematologic disease if a mating between 2 
individuals with a-thalassemia trait occurs. 

Lead poisoning. The occurrence of elevated serum and total body 
burdens of lead is a major public health problem. This is of particular 
importance for infants and young children from lower socioeconomic 
families living in old housing with lead-based paint. Elevated lead 
levels may decrease erythropoiesis because lead inhibits several 
enzymes along the path of protoporphyrin synthesis. Lead may also 
produce hemolysis. 

Anemia is usually seen in association with lead levels of 60-70 ug/ 
dL or higher. Anemia is mild, variably microcytic, and associated with 
prominent basophilic stippling of RBCs. Coexistent iron deficiency is 
common because iron deficiency promotes increased lead absorption. 
The presence of mild microcytic anemia in children with mild to 
moderate lead burdens is usually due to concomitant iron deficiency. 
Lead chelation therapy is appropriate when lead levels are higher than 
40-45 ug/dL. Additional features of marked lead toxicity include intes- 
tinal colic, lead lines in long bone radiographs, behavioral changes, 
renal tubular defects, and lead encephalopathy associated with 
increased intracranial pressure. 
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Anemia of inflammation. In a wide variety of chronic inflamma- 
tory or infectious disorders, mild to moderate anemia, termed anemia 
of inflammation (previously known as anemia of chronic disease), 
may be present. The MCV is usually normal to mildly decreased. 
Chronic inflammation or infection impairs the transfer of iron from 
reticuloendothelial cells within the marrow to developing erythroid 
elements. This results in some degree of iron-deficient erythropoiesis 
despite adequate marrow stores of iron. This impaired transfer of iron 
is thought to be due in part to the molecule hepcidin that is elevated 
during times of inflammation. Often the history and physical examina- 
tion findings point to chronic illness, but occasionally patients have no 
obvious manifestations of systemic disease. The presence of unex- 
plained normocytic or mild microcytic anemia should alert the clini- 
cian to the possibility of occult systemic disease. An elevated erythrocyte 
sedimentation rate is usually noted in patients with chronic inflamma- 
tory or infectious states. Anemia of inflammation is characterized by 
no specific abnormalities on peripheral smear other than mild hypo- 
chromia and microcytosis. Serum ferritin level is often elevated as a 
result of the inflammatory state and is thus a poor reflection of iron 
status. Serum iron level and total iron-binding capacity are generally 
decreased, but the percentage of iron saturation is often within the low 
to normal range distinguishing it from iron deficiency anemia. 

Rare causes of microcytic anemia. Sideroblastic anemias are a 
group of very rare congenital (often X linked) inherited diseases associ- 
ated with impairment of protoporphyrin synthesis and variable micro- 
cytic anemia. The bone marrow examination demonstrates evidence 
of developing erythroid cells with excess iron deposited in mitochon- 
dria that tend to form a circular appearance around the nucleus; hence, 
the term ringed sideroblast. Copper deficiency is another rare cause 
of microcytic anemia. Associated features include neutropenia and 
scurvy-like bone changes (periosteal elevation). Only under unusual 
circumstances, when prominent microcytic anemia is otherwise unex- 
plained, should these rare disorders be considered. 


Normocytic Anemia Secondary to Underproduction 


When normocytic anemia secondary to underproduction is identified 
in a patient, the key issue is whether anemia is occurring in isolation 
or is associated with other cytopenias (Table 37.11 and Fig. 37.5; 
Fig. 37.4). Normocytic anemia with an inadequate reticulocyte 
response and pancytopenia raises the possibility of serious primary or 
secondary bone marrow disease (Table 37.11) including malignancy. 
The history and physical examination findings are often predictive of 
the presence of thrombocytopenia (easy bruising, petechiae, ecchymo- 
sis) and/or neutropenia (fever, signs of infection). Adenopathy and 
hepatosplenomegaly are suggestive of bone marrow infiltration caused 
by malignancy. 

Acquired aplastic anemia is a rare disorder of childhood character- 
ized by pancytopenia (neutropenia, anemia, thrombocytopenia) and 
a markedly hypoplastic bone marrow. Clinical manifestations may 
include pallor, fatigue, purpura, bleeding (cutaneous petechiae and 
ecchymosis, epistaxis, gingival oozing), and/or recurrent infection. The 
physical examination may reveal purpura and pale mucosa and skin. 
Adenopathy and hepatosplenomegaly are not features of this condition. 
The cause is often obscure but may be related to prior infection 
(hepatitis, Epstein—Barr virus), toxin exposure (benzene, other volatile 
compounds), or medications (chloramphenicol, anticonvulsants). 
Postinfectious, drug-related, or idiopathic acquired aplastic anemia is 
most likely mediated by immunologic mechanisms. The peripheral 
blood smear demonstrates normal-appearing RBCs, an absence of poly- 
chromasia, and few leukocytes and platelets. The MCV may be elevated. 
A bone marrow biopsy demonstrates hypoplasia involving all cell lines. 
Severe acquired aplastic anemia is most appropriately treated by bone 


TABLE 37.11 


Disorder 


Congenital 
Diamond-Blackfan syndrome 
(congenital hypoplastic anemia) 


Acquired 
Transient erythroblastopenia 


Idiopathic aplastic anemia (S/P 
hepatitis, drugs, unknown) 


Familial 
Fanconi anemia 


Paroxysmal nocturnal 
hemoglobinuria 


Dyskeratosis congenita 


Familial hemophagocytic 
lymphohistiocytosis 


Infections 
Parvovirus 


Epstein-Barr virus (EBV) 


Virus-associated hemophagocytic 
syndrome (CMV, HHV-6, EBV) 


Age at Onset 


Newborn—1 mo 
90% <1 yr age 


O MOSI ví 
85% >1 yr age 
All ages 


Before 10 yr; 
mean, 8 yr 


After 5 yr 


Mean for skin, 10 yr; 
mean for anemia, 
17 yr 

Before 2 yr 


Any age 


Any age; usually 
<!) yí 
Any age 


Characteristics 


Pure red cell aplasia, autosomal recessive, autosomal 
dominant or sporadic, elevated fetal hemoglobin, fetal i 
antigen present, macrocytic; some have thrombosis, short 
stature, webbed neck, cleft lip, triphalangeal thumb; 
late-onset leukemia 


Pure red blood cell defect; no anomalies, fetal hemoglobin or i 
antigen; spontaneous recovery; normal MCV 


All cell lines involved; chloramphenicol, phenylbutazone, 
radiation 


Absent thumbs, café-au-lait spots, cutaneous 
hyperpigmentation, short stature; chromosomal breaks, high 
MCV and hemoglobin F; horseshoe or absent kidney, 
leukemic transformation; autosomal recessive trait 


Initial hemolysis followed by aplastic anemia; increased 
complement-mediated hemolysis; thrombosis, iron deficiency 


Pancytopenia; hyperpigmentation, dystrophic nails, leukoplakia; 


X-linked recessive; lacrimal duct stenosis; high MCV and 
fetal hemoglobin 


Pancytopenia; fever, hepatosplenomegaly, hypertriglyceridemia, 


CSF pleocytosis 


Superimposed on any chronic hemolytic anemia, typically 
sickle cell; new-onset reticulocytopenia 


X-linked immunodeficiency syndrome, pancytopenia 


Pancytopenia; hemophagocytosis present in marrow 


Differentiation of Red Blood Cell Aplasias and Aplastic Anemias 


Treatment 


Prednisone, transfusion 


Transfusion for symptomatic 
anemia 


Bone marrow transplantation, 
antithymocyte globulin, 
cyclosporine, androgen 


Androgens, corticosteroids, bone 
marrow transplantation 


lron, bone marrow transplantation, 
androgens, steroids 


Androgens, splenectomy, bone 
marrow transplantation 


Transfusion (often lethal), VP-16, 
bone marrow transplantation 


Transfusion 


Transfusion; bone marrow 
transplantation 

Transfusion, antiviral therapy, 
intravenous Immunoglobulin 


CMV, cytomegalovirus; CSF, cerebrospinal fluid; HHV-6, human herpesvirus-6; MCV, mean corpuscular volume; S/P, status post; VP-16, etoposide. 
Modified from Scott JP. Hematology. In: Behrman RE, Kliegman RM, eds. Nelson Essentials of Pediatrics. 2nd ed. Philadelphia: WB Saunders; 


1994:525. 
WBC, platelet count 


Enlarged liver/spleen/ 
lymph nodes 


Normal 


Mild anemia 
Acute illness 


(?) Hypothyroid 


Moderate/ 
severe anemia 


Normal growth/ 
development 


Aplastic 
anemia 


Normal past 
medical history 


YES 


or HLH or 
Leukemia 


Anemia 
of acute 


infection/ 
inflammation 


YES 
Renal insufficiency| |Transient 
erythroblastopenia 
of childhood 


FIGURE 37.5 Diagnostic scheme of normochromocytic anemia of underproduction. HLH, hemophagocytic 
lymphohistiocytosis; WBC, white blood cell. 


marrow transplantation when a human leukocyte antigen—matched 
sibling marrow donor is available. Unrelated matched donors offer 
another possibility for bone marrow transplantation. If marrow trans- 
plantation is not feasible, immunosuppressive therapies, including anti- 
lymphocyte globulin, corticosteroids, and cyclosporine, have been used 
with variable success. Aplastic anemia should always be considered 
when anemia occurs in association with thrombocytopenia and neu- 
tropenia in the absence of adenopathy and hepatosplenomegaly. 

Disorders associated with bone marrow infiltration including leu- 
kemia and metastatic malignancy often manifest with normocytic 
anemia secondary to underproduction, thrombocytopenia, and either 
neutropenia, or leukocytosis. Teardrop erythrocytes may be present in 
the peripheral smear. The MCV may be elevated. Many children with 
leukemia come to medical attention because of pallor, fatigue, and 
purpura. Limping and skeletal pain are also common with childhood 
leukemia. Pallor, purpura, adenopathy, and hepatosplenomegaly are 
often seen on physical examination. Peripheral blood smear may show 
leukemic blasts. Bone marrow examination findings are diagnostic. 

When normocytic anemia secondary to underproduction is iso- 
lated without associated thrombocytopenia or neutropenia, several 
diagnostic entities must be considered. Mild anemia commonly 
accompanies acute infections and inflammatory illness. Children are 
often incidentally found to be anemic several days to a few weeks after 
having childhood infectious illnesses including viral upper respiratory 
tract infections, gastroenteritis, or undifferentiated febrile illnesses. 
Anemia reflects impaired erythrocyte production as a result of the 
bone marrow-suppressive mediators of the immune/inflammatory 
response including interleukins, interferons, and tumor necrosis factor. 
Cessation of RBC production leads to a fall in hemoglobin level of 
about 1 g/dL/wk. Mild anemia discovered during or shortly after acute 
illness does not necessitate an extensive evaluation; rather a follow-up 
hemoglobin determination should be obtained several weeks later. 
Persistent anemia necessitates further evaluation. 

Transient erythroblastopenia of childhood, occurring predomi- 
nantly in infants and toddlers, represents a temporary arrest of eryth- 
ropoiesis that is likely secondary to IgG antibodies that cross-react with 
early erythroid precursor cells. Infection is thought to be 1 impetus for 
the development of this condition. Patients present with pallor and 
fatigue that occurs gradually over several weeks to months. Because of 
the very gradual fall in hemoglobin, most affected children are remark- 
ably well compensated. Physical examination usually shows only 
marked pallor and mild tachycardia. Adenopathy and hepatospleno- 
megaly are not present. Congestive heart failure occurs only if anemia 
is very severe. The CBC demonstrates a normocytic anemia and pro- 
found reticulocytopenia. The WBC and platelet counts are normal in 
most patients; however, 25% of patients have mild neutropenia at the 
time of presentation. The peripheral blood smear is unremarkable. 
Recovery is spontaneous. Blood transfusion is indicated only for 
patients with severe, symptomatic anemia. Transient erythroblastope- 
nia of childhood may be difficult to differentiate from congenital hypo- 
plastic anemia (Diamond-Blackfan anemia), particularly in children 
younger than 1 year (Table 37.11). In Diamond-Blackfan anemia, a 
constitutional RBC aplasia syndrome, MCV and fetal hemoglobin 
levels are usually elevated for the patient’s age providing clues to the 
diagnosis. 

The patient with previously undiagnosed chronic hemolytic anemia 
(sickle cell anemia, hereditary spherocytosis) may present with normo- 
cytic anemia and severe reticulocytopenia if transient RBC hypoplasia 
occurs on the basis of a viral infection such as commonly seen with 
parvovirus B19. Because of a shortened RBC life span in patients with 
chronic hemolysis, a transient arrest of RBC production can cause 
severe anemia that evolves over several days. Patients may have a 
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history of neonatal jaundice and/or intermittent icterus, and they often 
have splenomegaly and an abnormal peripheral smear related to the 
underlying hemolytic disease. 

Isolated anemia secondary to underproduction occurs in children 
with chronic renal disease as a result of erythropoietin deficiency. 
Clinical and laboratory findings often suggest a diagnosis of renal 
insufficiency such as poor growth, hypertension, edema, abnormal 
urinalysis, and elevated serum urea nitrogen and creatinine levels. The 
anemia of chronic renal disease can be successfully treated by recom- 
binant human erythropoietin. 


Macrocytic Anemia (Figs. 37.1 and 37.4) 


Diamond-Blackfan anemia is a constitutional pure RBC aplasia syn- 
drome that manifests during the 1st year of life with isolated severe 
anemia and reticulocytopenia (Table 37.11). The remainder of the 
CBC is unremarkable. Because synthesis of RBCs containing adult 
hemoglobin is markedly impaired, RBCs generally manifest fetal char- 
acteristics, including elevated MCV, increased levels of fetal hemoglo- 
bin, and the “i” surface antigen. Bone marrow aspirate demonstrates 
pure RBC aplasia. Two-thirds of patients with Diamond-Blackfan 
anemia initially respond to corticosteroid treatment; the remaining 
patients require long-term transfusion therapy. In patients who ini- 
tially respond to steroid therapy, the anemia may become refractory 
over time. Bone marrow transplantation has been curative in selected 
steroid-resistant patients. 

Fanconi anemia usually manifests with macrocytic anemia second- 
ary to underproduction and pancytopenia. It is a constitutional disor- 
der frequently, but not invariably, associated with physical stigmata 
(Table 37.11). Most patients do not present with overt hematologic 
manifestations until 4 or 5 years of age. Thumb and radial anomalies 
should alert the clinician to possible Fanconi anemia even in the 
absence of cytopenias. RBCs tend to have fetal characteristics including 
increased MCV and elevated fetal hemoglobin level. Patients usually 
initially respond to androgen therapy, however, mortality rates are high 
due to evolving resistance to treatment over time in addition to pre- 
disposition to myeloid leukemia and other malignancies. Bone marrow 
transplantation can be curative based on the hematologic manifesta- 
tions. Fanconi anemia is among the chromosomal breakage disorders 
wherein DNA is unusually fragile and susceptible to injury. Thus, the 
diagnostic laboratory abnormality is an increased chromosomal break- 
age when cells are cultured in the presence of a clastogenic agent, such 
as diepoxybutane, commonly known as the DEB test. There are at least 
15 genes responsible for Fanconi anemia; sequencing may confirm the 
diagnosis. 

Megaloblastic anemia (vitamin B,. deficiency or folate defi- 
ciency). Megaloblastic anemia, characterized by macrocytic RBCs 
with variable abnormalities of WBCs and platelets, is usually caused 
by vitamin B,, deficiency or folate deficiency. Albeit rare in children, it 
can occur secondary to nutritional or congenital etiologies. If severe, 
associated pancytopenia can occur. In addition to large ovoid RBCs, 
hypersegmented neutrophils (more than 5 lobes/cell) are often seen on 
the peripheral smear (Fig. 37.6); large platelets can be present. It is 
appropriate to suspect vitamin B, deficiency or folate deficiency in 
patients with otherwise unexplained macrocytic anemia. Document- 
ing the presence of vitamin B,, deficiency or folate deficiency requires 
an exhaustive etiologic search, including assessment of nutrition and 
gastrointestinal absorption. Prompt diagnosis of vitamin B,, deficiency 
is imperative due to the associated neurologic manifestations that can 
occur. Importantly, the degree of anemia can be inversely proportional 
to the neurologic symptoms; thus, a high index of suspicion is needed 
in order to not miss the diagnosis. The diagnosis of vitamin B,, defi- 
ciency and folate deficiency cannot be made solely on the levels of 
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FIGURE 37.6 Hypersegmented polymorphonuclear leukocyte as seen 
in vitamin B,» deficiency or folate deficiency. 


vitamin B,, deficiency or folate. The precursors of methylmalonic acid 
(MMA) and homocysteine must also be evaluated since normal 
vitamin B} levels can still be associated with vitamin B, deficiency. 
Elevated MMA despite normal B, levels is diagnostic of B,, deficiency. 
RBC folate and not serum folate should be evaluated to accurately 
assess folate levels. 

Nutritional vitamin B,, deficiency may occur in breast-feeding 
infants of mothers on strict vegetarian diets that exclude milk and egg 
products. 

Congenital pernicious anemia is a rare syndrome associated with 
vitamin Bı malabsorption that is caused by gastric intrinsic factor 
deficiency. Children who have had resection of the terminal ileum, the 
site of absorption of vitamin B,,, may develop megaloblastic anemia. 
Vitamin Bı malabsorption may occur with inflammatory disease 
involving the terminal ileum such as Crohn disease or ulcerative colitis. 
Rare congenital disorders that affect vitamin B,, transport, absorption, 
or metabolism can also occur. 

Unlike body stores of vitamin B,,, which may provide several years’ 
reserve, folate stores are limited to several weeks’ supply. Folate is 
ubiquitous in food sources; hence, nutritional deficiency is unusual. 
Infants fed unsupplemented goat’s milk may develop profound folate 
deficiency. Malabsorption of folate can occur in children who have 
limited small bowel absorptive capacity as a result of surgical resection 
or inflammatory disease. 

Anemia caused by increased red blood cell destruction. The 
hemolytic disorders (Figs. 37.1 and 37.4) are characterized by short- 
ened RBC survival and compensatory reticulocytosis. Normal RBCs 
survive approximately 120 days in the circulation. New RBCs are man- 
ufactured at a rate equivalent to the destruction of senescent RBCs so 
that under normal circumstances an appropriate hemoglobin level is 
maintained. Intrinsic or extrinsic RBC factors can lead to accelerated 
RBC destruction. Several clinical and laboratory hallmarks are associ- 
ated with hemolysis (Table 37.12). It is imperative that a technically 
adequate peripheral blood smear be examined whenever hemolysis is 
suspected. Although normal RBC structure does not exclude a diag- 
nosis of hemolytic anemia, most hemolytic diseases are associated with 
morphologic abnormalities (Table 37.13). Depending on the cause of 
the hemolysis, RBCs may be removed from the circulation by reticu- 
loendothelial cells (extravascular hemolysis) or may lyse within the 
circulation (intravascular hemolysis). With intravascular hemolysis, 
hemoglobin is released into the plasma and bound by the serum 
protein haptoglobin. In states of brisk intravascular hemolysis, 


TABLE 37.12 Clinical and Laboratory 
Features Suggestive of Hemolytic Anemia 


Pallor 

Icterus 

splenomegaly 

Gallstones 

History of neonatal icterus 

Positive family history of anemia, splenectomy, cholecystectomy 
T Reticulocyte count 

T RDW (due to T reticulocyte count) 

Abnormal RBC morphology 

T Indirect bilirubin (normal direct bilirubin) 

j Serum haptoglobin level 

T Urinary urobilinogen level 

Hemoglobinuria (+ dipstick test result for blood; no RBCs in urine) 
T LDH level 


LDH, lactate dehydrogenase; RBC, red blood cell; RDW, red blood 
cell distribution width. 


TABLE 37.13 Hemolytic Anemia: 
Diagnostic Clues Based on Red Blood Cell 
Structure 


sickle cells: sickle cell disease 
Target cells: hemoglobinopathies (HbC, HbS, thalassemia), liver disease 
schistocytes/burr cells/helmet cells/RBC fragments: microangiopathic 


hemolytic anemia—DIC, HUS, TTP 
spherocytes: hereditary spherocytosis, autoimmune hemolytic anemia 
Cigar-shaped cells: hereditary elliptocytosis 
“Bite” cells: G6PD deficiency 
Poikilocytosis, microcytosis, fragmented erythrocytes, elliptocytes: hereditary 
pyropoikilocytosis 


DIC, disseminated intravascular coagulation; G6PD, glucose-6- 
phosphate dehydrogenase; Hb, hemoglobin; HUS, hemolytic uremic 
syndrome; RBC, red blood cell; TTP, thrombotic thrombocytopenic 
purpura. 


haptoglobin may be depleted and free hemoglobin may be filtered by 
the kidney resulting in a pink appearance of the urine. A urinary dip- 
stick test result is positive for blood, but the microscopic examination 
of the urinary sediment does not demonstrate intact RBCs. 

Disturbances of any of the 3 key components of the RBC—the 
membrane, enzymes, and hemoglobin—may lead to ongoing or inter- 
mittent hemolysis. 

Membrane defects. The prototypic intrinsic membrane defect is 
hereditary spherocytosis, which is an inherited disorder that can be 
inherited as autosomal dominant or autosomal recessive, or be a new 
mutation. This disorder occurs in approximately 1/5000 live births. It 
is seen most typically in individuals of Northern European descent, but 
may be identified in any population. The basic defect is an abnormality 
of a membrane protein (spectrin, protein 3, or ankyrin) that allows the 
RBC membrane to lose its redundancy and the usual biconcave disk 
shape resulting in a small, dense cell of spheroid configuration (Fig. 
37.2D). Hemolysis occurs because the spheroid RBCs are far less dis- 
tensible and are unable to successfully traverse the microcirculation of 
the spleen. Characteristic clinical findings include anemia, reticulocy- 
tosis, and the presence of abundant microspherocytes on peripheral 
smear. Associated nonspecific findings of chronic hemolysis are often 


present including pallor, icterus, and splenomegaly. The family history 
is often positive for anemia, splenectomy, or cholecystectomy. 

Newborns with hereditary spherocytosis frequently develop jaun- 
dice within the first 24 hours after birth necessitating phototherapy 
and occasionally exchange transfusion. Diagnosis may be confirmed 
by an osmotic fragility test reflecting the limited capacity of the RBC 
to expand when incubated in a hypotonic solution. The clinical spec- 
trum of disease is broad. Some patients have mild, well-compensated 
hemolysis and their condition is detected during their adult years after 
a diagnosis in 1 of their children. Other patients may have brisk hemo- 
lysis during infancy necessitating intermittent transfusion support. 
Most patients have a disease course characterized by mild to moderate 
anemia, reticulocytosis, and splenomegaly. Patients are susceptible to 
exacerbations of anemia as a result of virus-induced hyperhemolysis 
or transient RBC hypoplasia. Parvovirus B19 may cause superimposed 
transient RBC hypoplasia of about 1 week’s duration, resulting in 
moderate to severe anemia that requires transfusion. 

Hereditary elliptocytosis represents a heterogeneous group of 
inherited disorders characterized by variable chronic hemolysis and 
abundant elliptical RBCs on peripheral smear. The clinical and labora- 
tory findings are similar to those seen in hereditary spherocytosis. 
Splenectomy is appropriate in patients with moderate to severe hemo- 
lytic disease. 

Hereditary pyropoikilocytosis is an autosomal recessive mem- 
brane disorder that manifests in the newborn period and is character- 
ized by marked jaundice and anemia, reticulocytosis, and striking 
aberrations of RBC structure (Table 37.13). Hemolysis lessens with 
advancing age. 

Enzyme defects. The most common RBC enzyme defect is G6PD 
deficiency. An X-linked disorder, G6PD deficiency occurs most com- 
monly in individuals of African and Mediterranean descent and should 
always be considered in the differential diagnosis of acute hemolytic 
anemia in boys. Deficiency of G6PD activity renders hemoglobin sus- 
ceptible to oxidant insult leading to precipitation of hemoglobin, 
membrane damage, and ultimately RBC destruction. Oxidant injury 
may occur because of intercurrent infection or ingestion of various 
substances, including medications (i.e., classically sulfa drugs), toxins, 
and foods such as fava beans (Table 37.14). 

The common African variant of G6PD, termed G6PD deficient 
variant A—, is not necessarily associated with chronic hemolysis but 
usually manifests as mild acute hemolytic anemia related to specific 
precipitating factors. Rarely is hemolysis sufficiently severe to warrant 
transfusion therapy. Patients are often incidentally found to be anemic 
with evidence of an appropriate reticulocyte response. A peripheral 
blood smear may demonstrate “bite” cells as portions of the RBC 
(precipitates of hemoglobin) are removed by reticuloendothelial cells 
(Fig. 37.7). G6PD enzyme assay is necessary for the establishment of a 
diagnosis, but the test must be performed on a sample that has been 
depleted of reticulocytes because newly released RBCs have large 
amounts of G6PD. The Mediterranean variety of G6PD deficiency 
tends to be more severe and may be associated with chronic hemolysis 
as well as with superimposed acute events caused by infection or medi- 
cation leading to symptomatic anemia and the occasional need for 
transfusion therapy. 

Although rare, pyruvate kinase deficiency (PKD) is the second 
most common enzyme deficiency after G6PD deficiency. Inheritance 
of PKD is autosomal recessive. PKD is characterized by absence of or 
significantly reduced levels of the intracellular RBC enzyme, pyru- 
vate kinase. Lack of this enzyme leads to decreased levels of ATP 
and subsequent brisk hemolysis. The clinical spectrum of PKD is 
variable but can result in severe chronic hemolytic anemia that is 
present in utero and postnatally. In its most severe form, hemolysis 
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TABLE 37.14 Factors Known to Promote 
Hemolysis in Patients with G6PD Deficiency 


Viral or bacterial infection 

Fava beans 

Vitamin C (large doses) 

Mothballs (naphthalene) 

Benzene and other volatiles 

Medications 
Sulfonamides * 
Antimalarial drugs’ 
Nitrofurantoin 
Nalidixic acid 
Chloramphenicol 
Vitamin K analogs 
Methylene blue 
High-dose aspirin 
Stibophen 
Niridazole 
Probenecid 
Dimercaprol (BAL) 
Toluidine blue 
Phenylhydrazine 


*Sulfanilamide, sulfapyridine, sulfadimidine, sulfacetamide, 
sulfafurazole, salicylazosulfapyridine (Azulfidine), dapsone, sulfoxone, 
septrin. 

'Primaquine, pamaquine, chloroquine (use with caution). 

G6PD, glucose-6-phosphate dehydrogenase. 


FIGURE 37.7 “Bite” cells and burr cells as seen in G6PD deficiency 
hemolysis. G6PD, glucose-6-phosphate dehydrogenase. 


is extremely brisk, and it is not uncommon for patients with PKD 
to maintain reticulocyte counts of 40% or higher. Peripheral blood 
smear may demonstrate spiculated RBCs. Specific enzyme assay can be 
performed by specialized laboratories to aid in the diagnosis. Patients 
with PKD usually require lifelong RBC transfusions that often result 
in transfusional iron overload. Splenomegaly is often present and 
splenectomy can ameliorate the condition and decrease the number 
of required transfusions. Patients with PKD are also extremely sus- 
ceptible to transient RBC hypoplasia caused by parvovirus B19 
infection. 

Hemoglobinopathies. Hemoglobinopathies usually occur as a 
result of a single amino acid substitution in o- or B-globin chains. 
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Hemoglobinopathies are among the most common causes of chronic 
hemolytic disease. &- and B-Thalassemia syndromes were previously 
discussed. Sickle cell syndromes are the most frequently encountered 
hemoglobinopathies. 

The sickle hemoglobinopathy syndromes are a group of genetically 
inherited disorders encountered most frequently in individuals of 
African descent. Thus, a form of sickle cell disease should be consid- 
ered in the differential diagnosis of anemia in any African-American 
child. These disorders occur less frequently in individuals of Mediter- 
ranean or Arabic background. 

Sickle hemoglobin is characterized by a single amino acid substitu- 
tion of the B-globin chain, namely valine for glutamic acid in the 
number 6 position. Sickle hemoglobin has a tendency to form insolu- 
ble fibers and polymerization within the RBC when deoxygenated. 
This ultimately leads to the formation of the characteristic crescent- 
shaped sickled erythrocytes (Fig. 37.8). When sickle hemoglobin trait 
is inherited from both parents in an autosomal recessive fashion the 
child has homozygous Hemoglobin SS disease. This is the most severe 
form of sickle cell disease. Sickle hemoglobin may also be co-inherited 
with other B-globin gene defects such as hemoglobin Cor B-thalassemia 
and give rise to other heterozygous forms of sickle cell disease that can 
be less severe than Hemoglobin SS disease. Approximately 1/400 
African-Americans has sickle cell disease. 

Approximately 8% of African-Americans are carriers of the hemo- 
globin S gene, which is also termed sickle cell trait. Sickle cell trait is 
rarely associated with clinical disease except under states of unusually 
severe arterial hypoxemia. Spontaneous hematuria may occasionally 
occur in sickle trait as a result of the induction of sickling in the 
extremely hypertonic environment of the renal medulla. Patients with 
sickle cell trait are distinctly not anemic and have a normal peripheral 
blood smear. 

The diagnosis of sickle cell disease is usually straightforward. Chil- 
dren are variably anemic with reticulocytosis. The peripheral blood 
smear demonstrates characteristic sickled erythrocytes (Fig. 37.8). The 
definitive diagnosis must be established by hemoglobin identification 
methods (Table 37.15). The hemoglobin solubility test (sickle prepara- 
tion, Sickledex) should not be used to make the diagnosis as false- 
negative tests can occur. Diagnosis in newborns is routinely and 
accurately performed in most locations within the United States 
as a component of state-mandated universal neonatal screening 
programs. 

Sickle cell disease is a multiorgan system disease. The clinical mani- 
festations are extremely broad but generally include (1) chronic hemo- 
lytic anemia, (2) vasoocclusion resulting in ischemic injury to tissue, 
and (3) susceptibility to infection (Table 37.16). Infants younger than 
4-6 months usually show no clinical manifestations because of natu- 
rally high levels of fetal hemoglobin. By 1-2 years of age, most affected 
patients have had a specific sickle cell—related manifestation. 

Patients may appear variably pale and icteric depending on the 
degree of hemolysis. Splenomegaly can be seen in children between 6 
and 36 months of age in patients with hemoglobin SS disease and may 
persist into adolescence in some patients with milder variants (SC 
disease, S-B*-thalassemia). Autoinfarction from microvascular occlu- 
sion ultimately leads to fibrosis of splenic tissue by age 3-4 years in 
most patients with hemoglobin SS disease. Gallstones occur regularly 
and may lead to symptoms of cholelithiasis, acute cholecystitis, biliary 
tract obstruction, and/or pancreatitis. Many patients have delayed 
growth and pubertal development, but ultimately achieve normal adult 
height. Exacerbation of anemia can occur as a result of infection- 
induced hyperhemolysis or transient RBC aplasia commonly associ- 
ated with parvovirus B19 infection. Hyperhemolytic episodes may also 
occur in male patients with concomitant G6PD deficiency. RBC 


FIGURE 37.8 Sickle cell anemia. A and B, Sickled erythrocytes and 
target cells. 


TABLE 37.15 Hemoglobin Electrophoresis 
Diagnosis of Sickle Hemoglobinopathy 


Disease Hemoglobin Type 
Normal A 

SS disease 
S trait 


SC disease 


S (no hemoglobin A) 
A + S (about equal proportions) 
Š + C (about equal proportions) 


S-B-thalassemia 


S > A (S predominant hemoglobin) 


transfusions are necessary when progressive anemia is accompanied by 
significant clinical symptoms and definitely in the context of RBC 
aplasia. 

Hemoglobin E is seen with considerable frequency among indi- 
viduals of Asian descent. Hemoglobin E trait is characterized by mild 
anemia and mild microcytosis. There are no significant clinical impli- 
cations. The diagnosis is confirmed by hemoglobin electrophoresis. 
When hemoglobin E occurs in the double heterozygous state with 
B-thalassemia, patients often have a moderately severe thalassemic syn- 
drome; hence, genetic counseling is advisable. 

Acquired autoimmune hemolytic anemia. This condition may 
occur as a transient, postviral process or in conjunction with underly- 
ing immunologic dysfunction (immunodeficiency, human immuno- 
deficiency virus [HIV] infection, lymphoid malignancy). Hemolysis is 
usually brisk; thus, most patients are symptomatic and present with 
pallor, jaundice, fatigue and tachycardia. Splenomegaly is variably 


TABLE 37.16 Clinical Manifestations of 
Sickle Cell Anemia 


Manifestation Comments 


Anemia Chronic onset, 3—4 mo of age; folate therapy may 
be required for chronic hemolysis; hematocrit 


usually 18-26% 


Parvovirus infection, reticulocytopenia, acute and 
reversible 


Aplastic crisis 
Sequestration crisis Massive splenomegaly, shock; treat with 


transfusion 

Hemolytic crisis May be associated with G6PD deficiency 

Dactylitis Hand-foot swelling in early infancy 

Painful crisis Microvascular painful vasoocclusive infarctions of 
muscle, bone, bone marrow, lung intestines 

Cerebral vascular 


accidents 


Large- and small-vessel sickling and thrombosis 
(stroke); necessitates chronic transfusion 

Acute chest 
syndrome 


Infection, infarction, hypoventilation, bone marrow 
emboli, severe hypoxemia, infiltrate, dyspnea, 
rales 


Chronic lung disease Pulmonary fibrosis, restrictive lung disease, cor 
pulmonale 


Priapism 


Causes eventual impotence; treat with transfusion, 
oxygen, or corpora cavernosa to spongiosa shunt, 
local injection of o-adrenergic agents 


Ocular Retinopathy 


Gallbladder disease Bilirubin stones; cholecystitis 


Renal Hematuria, papillary necrosis, renal-concentrating 
deficit; nephropathy 


Cardiomyopathy Heart failure (fibrosis) 


Leg ulceration seen in older patients 


Infections Functional asplenia, defects in properdin system; 
pneumococcal bacteremia, meningitis and 
arthritis; deafness from meningitis in 35%, 
Haemophilus influenzae sepsis. Salmonella and 
Staphylococcus aureus osteomyelitis; severe 
Mycoplasma pneumonia; Escherichia coll; urinary 
tract infection; transfusion-acquired (HIV; 


hepatitis A, B, C, D and E; EBV; CMV) 


Growth failure, May respond to nutritional supplements 


delayed puberty 
Psychologic problems Narcotic addiction, dependence unusual, chronic 


illness 


*Clinical manifestations with sickle cell trait are unusual but include 
renal papillary necrosis (hematuria), sudden death on exertion, 
intraocular hyphema extension, and sickling in unpressurized 
airplanes. 

CMV, cytomegalovirus; EBV, Epstein-Barr virus; G6PD, glucose-6- 
phosphate dehydrogenase; HIV, human immunodeficiency virus. 
Modified from Scott JP. Hematology. In: Behrman RE, Kliegman RM, 
eds. Nelson Essentials of Pediatrics. 2nd ed. Philadelphia: WB 
Saunders; 1994:530. 


present. The degree of anemia is highly variable, and the reticulocyte 
count is elevated in most patients; however, a minority of patients 
present with a low reticulocyte count because of immune destruction 
of reticulocytes. The peripheral smear demonstrates microspherocytes. 
The direct Coombs test is positive confirming the diagnosis. 
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Consideration should be given to evaluating immunologic dysfunc- 
tion, infection, and malignancy (immunoglobulin [Ig] levels, T and B 
lymphocyte counts, HIV and Epstein-Barr virus studies, chest radiog- 
raphy). The characteristics of the antibody types are noted in Table 
37.17. Warm antibodies (usually IgG) may be idiopathic or associated 
with lymphoma, HIV or Epstein-Barr virus infections, rheumatologic 
disorders, or most likely a nonspecific infectious phenomenon. Cold 
antibodies (usually IgM) may also be seen in response to viral infec- 
tions, Mycoplasma pneumoniae and syphilis infections, or in the 
context of autoimmune disorders. 

Aggressive therapy is recommended because life-threatening 
anemia is known to occur. Corticosteroids (prednisone) should be 
administered if the patient is found to have warm autoimmune hemo- 
lytic anemia. RBC transfusion should be considered based on the 
degree of the anemia; however, cross-matching blood is likely to be 
difficult due to the autoantibody. Intravenous immunoglobulin and 
high-dose steroids (methylprednisolone) should be considered in 
severe cases. Frequent hemoglobin monitoring and reticulocyte counts 
should be done to follow the rate of hemolysis. The role of steroids in 
the treatment of cold autoimmune hemolytic anemia is less clear and 
is classically reserved for prolonged cases requiring frequent RBC 
transfusions. Recombinant antibodies directed to B lymphocytes such 
as rituximab have been effective in refractory cases. 


ANEMIA IN THE NEONATE 


Neonatal anemia should be viewed in the context of 3 possible patho- 
physiologic pathways (Table 37.18): (1) acute blood loss, (2) anemia 
of underproduction, and (3) anemia associated with increased destruc- 
tion. Familial genetic disorders may manifest in the neonatal period or 
any time during infancy (Table 37.19). 

The full-term infant has a normal hemoglobin value (hemoglobin, 
15-21 g/dL; hematocrit, 45-65%) that is substantially higher than that 
in older infants and young children. This finding represents a func- 
tional adaptation to the relatively hypoxic in utero environment. The 
reticulocyte count is elevated to about 7-8% during the 1st 3 days of 
life, after which there is an abrupt cessation of erythropoiesis until 2 
months of age, when a physiologic hemoglobin nadir of about 9.5-10 g/ 
dL is reached. This physiologic anemia of infancy is exaggerated in 
preterm infants whose hemoglobin levels may fall to approximately 
7 g/dL at about 1-1.5 months of age. This fall in hemoglobin value 
represents a physiologic response to the oxygen-rich extrauterine 
environment. 


Neonatal Anemia Caused by Blood Loss 


Anemia caused by blood loss is often obvious. It occurs in placenta 
previa, abruptio placentae, or a large cephalohematoma. Other etiolo- 
gies of hemorrhage may be occult and include intracranial and intra- 
hepatic hematomas. Internal hemorrhage is much more likely to occur 
in difficult, traumatic deliveries. Twin-twin transfusion may occur 
leading to anemia in 1 infant and polycythemia in the other. Fetal- 
maternal hemorrhage is sufficiently severe to cause anemia in only a 
small percentage of neonates. The Kleihauer—Betke test may detect the 
presence of fetal RBCs in the maternal circulation, but may yield false- 
negative results, particularly in mothers with type O blood who have 
antibodies against infant A, B, or AB blood cells. Fetal-maternal hem- 
orrhage must always be suspected when otherwise unexplained anemia 
occurs in a newborn. 

The time course and extent of blood loss determine the clinical 
presentation. If blood loss is mild or chronic, infants may appear 
normal or have mild pallor and tachycardia. In the event of severe acute 
blood loss, the newborn may present with signs of acute illness 
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TABLE 37.17 Characteristics of Antibodies in Immune Hemolytic Anemia 


Cold Agglutinin 


Warm-Antibody Disease 


Antibody isotype IgG(rarely IgA) IgM 
Optimum temperature of reaction 37°C Ü G 
HOEL 


None (rarely +) 


Direct Coombs test C3 only 


Agglutination in saline +++ 
Lysis by complement in vitro Rare Poor 

Clinical severity Mild to very severe 
Response to prednisone Often None 


Response to splenectomy Often Rare 


Mild to moderate 


Paroxysmal Cold Drug Related 
Hemoglobinuria Immune, Type 1 Immune, Type ll 


IgG IgG IgM, IgG 
0°C ciate Gide 
C3 only 


Drug Related 


IgG only C3 only 
+ 0 to + 

Well None 

Moderate to severe Mild to moderate 
Often If needed 


None Not needed 


0 to +4 (with drug) 
sometimes well 
Mild to severe 

Not needed 

Not needed 


IgA, IgG, and IgM, immunoglobulins A, G, and M; +, strength of agglutination response. 
From Rose MG, Berliner N. Disorders of red blood cells. In: Andreoli TE, Carpenter CJ, Bennett JC, et al., eds. Cecil Essentials of Medicine. 4th 


ed. Philadelphia: WB Saunders; 1997:389. 


TABLE 37.18 Anemia in the Neonate 


Blood Loss (Common) 

Placenta previa 

Abruptio placentae 

Twin-twin transfusion 

Fetal—maternal hemorrhage (acute versus chronic) 
Neonatal hemorrhage 


Decreased RBC Production (Unusual) 
Diamond-Blackfan anemia 

Congenital leukemia 

Transient myeloproliferative syndrome in Down syndrome 


Osteopetrosis 


Hemolysis 

Intrinsic RBC defect (uncommon) 
Membrane (hereditary spherocytosis or elliptocytosis) 
Enzyme (G6PD, PK) 
Hemoglobin (œ or y chain abnormality) 

Extrinsic RBC defect 
Immune (ABO, Rh, minor group incompatibilities) (common) 
Infection (intrauterine infection, bacterial, viral, protozoal) 
DIC 
Kasabach—Merritt syndrome 
Galactosemia 


DIC, disseminated intravascular coagulation; G6PD, glucose-6- 
phosphate dehydrogenase; PK, pyruvate kinase; RBC, red blood cell. 


including lethargy, tachycardia, hypotension, and respiratory distress. 
The hemoglobin value is a poor index of the severity of acute blood 
loss because equilibration of fluid compartments may take 24-36 
hours. Blood loss as a cause of anemia should always be suspected in 
cases of obstetric complications, multiple births, or difficult and trau- 
matic deliveries. In cases of severe blood loss, emergency transfusion 
therapy is appropriate. In the neonate who is hemodynamically stable 
but has experienced significant blood loss, a more conservative 
approach is recommended. 


Neonatal Anemia Caused by Decreased Red Blood 


Cell Production 
Anemia caused by decreased RBC production in the newborn is 
unusual. Infants with congenital hypoplastic anemia (Diamond— 


Blackfan anemia) are usually only mildly anemic during the newborn 
period. Congenital leukemia is a rare disorder characterized by infiltra- 
tion of the bone marrow leading to anemia, thrombocytopenia, and 
leukocytosis in association with hepatosplenomegaly and occasionally 
cutaneous leukemic infiltrates manifesting as blue papular lesions 
(“blueberry muffin” spots). Infants with Down syndrome may present 
with a clinical and hematologic picture identical to that of congenital 
leukemia, which is a transient myeloproliferative process that sponta- 
neously remits over several months. Infantile osteopetrosis (marble 
bone disease), a disorder characterized by a limited ability to degrade 
bone, usually does not cause pancytopenia until a few months after 


birth. 


Neonatal Anemia Caused by Increased Red Blood 


Cell Destruction 

Anemia caused by increased RBC destruction (hemolytic anemia) 
places the neonate at risk for indirect hyperbilirubinemia as a result of 
the limited hepatic bilirubin-conjugating ability during the 1st weeks 
of life. Even relatively small increases in the rate of RBC destruction 
can lead to marked increases in serum bilirubin level. All infants who 
have elevations of indirect bilirubin levels above the normal range 
during the Ist 3 days of life should be evaluated for possible hemolysis, 
with a CBC, reticulocyte count, peripheral blood smear, maternal and 
infant blood type assessments, and direct Coombs test. 

Intrinsic disorders of the erythrocyte may manifest in the neonate. 
Infants with hereditary spherocytosis, pyropoikilocytosis, or elliptocy- 
tosis may develop anemia and extreme hyperbilirubinemia that neces- 
sitates phototherapy and, rarely, exchange transfusion. A peripheral 
blood smear and family history may be helpful in identifying an intrin- 
sic RBC membrane defect. 

G6PD deficiency can occur in newborn boys (rarely girls) of African 
or Mediterranean descent. Because of the increased susceptibility of 
neonatal RBCs to oxidant injury, anemia, reticulocytosis, and hyper- 
bilirubinemia may occur without an obvious precipitating oxidant 
insult. Hemoglobinopathies rarely manifest during the neonatal 
period. B-globin chain defects such as sickle cell disease and thalasse- 
mia are not clinically apparent until about 4-6 months of age because 
of the predominance of fetal hemoglobin in the perinatal period. 

Severe o-thalassemia, including a-thalassemia major or hemoglo- 
bin Bart’s disease, can affect the fetus. Such infants develop severe in 
utero anemia with resultant hydrops fetalis because of the limited 
ability of hemoglobin Bart’s to release oxygen to tissues. 

Isoimmune hemolytic anemia is the most common cause of 
hemolytic anemia in the newborn. It is caused by incompatibility 
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TABLE 37.19 Genetic Disorders Associated with Anemia in the Neonate 


Syndrome 
Diamond-Blackfan syndrome 


Fanconi anemia 


Aase syndrome 


Pearson syndrome 


Lethal osteopetrosis 


Congenital dyserythropoietic 
anemia (CDA) 


Peutz—Jeghers syndrome 
Dyskeratosis congenita 


X-linked o-thalassemia/ 
mental retardation (ATR-X 
and ATR-16) syndromes 


Genetic Characteristics 


Autosomal recessive (AR); sporadic mutations 
and autosomal dominant (AD) inheritance 
have been described 

AR, probably abnormalities in multiple genes 
(at least 5 genetic subtypes have been 
identified) 

AR, possible AD 

Mitochondrial DNA abnormalities, X-linked or 
AR 

AR, caused by defective resorption of 
immature bone 

AR 


AD 

X-linked recessive, locus on Xq28; some cases 
with AD inheritance 

ATR-X: X-linked recessive, mapped to Xq13.3: 
ATR-16: mapped to 16p13.3; deletions of 
&-globin locus 


Thrombocytopenia with absent AR 
radius (TAR) syndrome 


Osler hemorrhagic 
telangiectasia syndrome 


AD, mapped to 9q33-34 


Hematologic Phenotype 
Steroid-responsive hypoplastic anemia after 5 mo of age 


Steroid-responsive hypoplastic, macrocytic anemia 
DNA is hypersensitive to injury 


Steroid-responsive hypoplastic anemia; macrocytic; improves with age 
Hypoplastic sideroblastic anemia unresponsive to pyridoxine 


Hypoplastic anemia due to marrow encroachment 


Type |: megaloblastoid erythroid and nuclear chromatin bridges between cells 

Type Il: hereditary erythroblastic multinuclearity and positive acidified serum 
test results (HEMPAS) 

Type Ill: erythroblastic multinuclearity and macrocytosis 


lron deficiency, anemia from chronic blood loss 
Hypoplastic anemia; usually present between 5 and 15 yr of age 


ATR-X: hypochromic, microcytic anemia, mild form of hemoglobin H disease; 
ATR-16: more significant hemoglobin H disease and anemia are present 


Hemorrhagic anemia, possibly hypoplastic anemia as well 


Hemorrhagic anemia 


From Ohls RK. Evaluation and treatment of anemia in the neonate. In: Christensen RD, ed. Hematologic Problems of the Neonate. Philadelphia: 


Saunders; 2000:153. 


between maternal and fetal blood groups, including Rh, ABO, or 
minor blood group antigens. In Rh incompatibility, the mother is Rh 
negative and the infant is Rh positive (inherited from the father). If 
the mother has been exposed to Rh-positive blood cells through prior 
pregnancy, miscarriage, therapeutic abortion, or mismatched blood 
transfusion, IgG antibodies may develop that traverse the placenta 
and cause immune destruction of fetal Rh-positive cells. In such 
instances hemolysis occurs in utero and in the neonatal period. In 
severe circumstances the fetus may be extremely anemic, which results 
in heart failure, hydrops fetalis, and death. In less serious instances 
infants may be born quite anemic and develop brisk hyperbilirubi- 
nemia, which can lead to kernicterus. The severity of Rh immune 
hemolytic disease increases with successive pregnancies. This disorder 
is uncommon because of the routine practice of administering Rh 
immunoglobulin to Rh-negative mothers who are 28-30 weeks preg- 
nant and within 72 hours of delivery or after spontaneous or thera- 
peutic abortion. Prenatal management of the affected fetus may 
include spectrophotometric assessment of amniotic fluid as an assess- 
ment of fetal bilirubin level and in high-risk situations serial fetal 
hemoglobin levels obtained by ultrasonographically guided aspiration 
of umbilical cord blood (cordocentesis). When the fetus demonstrates 
progressive in utero severe anemia, intrauterine intravascular blood 
transfusion therapy has been shown to decrease the risk for fetal 
demise. Management of the neonate relates largely to the severity of 
the hemolysis. Hyperbilirubinemia must be treated aggressively with 
phototherapy and if severe, exchange transfusion. RBC transfusions 
are appropriate for symptomatic anemia. On occasion, anemia is 
detected several weeks after Rh hemolysis and may be associated with 


a profoundly depressed reticulocyte count. This late anemia is of 
uncertain origin, but inappropriately low erythropoietin levels have 
been noted. Symptomatic infants may require transfusion therapy. 
Affected infants have been successfully treated with human recombi- 
nant erythropoietin. 

Immune incompatibility in the ABO system is common and usually 
occurs when mothers with type O blood have newborns whose blood 
type is A or B. The degree of hemolysis is usually much less severe than 
in Rh disease. Fetal hydrops is extremely rare. Most babies with ABO 
incompatibility manifest jaundice from indirect hyperbilirubinemia 
during the 1st 1-2 days after birth. Hemoglobin levels are often within 
the normal to mildly anemic range, but moderate anemia occasionally 
occurs. The reticulocyte count is usually mildly elevated, and the 
peripheral blood smear may show microspherocytes. Results of the 
Coombs test are usually weakly or moderately positive, but false- 
negative results do occur. Treatment is generally directed toward 
hyperbilirubinemia and may require phototherapy. Intravenous 
immunoglobulin therapy has been helpful in some selected patients. 
Exchange transfusion is rarely necessary. Anemia occasionally neces- 
sitates blood transfusion. Immune incompatibility may also occur on 
the basis of minor blood groups antigens such as the Duffy or Kell 
antigen systems. Clinical and laboratory findings are similar to those 
in ABO hemolytic disease except that the direct Coombs test result is 
usually strongly positive. 

Other causes of hemolytic anemia in the newborn include bacterial 
sepsis and intrauterine infection (cytomegalovirus, toxoplasmosis, 
herpes, rubella, and syphilis). Intrauterine infectious syndromes can 
cause mild to moderate hemolytic anemia of several months’ duration. 
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Such infants may demonstrate physical stigmata including small size 
for gestational age, microcephaly, chorioretinitis, hepatosplenomegaly, 
intracranial calcifications, and “celery stalking” of the long bones on 
radiographic study. 

Microangiopathic hemolytic anemia can occur in the newborn as 
a result of disseminated intravascular coagulation (DIC). In the 
neonate, DIC is usually caused by serious infection, hypoxemia result- 
ing from respiratory distress syndrome in the preterm infant, or ische- 
mic tissue injury related to birth asphyxia. Newborns with hemolysis 
resulting from infection or DIC are often extremely ill and require RBC 
transfusion support. 

Microangiopathic hemolytic anemia and consumptive thrombocy- 
topenia can occur in the Kasabach—Merritt syndrome, which is 
associated with cavernous hemangiomas and localized intravascular 


Normal or elevated reticulocyte count (>5-10%) 


Coombs' positive Coombs' negative 
lsoimmunization: Blood smear 


Rh (D antigen) 
ABO2G Cc =. € 


Specific RBC 
Duffy, Kell vsmorpholoq 
Other minor group enone 
Drug-induced (PCN) See 
Poikilocytes 
Stomatocytes 
Fragmentation 


Basophilic stippling 
Obtain incubated «— Spherocytes 
osmotic fragility test 


Y 


Infections 

Bacterial infections G6PD 
Blood cultures, Parvovirus B19 Pyruvate kinase 
obtain maternal TORCH infections Hexokinase 


serum for IgG, Syphylis 
HIV, RPR/FTA Malaria Others 1 
RBC morphology HIV 


Obtain specific enzyme assay 


Normal RBC morphology 


Congenital Enzymatic Defects 


coagulation. Some infants have obvious expansive cutaneous and sub- 
cutaneous lesions, but occult visceral hemangiomas, particularly in the 
liver, can occur. The peripheral blood smear demonstrates evidence of 
RBC fragments and burr cells. Kasabach—Merritt syndrome may neces- 
sitate treatment with plasma and platelet transfusions if consumptive 
coagulopathy is severe. Corticosteroids and interferon therapy have 
been helpful in some affected infants. 

The diagnostic approach to anemia in the neonate requires a careful 
assessment of maternal, prenatal, and perinatal history as well as the 
clinical status of the neonate (Fig. 37.9). CBC, reticulocyte count, 
peripheral blood smear, maternal and infant blood types, and direct 
Coombs tests are virtually always necessary laboratory studies. Other 
studies must be dictated by the clinical and initial laboratory 
findings. 


Low reticulocyte count (0-2%) 


Diamond-Blackfan 

Aase syndrome 

Congenital dyserythropoietic anemias 
Refractory sideroblastic anemia 
Transcobalamin Il deficiency 

Orotic aciduria 


Obtain bone marrow 


Hypochromic 
Microcytic RBCs 


Chronic fetomaternal bleed 
Chronic twin-to-twin transfusion 
ATR-X and ATR-16 
Alpha-thalassemia trait 
Gamma-thalassemia 


Consider acute blood loss due | 
to obstetric complications, , 

: Obtain 
external or internal hemorrhage, ham a bi 
DIC/sepsis, bleeding dyscrasias 9 I 

electrophoresis, 
KB stain 


Other 

Galactosemia 

Alpha or gamma chain hemoglobinopathies 
Acidosis 

Osteopetrosis 

Congenital leukemia 

Drugs (valproic acid, oxidizing agents) 


Glucose phosphate isomerase 


FIGURE 37.9 Differential diagnosis of neonatal anemia. The physician first seeks information from the 
family, maternal, and labor and delivery histories and then obtains initial laboratory tests: hemoglobin, reticu- 
locyte count, blood type, direct Coombs test, peripheral smear, red blood cell (RBC) indices, and bilirubin 
concentration. Results are used to navigate the diagnostic flow chart. ATR-16, o-thalassemia retardation 
syndrome, chromosome 16-—linked; ATR-X, a-thalassemia retardation syndrome, X-linked; DIC, disseminated 
intravascular coagulation; FTA, fluorescent treponemal antibody test; G6PD, glucose-6-phosphate dehydro- 
genase; HIV, human immunodeficiency virus; KB, Kleihauer—Betke; PCN, penicillin; RPR, rapid plasma reagin 
test; TORCH, toxoplasmosis, other infections, rubella, cytomegalovirus, and herpes simplex. (From Ohls RK. 
Evaluation and treatment of anemia in the neonate. In: Christensen RD, ed. Hematologic Problems of the 


Neonate. Philadelphia: Saunders; 2000:162.) 
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Anemia is a common finding in children. A complete and thorough 
evaluation of clinical findings by a detailed history and physical exami- 


TABLE 37.2O Red Flags 


nation is the most important element in the establishment of a diag- Anemia Accompanied by 
nosis and in defining appropriate therapy. Abnormal vital signs (tachycardia, hypotension, hypertension) 
Anemia may be a primary event reflecting intrinsic hematologic Neutropenia and/or thrombocytopenia 
disease or it may be a manifestation of a wide variety of systemic dis- High MCV with normal RDW 
orders involving virtually any organ system. Anemia must always be Blasts on the peripheral smear 
fully evaluated in view of the potential diagnostic and therapeutic Firm adenopathy 
implications. Patients who appear acutely ill should have a more thor- Bruising or bleeding 
ough and prompt evaluation because acute blood loss must be treated Weight loss, failure to thrive 
quickly. If acute blood loss is not suspected, acute hemolysis or splenic Shortness of breath, fatigue 
sequestration of RBCs must be considered. Fever 
Anemia is often a sign of underlying acute or chronic disease. In such Hypoxia 
cases, anemia is not usually an isolated finding. Therefore, symptoms Organomegaly 
such as shortness of breath, extreme pallor, weight loss, fevers, lethargy, Edema 
and fatigue should prompt a thorough evaluation of the patient. Oliguria-anuria 
On physical examination, the findings of abnormal vital signs, Bloody diarrhea 
failure to thrive, bleeding or bruising, adenopathy, or organomegaly Red urine (hemoglobinuria) 
should lead the examiner to suspect that a potentially serious underly- Family history of anemia 
ing disorder is present (Table 37.20). When a CBC is obtained, a low — 
hemoglobin value accompanied by any abnormality of MCV, WBC, or MCV, mean corpuscular volume; RDW, red blood cell distribution 


platelet count should be taken seriously and should be more thor- vatn; 


oughly investigated. The work-up should be directed accordingly 
based on these abnormal findings. 
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Bleeding and [hrombosis 


Veronica H. Flood and J. Paul Scott 


Hemostasis is a process that maintains normal blood flow through 
healthy vessels but, when a vessel is damaged, rapidly generates a clot 
at the site of vascular injury. The major components of the hemostatic 
mechanism are the platelets, the anticoagulant proteins, the procoagu- 
lant proteins, and the various components of the vascular wall. Normal 
hemostasis is an interactive process in which each element cooperates 
closely to generate a rapid, cohesive, focused reaction. An abnormality 
of 1 element destabilizes the system, but significant clinical symptoms 
often manifest only when 2 components are affected. Typical examples 
include the patient with hemophilia who bleeds after sustaining trauma 
and the antithrombin (AT) 3—deficient woman in whom thrombosis 
develops during pregnancy. The astute clinician is aware of situations 
that may exacerbate preexisting conditions. Pretreatment of known 
predisposing conditions can prevent complications, as exemplified by 
infusion of factor 8 concentrate before and after surgery to a patient 
with hemophilia A to prevent excessive bleeding. Table 38.1 shows 
common bleeding symptoms and the most common disorders that 
trigger these symptoms. 


COAGULATION CASCADE 


Two opposing systems generate local clots but limit the clot to the area 
of vascular damage. Fig. 38.1 shows the sequence of activation of 
coagulation. The cascade is capable of rapid response because genera- 
tion of a small number of activated factors at the “top” of the cascade 
leads to thousands of molecules of thrombin. Deficiencies of proteins 
at or below factors 11 or 7 in the coagulation cascade sequence result 
in clinical bleeding symptoms, whereas deficiencies of factor 12, 
prekallikrein, and high—molecular-weight kininogen do not. The coag- 
ulation mechanism is continuously generating a small amount of 
thrombin. If there is trauma, tissue factor and factor 7 combine to 
activate factor 10 to factor 10a both directly and indirectly via factor 
9. Factor 10a then forms a complex on a membrane surface (provided 
by the activated platelet) with factor 5 and calcium, which results in 
more thrombin generation. Platelets stick to areas of vessel injury, thus 
restricting thrombin generation and clot formation to the area of 
damage. 

Thrombin exerts positive feedback on the system by acting on 
factor 11 to trigger the intrinsic system, cleaving factors 5 and 8 to 
activate them, further accelerating thrombin generation, aggregat- 
ing platelets, and activating factor 13. In this model, coagulation is 
always “turned on” and therefore, reacts faster than if it were static 
and suddenly had to initiate a series of reactions to trigger clot for- 
mation. This dynamic concept underscores the impact of deficien- 
cies in anticoagulant protein as the system is continuously generating 
thrombin. A deficiency of an inhibitory enzyme or a cofactor removes 
part of the “brakes” on the system and causes increased thrombin 
generation. 


682 


COAGULATION INHIBITORS 


Four key systems interact to inhibit the coagulation mechanism: 
. AT 

e Protein C/S system 

° Fibrinolytic system 

° Tissue factor pathway inhibitor (TFPI) 


Antithrombin 


AT is a member of the serine protease inhibitor family (serpins) that 
inhibits thrombin, factor 10a, and, less efficiently, factors 9a and 11a. 
When AT is bound to heparin, this reaction is accelerated 1000-fold. 
AT is the active anticoagulant operative during heparin therapy; if AT 
is deficient, heparin therapy may fail. Heparin-like molecules are syn- 
thesized by endothelial cells and interact with AT on the vessel wall to 
inhibit coagulation. Both congenital and acquired AT deficiencies are 
associated with a predisposition toward thrombosis. AT is consumed 
during clotting. 


Protein C/Protein S System 


The protein C/protein S system is complex and limits clot extension 
by inactivating the rate-limiting coenzymes of the coagulation cascade, 
factors 5 and 8. To prevent extension of the clot, the anticoagulant 
mechanism must limit thrombin formation to areas of vascular 
damage. As a 1st step, thrombin binds to the protein thrombomodulin 
on intact endothelial cells. Thrombomodulin-bound thrombin then 
converts protein C into its activated form, activated protein C (APC). 
APC then combines with protein S to inactivate factors 5 and 8. In 
addition, APC may promote fibrinolysis. Thrombin itself is inactivated 
when bound to thrombomodulin and simultaneously augments the 
anticoagulant response by generating APC. APC limits the amount of 
thrombin that can be generated subsequently. 

AT3, protein C, and protein S are important inhibitors of clotting 
because deficiencies of each of these proteins, either inherited or 
acquired, are associated with an increased risk for thrombosis. A muta- 
tion in factor 5 (factor 5 Leiden) that makes it less susceptible to 
proteolysis by APC (resistance to APC) is the most common hereditary 
predisposition to thrombosis. TFPI is an inhibitor of factor 7a 
(Fig. 38.2). 


Fibrinolytic System 

The fibrinolytic system dissolves and removes clots from the vascular 
system so that normal flow through vessels can be restored. Endothelial 
cells synthesize 2 activators of plasminogen: tissue-type plasminogen 
activator (TPA) and urokinase, both of which convert plasminogen to 
plasmin, the enzyme that degrades fibrin. Normally, plasminogen acti- 
vator and its inhibitor, plasminogen activator inhibitor, are synthesized 
in equimolar amounts and are released from endothelial cells in 
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Procoagulants 
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FIGURE 38.1 The coagulation cascade and the critical positive feedback role of factor lla (thrombin) (T) on 
multiple aspects of the coagulation cascade. In addition, thrombin aggregates platelets and thereby contrib- 
utes to platelet plug formation. The dotted line connecting factor 7a with factor 9 depicts the physiologic 
pathway of factor 9 activation in vivo. Factor 8 circulates bound to von Willebrand factor. After activation by 
thrombin, factor 8a can participate with factor Ya in the activation of factor 10. Factor 13a cross-links fibrin 
and stabilizes the fibrin clot. Ca**, calcium; PL, platelet phospholipid surface; TF, tissue factor. (Modified from 
Montgomery RR, Scott JP. Hemorrhage and thrombotic diseases. In: Behrman RE, Kliegman RM, Jenson 
HB, eds. Nelson Textbook of Pediatrics. 16th ed. Orlando, FL: WB Saunders; 1999:1505.) 


TABLE 33.1 Common Causes of Clinical parallel, leading to minimal amounts of active fibrinolysis. Increased 
Bleeding Symptoms activation or damage to the vascular system can alter this balance and 


result in increased TPA release, thus generating plasmin and lysing 
Mucocutaneous Bleeding local clots. Plasminogen activator has been synthesized in a recombi- 
Immune thrombocytopenic purpura nant form (rTPA) and is an effective pharmacologic fibrinolytic agent 


Child abuse in Vivo. 


Trauma 


Poisoning with anticoagulants (rat poison) PLATELET-ENDOTHELIAL CELLS AXIS 


Chronic/insidious Clotting is initiated when platelets adhere to damaged endothelium 
von Willebrand disease (Fig. 38.3). In areas of vascular damage, the adhesive protein, von Wil- 
Platelet function defect lebrand factor (VWF), binds to the exposed subendothelial collagen 
matrix and undergoes a conformational change. VWF then binds to 
its platelet receptor, glycoprotein Ib, and activates platelets. Activated 
Deep/Surgical Bleeding platelets secrete adenosine diphosphate (ADP), which induces nearby 
Hemophilia circulating platelets to aggregate. Platelet-to-platelet cohesion is medi- 
ated by the binding of fibrinogen to its platelet receptor, glycoprotein 
IIb/IIIa. Therefore, both VWF and fibrinogen play essential roles in 
normal platelet function in vivo. Simultaneously with the platelet 
adhesion-aggregation response, coagulation is being activated. The 
platelet membrane brings the reactants of the cascade into close prox- 
imity, promoting rapid, effective factor catalysis and accelerating the 
reactions 1000-fold faster than would occur in the absence of the 
appropriate surface. 

Uremia Normally, endothelial cells provide an antithrombotic surface 
through which blood flows without interruption. The endothelial cell 
is capable of a rapid change in function and character so that it can 
augment coagulation after stimulation with a variety of modulating 
agents, including lymphokines and cytokines, as well as noxious agents 
such as endotoxin and infectious viruses (Fig. 38.4). Widespread 


Marrow infiltration/aplasia 


Vitamin K deficiency 
von Willebrand disease 


Generalized Bleeding 
Disseminated intravascular coagulation 


Vitamin K deficiency 


Liver disease 
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FIGURE 38.2 The major sites of action of the physiologic anticoagulants. Antithrombin (AT) irreversibly 
binds and inactivates factor 10a and thrombin. Thrombin binds to endothelial thrombomodulin and activates 
protein C. The activated protein C/protein S complex (P-C/S) proteolyses and inactivates factors 5a and 8a. 
The tissue factor pathway inhibitor (TFPI) binds to the complexes of factor 7a—tissue factor—factor 10a and 
inactivates factor 7a. Ca**, calcium; PL, platelet phospholipid surface; TF, tissue factor. (Modified from Mont- 
gomery RR, Scott JP. Hemorrhage and thrombotic diseases. In: Behrman RE, Kliegman RM, Jenson HB, 
eds. Nelson Textbook of Pediatrics. 16th ed. Orlando, FL: WB Saunders; 1999:1505.) 
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alteration of endothelial cell function can shift and dysregulate the 
hemostatic response and promote activation of clotting, which is the 
probable mechanism by which sepsis induces the clinical syndrome of 
disseminated intravascular coagulation (DIC). 


DEVELOPMENTAL HEMOSTASIS 


Hemostatic disorders in newborns are more common than at any other 
pediatric age. The neonate is relatively deficient in most procoagulant 
and anticoagulant proteins. Platelet function may also be impaired. 
Blood flow characteristics in the newborn are unique because of the 
high hematocrit, small-caliber vessels, low blood pressure, and special 
areas of vascular fragility. Table 38.2 presents the normal values for 
coagulation screening tests and procoagulant proteins in preterm and 
full-term infants, as well as in older children. Table 38.3 presents age- 
specific values for the anticoagulant and fibrinolytic proteins. 

Levels of factors 5 and 8, fibrinogen, VWF, and platelets become 
normal by 28 weeks of gestation. Protein S levels are also normal at 
birth, but levels of other anticoagulant proteins, especially protein C, 
AT3, and plasminogen, are low in full-term infants and are even lower 
in premature neonates. The levels of most procoagulant and antico- 
agulant proteins increase throughout gestation; therefore, the most 
immature infant has the lowest levels of these proteins and is at the 
highest risk for either bleeding or thrombotic complications. 

Vitamin K deficiency is a particular problem of the newborn. 
Vitamin K is a fat-soluble vitamin that induces the post-translational 
y-carboxylation of the vitamin K-dependent substances (factors 2, 7, 
9, and 10; protein C; and protein S). This carboxylation step occurs 
after the protein is synthesized in the liver and must occur for the 
vitamin K-dependent coagulation factor to bind calcium, the bridge to 
the membrane surface on which these proteins form complexes with 
other members of the clotting cascade and catalyze subsequent reac- 
tions. Vitamin K deficiency effectively renders these proteins unable to 
bind to a surface. Most of the vitamin K in adults originates from the 
diet and from bacterial production in the intestine. The breast-fed 
neonate is at high risk for vitamin K deficiency because human milk 
is relatively deficient in vitamin K, the neonatal liver itself is immature, 
and the newborn’s gut requires several days to develop normal bacterial 
flora. 

Severe vitamin K deficiency in neonates, hemorrhagic disease of 
the newborn (HDN), occurs in breast-fed infants who have not 
received intramuscular vitamin K prophylaxis. Such infants may expe- 
rience diffuse bleeding and even central nervous system hemorrhage 
at 3-5 days of life. HDN is an extraordinarily rare event in the United 
States because of nearly universal neonatal administration of vitamin 
K. In the evaluation of bleeding in a newborn, the clinician should 
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confirm that vitamin K has been administered. Patients with disorders 
of the gastrointestinal tract, those taking broad-spectrum antibiotics, 
those born of mothers who received phenobarbital or phenytoin 
during pregnancy (very—early-onset HDN), and those with cholestasis 
and malabsorption (late-onset HDN) are at higher risk for vitamin K 
deficiency. 


CLUES FROM HISTORY AND PHYSICAL 
EXAMINATION 


@ History 


Table 38.4 is an outline of historical questions that are important for 
the diagnosis of bleeding disorders as it is critical to obtain quantifi- 
able, precise information. Easy bruising and nosebleeds are common 
in children, although the presence of large (>2 inches in diameter) 
bruises at multiple sites, prolonged nosebleeds (>15-30 minutes), and 
hematoma formation are seen in up to 20-40% of children with a 
bleeding disorder. Bleeding post-circumcision should raise the suspi- 
cion of hemophilia, while bleeding from the umbilical cord stump is 
associated with factor 13 deficiency. Some helpful questions include 
“What was the biggest bruise you ever had, and what caused it?” and 
“Have you ever noted little red dots [petechiae] on your skin?” 

A personal or family history of gynecologic bleeding is often valu- 
able. Menorrhagia causing iron deficiency anemia, bleeding after child- 
birth, or need for transfusion or early hysterectomy because of bleeding 
is often inappropriately assumed to have anatomic causes (“dysfunc- 
tional uterine bleeding”). The clinician must ascertain the number of 
pads used per day, in addition to the length and the frequency of each 
menstrual cycle. If the majority of women in a family have an underly- 
ing bleeding disorder, then that family’s “normal menstrual periods” 
may be quite abnormal. Many adolescent girls with menorrhagia 
caused by an underlying bleeding disorder respond to oral contracep- 
tive agents; therefore, improvement in bleeding symptoms after starting 
oral contraceptive agents does not rule out a bleeding disorder. 

Historical information is equally important in deciding who 
requires evaluation for a predisposition to thrombosis. Virtually all 
pediatric patients in whom a blood clot develops in the absence of 
major vascular instrumentation, catheter placement, underlying infec- 
tion, or other inflammatory state merit careful laboratory screening 
for a prothrombotic state (a hereditary or acquired disorder that pre- 
disposes to clotting). Even in the situation of a provoked thrombosis, 
a detailed family history should be documented for early-onset stroke; 
early myocardial infarction; and blood clots in the veins, arteries, or 
lungs. 


@ Physical Examination 


The most important determination is whether the patient appears 
acutely or chronically ill, including vital signs and growth parameters. 
The nose should be examined for ulcers or anatomic bleeding sites, 
and the heart should be examined for the presence of murmurs (as 
occur in anemia and endocarditis). Joints should be examined for 
chronic arthropathy (as occurs in hemophilia) or joint laxity (as occurs 
in Ehlers-Danlos syndrome), and the extremities are examined 
for thumb or radial anomalies (thrombocytopenia—absent radius 
syndrome, or Fanconi anemia). The abdomen and lymph nodes 
should be examined for the presence of hepatosplenomegaly and 
adenopathy. 

The examination of the skin should include a search for pallor, 
hematomas, petechiae, ecchymoses, telangiectasias, poor wound 
healing (large or abnormal scars), lax (loose) skin, and varicose veins 
(possible deep venous thrombosis). Petechiae are pinpoint, flat, dark 
red lesions caused by capillary bleeding into the skin. Ecchymoses 
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TABLE 38.3 Reference Values for the Inhibitors of Coagulation in Healthy Children in 
Comparison with Adults 


Inhibitor 
ATS 


Protein C 


Protein S 
Total (U/mL) 


Free (U/mL) 

Plasminogen 
(U/mL) 

TPA (ng/mL) 


AP (U/mL) 


PAI-1 


19-27 Wk 
Gestation’ 


0.24 (+0.03)' 


0.11 (+0.03)' 


28-31 Wk 
Gestation’ 


0.28 (0.20—0.38)' 


30-36 Wk 

Gestation 

0.38 
(0.14—0.62)'° 


0.28 
(0.12-0.44)" 


0.26 
(0.14—0.38)" 


1.70 
(1.12-2.48) 


8.48 
(3.00-16.70) 


0.78 
(0.40-1.16) 


5.4 (0.0—12.2)' 


Full Term 
063 
(0.39-0.87)' 


0.35 
(0.17—0.53)' 


0.36 
(0.12-0.60)' 


1.95 
(1.25-2.65) 


Jooo) 


0.85 
(0°55 1215} 
0.42 
(1.0-10.0) 


1-5 Yr 
el 
(0.82—1.39) 


0.66 
(0.40—0.92)' 


0.86 
(0.54-1.18) 


0.45 
(0.21—0.69) 


0.98 
(0.78—1.18) 


2.15 (1.0-4.5)' 


1.05 
CoS) 


5.42 (10100) 


6-10 Yr 

|| 
(0.90—1.31) 

0.69 
(0.45-0.93)' 


0.78 
(0.41—1.14) 


0.42 
(0.22—0.62) 


0.92 
(0.75—1.08) 


2.42 (1.0-5.0)' 


0:95 
(00 let} 


6.79 (2.0-12.0)' 
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11-18 Yr 

1.06 
U= 

0.83 
(0.55-1.11)' 


Oy Z 
(01522092) 


0.38 
(0.26—0.55) 


0.86 
(0.68—1.03) 


2.16 (1.0-4.0)' 


0.98 
(0.78—1.18) 


6.07 (2.0-10.0)' 


Adult 

1.0 
(0.74—1.26) 

0.96 
(0.64—1.28) 


0.81 
Camie 


0.45 
CAE 


0.99 
(Oe lez) 


1.02 
(0.68—1.36) 


1.02 
(0.68—1.36) 


SoU) (C= 1120) 


* All values are expressed in U/mL, where pooled plasma contains 1 U/mL, with the exception of free protein S, which contains a mean of 
0.4 U/mL. All values presented as the mean by the upper and lower boundaries encompassing 95% of the population. 
"Levels for 19-27 wk and 28-31 wk are from multiple sources and cannot be analyzed statistically. 


‘Values are significantly different from those of adults. 
‘Values are significantly different from those of full-term infants. 


QAP, a-antiplasmin; ATS, antithrombin 3; PAI-1, plasminogen activator inhibitor type 1; TPA, tissue plasminogen activator. 
Data from Andrew M, Paes B, Johnston M. Development of the hemostatic system in the neonate and young infant. Am J Pediatr Hematol 
Oncol. 1990;12:95-104; and Andrew M, Vegh P, Johnston M, et al. Maturation of the hemostatic system during childhood. Blood. 


1992;8071995-2005: 


are larger lesions (bruises) that are flat and usually not palpable. 
Hematomas are accumulations of blood in the skin or deeper tissues; 
in the skin, hematomas are raised and palpable. Bruises should be 
described in detail, including whether hematomas are associated with 
bruises and whether petechiae are present. Petechiae and ecchymoses 
are usually painless. Purpura refers to any group of disorders char- 
acterized by the presence of dark-red, purplish, or brown lesions of 
the skin and mucous membranes. The discoloration is caused by the 
leakage of red blood cells from affected vessels. Purpuric lesions can be 
caused by abnormalities of the platelets, of coagulation proteins, or of 
vessel walls. 


Coagulation Screening Tests 


After obtaining a history and performing a physical examination, the 
clinician must determine the need for a hemostatic evaluation. The 
history is likely to be the most sensitive screening tool for a significant 
bleeding disorder, although its use in a very young child, especially 
before toddler age, is limited and attention must shift to the perinatal 
and family history. For patients with clinical clues of a coagulation 
disorder, the initial screening studies should assess the clotting factors 
and platelet function. No set of screening tests is complete and capable 
of detecting the panorama of hemorrhagic disorders, but the screen 
should include: 
° Complete blood count (CBC) to evaluate hemoglobin and platelet 
count 
° Prothrombin time (PT) 
° Partial thromboplastin time (PTT) 


° Functional fibrinogen level or thrombin time 
° VWF testing 

If there is high suspicion for an underlying bleeding disorder, 
screening for von Willebrand disease and platelet function defects 
should be considered. There are no satisfactory tests to screen for a 
thrombotic tendency. 


Prothrombin Time and Partial Thromboplastin Time 


The PT and PTT (Fig. 38.5) are measures of all the coagulation factors 
except factor 13. Fibrinogen function should be measured as fibrino- 
gen activity or thrombin time. The PTT is the screening test that 
checks for deficiency of all clotting factors except factors 7 and 13. 
The PTT can be prolonged either by a deficiency of a clotting factor 
or by the presence of an agent in the plasma that delays the clotting 
time (an inhibitor). The PT is especially sensitive to deficiencies of 
factor 7. 

To test for an inhibitor, 1 part of the patient’s plasma is mixed with 
1 part of pooled normal plasma obtained from 20-50 healthy adults. 
Pooled normal plasma provides a 100% level of each clotting factor. If 
mixed 1:1 with plasma that is deficient in 1 or several factors, the 
mixture should possess at least a 50% level of each factor and the PTT 
should correct to the normal range. If an inhibitor is present, the PTT 
usually does not correct to normal. The most common types of inhibi- 
tors include anticoagulants, such as heparin, and autoantibodies 
directed against either specific clotting factors (factor 8 inhibitors) 
or the phospholipid substances used in the PTT (lupus-type 
anticoagulants). 


SECTION8 Hematologic Disorders 


The PTT is especially sensitive to deficiencies of factors 8,9, and 11 
(hemophilia A, B, and C, respectively). A prolonged PTT in an asymp- 
tomatic child is most commonly caused by factor 12 deficiency or by 
a lupus-type anticoagulant. The PTT can also yield a false result: 


TABLE 38.4 History of a Bleeding Disorder 


l. History of Disorder 
A. Onset of symptoms 


1. Age 
2. Acute versus lifelong 
3. Triggering event 
4. Timing of bleeding after injury: immediate vs delayed 
. Sites of bleeding 
1. Mucocutaneous* 
a. Epistaxis (1) Duration, frequency, seasonal tendency 
(2) Associated trauma (nose picking, allergy, infection) 
(3) Resultant anemia, emergency department 
evaluation, cautery 
. Oral (gingiva, frenulum, tongue lacerations, bleeding after 
tooth brushing, after dental extractions requiring sutures/ 
packing) 
. Bruising (number, sites, size, raised [other than extremities], 
spontaneous versus trauma, knots within center, skin scarring) 
d. Gastrointestinal bleeding 
2. Deep 
a. Musculoskeletal (1) Hemarthroses, unexplained arthropathy 
(2) Intramuscular hematomas 
b. Central nervous system hemorrhage 
c. Genitourinary tract 
3. Surgical 
a. Minor (sutures, lacerations, poor or delayed wound healing) 
b. Major (1) Tonsillectomy and adenoidectomy (2) Abdominal 
surgery 
. Perinatal history 


a. Superficial (bruising, petechiae) 

b. Deep (1) Circumcision (2) Central nervous system bleeding 
(3) Gastrointestinal bleeding (4) Cephalohematoma 
(5) Unexplained anemia or hyperbilirubinemia (6) Delayed 
cord separation, bleeding after cord separation 

c. Vitamin K administration 


d. Maternal drugs 

. Obstetric/gynecologic bleeding 

1. Menorrhagia 
a. Onset, duration, amount (number of pads), frequency, 

persistence after childbirth 

b. Resultant anemia, iron deficiency 

2. Bleeding at childbirth (onset, duration, transfusion 
requirement, history of traumatic delivery, recurrences with 
subsequent pregnancies, spontaneous abortions) 


E. Medications 


. Aspirin and nonsteroidal antiinflammatory drugs 
. Anticoagulants 
. Antibiotics 

Anticonvulsants 


. Vitamin K 
b. Vitamin C 


1. When poor venipuncture technique, by adding tissue factor to the 
blood, activates clotting and artifactually shortens the PTT. 

2. When insensitive laboratory reagents fail to detect clinically signifi- 
cant deficiencies (most common in mild factor 9 deficiency). 

3. When the citrate concentration is not corrected for blood with a 
high hematocrit (in neonates and in patients with cyanotic con- 
genital heart disease), leading to a prolonged PTT. 


Bleeding Time 


The bleeding time is an indirect measure of platelet number and a 
more direct measure of platelet function, vascular integrity, and plate- 
let interaction with the vascular subendothelium. As such, the bleeding 
time should be abnormal in patients with thrombocytopenia, platelet 
function abnormalities, abnormal collagen (Ehlers—Danlos syndrome), 
and von Willebrand disease. Unfortunately, because of its insensitivity 
and high level of variability, the bleeding time is a relatively poor tool 
for detecting the milder forms of these hemostatic disorders and 
cannot be used to rule out von Willebrand disease and mild or moder- 
ate platelet function deficits. 


Platelet Function Analysis 


Platelet function analysis was originally recommended as a screening 
test for von Willebrand disease and platelet function defects. Its sensi- 
tivity and specificity are insufficient for diagnosis, but it may have 
utility as a screen for severe platelet function defects in very small 
infants where rapid results are needed and size prohibits collection of 
large volumes of blood needed for platelet aggregation testing. 

Figs. 38.6 and 38.7 provide an approach to evaluate the patient with 
an isolated prolongation of the PT or PTT. 


Thrombin Time and Reptilase Time 


The thrombin time and reptilase time are tests that measure the con- 
version of fibrinogen to fibrin. The thrombin time is sensitive to 
heparin effect, whereas the snake venom reptilase time remains normal 
in the presence of heparin. Both the thrombin time and the reptilase 
time are prolonged by uremia, by dysfibrinogenemia, and by low 
fibrinogen levels (<75 mg/dL). 


MUCOCUTANEOUS BLEEDING 


Mucocutaneous bleeding occurs within the skin or mucous mem- 
branes. Common complaints include prolonged, frequent nosebleeds; 
gum bleeding; prolonged bleeding after tooth extraction; menorrhagia; 
and easy bruising with or without petechiae formation. Mucocutane- 
ous bleeding is usually associated with abnormalities of platelet 
number or function, of platelet cofactors, or of the vessel wall. The 
well-appearing child who presents with the acute onset of petechiae 
and purpura, often in association with nosebleeds or bleeding gums, 
and otherwise normal examination findings typically has acute 


I]. Family History 

Draw family tree. The items just listed should be applied to immediate 
family members, especially a history of easy bruising, epistaxis, excessive 
bleeding after surgery, menorrhagia, excessive bleeding after childbirth, or 
a family history of others with diagnosed or suspect bleeding disorders. 
Attempt to deduce inheritance pattern. 


immune thrombocytopenic purpura (ITP). The majority of affected 
children have an antecedent viral illness. After exposure to the viral 
infection, an antibody that binds to the platelet membrane develops, 
leading to the premature destruction of the antibody-coated platelets 
in the spleen. 

The peak ages for the presentation of ITP are 1-4 years of age and 
adolescence, but ITP occurs throughout childhood and adolescence. 
Girls are more commonly affected in adolescence but not in childhood. 
The work-up of a child with thrombocytopenia should include a 


* Significant historical information is presented in boldface type. 
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FIGURE 38.5 Elements of the coagulation cascade measured by the prothrombin time (PT) and the partial 
thromboplastin time (PTT). Note that prekallikrein (PK), high-molecular-weight kininogen (HMWK), and factor 
12 are shown in this figure and not in the depiction of the coagulation cascade in Fig. 38.1, because a defi- 
ciency of PK, HMWK, or factor 12 can cause a prolongation of the PTT. However, a deficiency of any of 
these proteins alone is not associated with a clinical bleeding disorder. Ca“, calcium; PL, platelet phospholipid 
surface; TF, tissue factor. (Modified from Montgomery RR, Scott JP: Hemorrhage and thrombotic diseases. 
In: Behrman RE, Kliegman RM, Jenson HB, eds. Nelson Textbook of Pediatrics. 16th ed. Orlando, FL: WB 
Saunders; 1999:1505). 
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FIGURE 38.6 Flow diagram for the evaluation of a patient with an 
isolated prolongation of the prothrombin time (PT). 
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careful history aimed at detecting symptoms (e.g., weight loss, fever, 
bone pain, anorexia) of other preexisting illnesses (e.g., leukemia, sys- 
temic lupus erythematosus [SLE], endocarditis, human immunodefi- 
ciency virus [HIV]), exposures to drugs or toxins, and a personal or 
family history of thrombocytopenia. The physical examination must 
be detailed and include a search for signs of malignancy (e.g., lymph- 
adenopathy, hepatosplenomegaly), chronic illness, and congenital mal- 
formations. When evaluating the CBC, the clinician should ensure that 
the hemoglobin, white blood cell count, differential, indices, and smear 
are normal, which would make the diagnosis of a hematologic malig- 
nancy or other marrow failure syndrome unlikely. The presence of 
large platelets on the smear or measured as a high mean platelet 
volume suggests accelerated thrombopoiesis and increased platelet 
destruction. The differential diagnosis of thrombocytopenia is noted 
in Table 38.5. 

After the presumptive diagnosis of ITP, a Coombs test may be 
considered to rule out a simultaneous autoimmune hemolytic anemia. 
The role of studies for platelet antibodies is unclear; there are no data 
indicating that these studies are either diagnostic or prognostic in 
children. If the child is male, is young, and has a history of eczema or 
recurrent infection, immunoglobulin levels to rule out Wiskott— 


Aldrich syndrome are indicated. Similarly, in older children, especially 
girls as they approach adolescence, an antinuclear antibody test to rule 
out SLE manifesting as thrombocytopenia may be considered, although 
it is more likely to yield positive results in children with chronic ITP. 
HIV infection occasionally manifests as ITP. The diagnostic yield of 
bone marrow examination in a child with normal findings on a careful 
physical examination (no lymphadenopathy or hepatosplenomegaly) 
and a completely normal CBC including a manual white blood cell 
differential, other than isolated thrombocytopenia, is negligible. 

Once a diagnosis of ITP is made, several therapeutic options are 
available, including simple observation and education. The family 
should be advised that the child must avoid activities that increase the 
risk of head injury. Treatment should be reserved for children at high 
risk for clinical bleeding (platelet count <20,000/mm‘’ and children 
with petechiae and mucosal hemorrhages). Some authorities argue 
that patients with mucous membrane purpura are at higher risk and 
definitely require treatment. Treatment is not recommended for 
patients without bleeding symptoms. The major cause of mortality in 
ITP is related to intracranial hemorrhage, which has been observed in 
fewer than 0.5-1% of patients. Table 38.6 provides a perspective on 
treatment alternatives for ITP. Options for initial therapy for patients 


TABLE 38.5 Differential Diagnosis of Thrombocytopenia in Children 


I. Destructive Thrombocytopenias 
Primary platelet Idiopathic thrombocytopenia purpura 
consumption syndromes Drug-induced thrombocytopenia 
Infection-induced thrombocytopenia (human 
immunodeficiency virus) 


Posttransfusion purpura 

Autoimmune or lymphoproliferative disorders 

Neonatal immune thrombocytopenias 

Allergy and anaphylaxis 

Posttransplantation thrombocytopenia 

Chronic microangiopathic hemolytic anemia 
and thrombocytopenia 

Hemolytic uremic syndrome 


Immunologic 


Nonimmunologic Thrombotic thrombocytopenic purpura 
Catheters, prostheses, or cardiopulmonary 
bypass 


Congenital or acquired heart disease 


Combined platelet and 
fibrinogen consumption 
syndromes 


Disseminated intravascular coagulation 

Kasabach—Merritt syndrome 

Other causes of local consumption 
coagulopathy 


Miscellaneous causes Phototherapy 


Perinatal aspiration syndromes 
Persistent pulmonary hypertension 
Rhesus alloimmunization 


Specific to the neonate Status post exchange transfusion 
Polycythemia 

Metabolic inborn errors of metabolism 
Maternal HELLP syndrome 

Glomerular disease 


Preeclampsia 


ll. Impaired or Ineffective Production 
Congenital and hereditary TAR syndrome 
disorders Other congenital thrombocytopenias with 
megakaryocytic hypoplasia 
Fanconi aplastic anemia 
Bernard—Soulier syndrome* 


Primary hematologic 
processes 


May—Hegglin anomaly* 

Wiskott—Aldrich syndrome* 

Miscellaneous hereditary thrombocytopenias 
(X-linked or autosomal)* 

Mediterranean thrombocytopenia 

Associated with trisomy 13 or 18 


Metabolic inborn errors Holocarboxylase synthetase deficiency 
lsovaleric acidemia 

some mitochondrial disorders 
Methylmalonic acidemia 

Ketotic glycinemia 

Acquired disorders Aplastic anemia 

Marrow infiltrative processes 

Drug or radiation induced 

Nutritional deficiency states (iron, folate, or 


vitamin B.) 


lll. Sequestration l 
Hypersplenism 


Hypothermia 


* These hereditary thrombocytopenias can be associated with normal or increased bone marrow megakaryocytes. 
HELLP, hypertension, elevated liver enzymes, low platelets; TAR, thrombocytopenia-absent radius. 
Modified from Schultz Beardsley D. Platelet abnormalities in infancy and childhood. In: Nathan DG, Oski FA, eds. Hematology of Infancy and 


Childhood. 4th ed. Philadelphia: WB Saunders; 1993;2:1566. 
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TABLE 38.6 Common Treatment Alternatives for Childhood Acute Immune 
Thrombocytopenic Purpura (ITP) 


Route of 
Administration Pros 


IV Rapid onset of action 


Does not rely on patient/family giving 


medication at home 
Effective in 75-80% of patients 
Outpatient administration 
Rapid onset of action 
Effective in 75-80% of patients 
Does not require placement of an IV 


Prednisone Oral (can also be 


given IV) 


short course likely minimal side effects 


Rituximab Durable remission in 40-60% 


Splenectomy surgery Curative in 80% of patients 


Noninvasive 
Outpatient treatment 


Thrombopoietin 
agonists 


Oral (options also 
come as IV, SQ) 


Cost (Assuming 
Typical 15 kg Toddler) 


$3000 for 1 mg/kg dose 


Cons 


IV required 

Either inpatient or prolonged (4—6 hr) 
visit to clinic 

Does not alter long-term outcome 

Steroid side effects (GI, mood swings, 2-wk course of 2 mg/kg/day: 
growth issues with long-term use) $15 

May need multiple courses 

No effect on long-term outcome 


4 doses of 375 mg/m’, 
approximately $5000- 
15,000 


$10,000-$20,000 


IV administration 
May cause reactivation of hepatitis 


Expensive 

Invasive 

Impairs host defense against 
encapsulated organisms 

Reserved for chronic ITP and/or serious 
bleeding complications 


Associated with elevation in liver 
enzymes 

Require frequent monitoring 

Not curative, most patients require 
Ongoing administration 


1-mo course of 25 mg/day, 
$3000 


GI, gastrointestinal; IV, intravenous; IVIG, intravenous immunoglobulin; SQ, subcutaneous. 


in need of treatment include intravenous immunoglobulin (IVIG) and 
prednisone. Transfusion of platelets should be reserved for life- 
threatening bleeding, because transfused platelets are rapidly destroyed. 
Thrombopoietin receptor agonists have been approved for use in 
adults. 

Ten to 20% of children with ITP have persistence of thrombocyto- 
penia for more than 6 months (chronic ITP). These patients are more 
likely to be older (adolescent) girls or to have had an insidious onset 
of symptoms. The clinician must look carefully for predisposing 
causes, including SLE, HIV infection, autoimmune lymphoproliferative 
syndrome (ALPS), or medications. The treatment of chronic ITP is 
evolving and includes repeated doses of IVIG, prolonged steroid use, 
and consideration of rituximab, thrombopoietin receptor agonists, or 
splenectomy. Because of improved medical therapy, splenectomy is 
limited to patients with severe, refractory chronic ITP. 


Neonatal Thrombocytopenia 


Thrombocytopenia is common, especially in sick newborns. The dif- 
ferential diagnosis of neonatal thrombocytopenia includes most of the 
causes seen in older children and a few additional specific to the 
newborn (Fig. 38.8, in the shaded areas; see also Table 38.5). When 
evaluating the thrombocytopenic newborn, the physician must know 
the perinatal history including the mother’s health during this and 
previous pregnancies, history of current or previous low platelets, or 
of children dying of hemorrhage. A maternal history of fever, viral 
infection (cytomegalovirus, rubella), sexually transmitted infections 
(syphilis, HIV), medications, toxemia, or collagen vascular disease 
(SLE) is informative. The family history should be evaluated for bleed- 
ing disorders, recurrent infections, or malignancies, especially in sib- 
lings, both as neonates or any age. 


During examination of the newborn, the most important element 
to determine is the child’s general well-being. The examiner should 
look especially for signs of systemic illness, as well as lymphadenopa- 
thy, hepatosplenomegaly, mass lesions, hemangiomas, bruits, and con- 
genital anomalies, especially of the radial bones. The examiner should 
carefully evaluate the hemoglobin, the white blood cell count, and the 
differential for the presence of abnormal cells (blasts). Red blood cell 
structure should be examined for signs of microangiopathy. Small 
platelets (low mean platelet volume) suggest abnormal thrombopoie- 
sis, whereas large platelets are found with accelerated platelet destruc- 
tion. Thrombocytopenia can be caused by synthetic failure, sequestration, 
or destructive processes. The destructive processes are most common 
and are either immune or nonimmune in origin. Nonimmune causes 
of platelet consumption—for example, DIC, sepsis, congenital infec- 
tions, or thrombotic events—are usually associated with obvious clini- 
cal findings. When evaluating the ill-appearing neonate or child for 
thrombocytopenia, the examiner should perform coagulation studies 
to detect fibrinogen consumption (fibrinogen level, D-dimer). Neo- 
nates with immune-mediated platelet destruction usually appear 
healthy. 

After the clinician obtains a thorough history, performs a careful 
physical examination, and evaluates the CBC, the initial step in man- 
agement of the child with thrombocytopenia depends on the cause and 
severity of the thrombocytopenia. In the neonate with severe throm- 
bocytopenia (platelet count <40,000/mm’) delivered vaginally, an 
ultrasound study of the head should be done to rule out intracranial 
bleeding. Platelet transfusion for thrombocytopenia can serve both as 
a therapeutic tool for stopping the bleeding and as a diagnostic maneu- 
ver. In patients with decreased platelet synthesis, survival of transfused 
platelets should be normal, whereas in thrombocytopenic states caused 
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FIGURE 38.8 Differential diagnosis of childhood thrombocytopenic 
syndromes. The syndromes are initially separated by their clinical 
appearance. Clues leading to the diagnosis are presented in Italics. The 
mechanisms and common disorders leading to these findings are 
shown in the lower part of the figure. Disorders that commonly affect 
neonates are listed in the shaded boxes. DIC, disseminated intravascu- 
lar coagulation; HIV, human immunodeficiency virus; ITP, idiopathic 
immune thrombocytopenic purpura; MCV, mean corpuscular volume; 
NATP, neonatal alloimmune thrombocytopenic purpura; SLE, systemic 
lupus erythematosus; TAR, thrombocytopenia—absent radius (syn- 
drome); TTP, thrombotic thrombocytopenic purpura; UAC, umbilical 
artery catheter; VWD, von Willebrand disease; WBC, white blood cell: 
2°, secondary. 


by platelet destruction, transfused platelets should be cleared rapidly. 
For this reason, platelet transfusions are usually contraindicated in 
thrombocytopenic states caused by accelerated platelet destruction, as 
in ITP and hemolytic uremic syndrome (except in the event of life- 
threatening bleeding such as intracranial hemorrhage). The yield and 
survival of the transfused platelets should be monitored with serial 
platelet counts after transfusion. 

Antibody-mediated thrombocytopenia in the neonate is caused 
by transfer of maternal IgG antibodies that react with the neonate’s 
platelets. A mother with active ITP or a history of previous ITP is at 
risk for delivering a thrombocytopenic baby. There is no definitive, 
noninvasive method to determine the newborn's risk of thrombocyto- 
penia, although the actual risk for severe bleeding during delivery 
appears low. In contrast, children born to mothers who are sensitized 
to paternal alloantigens present on the fetal platelets have a higher risk 


for perinatal hemorrhage and symptomatic thrombocytopenia. Neo- 
natal alloimmune thrombocytopenic purpura (NATP), the platelet 
equivalent of maternal Rh isoimmunization, differs from Rh disease 
in that first-born children are commonly affected. The importance of 
this diagnosis is that it is commonly associated with prenatal intra- 
cranial hemorrhage with a resultant high rate of morbidity and mor- 
tality (15%). Therefore, recognition of the diagnosis in the lst 
pregnancy can have a major impact on the management of subsequent 
pregnancies. Transfusion of washed maternal platelets that lack the 
paternal alloantigen toward which the maternal antibody is directed 
will correct the platelet count and prevent further bleeding. Random 
donor platelets are rapidly destroyed. Newborns with NATP can be 
easily differentiated from thrombocytopenic newborns of mothers 
with ITP on the basis of the mother’s platelet count. Mothers with ITP 
are thrombocytopenic unless they have had a splenectomy. Mothers of 
infants with NATP have normal platelet counts. 

Although the initial diagnosis of NATP is usually made by studying 
the reaction of maternal sera against paternal platelets, prenatal diag- 
nosis is performed with molecular biologic techniques to detect the 
allelic differences between the mother and the fetus by analysis of 
various fetal DNA sources. After prenatal diagnosis, treatment of the 
mother with IVIG has been shown to raise the fetal platelet count and 
prevent fetal bleeding. In addition, postnatal treatment of the neonate 
with IVIG and corticosteroids may be helpful after restoration of a 
normal platelet count by transfusion of washed maternal platelets. All 
blood products administered to the neonate with thrombocytopenia 
should be radiated to prevent graft-versus-host disease, because some 
patients may have a congenital immunodeficiency syndrome manifested 
by thrombocytopenia. 


Child Abuse 


The most common cause of remarkable bruising and bleeding with 
normal hemostatic screening studies in infancy is child abuse. 


Chronic/Insidious Onset of Mucocutaneous Bleeding 


When symptoms of skin and mucous membrane bleeding are lifelong, 
the most common cause is von Willebrand disease (VWD). Congenital 
platelet function defects are almost as common, while congenital 
thrombocytopenic syndromes, and abnormalities of the vessel wall are 
less common. Von Willebrand disease, the deficiency of VWF, is the 
most common hereditary bleeding disorder, with a prevalence of 
approximately 1/1000 in the milder forms. The inheritance of von 
Willebrand disease is usually autosomal dominant. VWF is a large, 
multimeric protein that functions as the bridge between platelets and 
damaged vessel walls; therefore, deficient or dysfunctional VWF causes 
delayed formation of the platelet plug (see Fig. 38.3). In addition, VWF 
serves as a carrier protein for factor 8. A profound deficiency of VWF 
is associated with low levels of factor 8, so that the patient with severe 
von Willebrand disease has the clinical manifestations of both von 
Willebrand disease and hemophilia. 

The presentation of von Willebrand disease is highly variable. 
Mucocutaneous bleeding or no symptoms are the most common find- 
ings. Because neonatal VWF levels are often elevated after vaginal 
delivery, the onset of clinical symptoms for mild and moderate von 
Willebrand disease is usually during the toddler stage or later. The only 
presenting complaint may be abnormal preoperative coagulation 
studies. The laboratory diagnosis of the disease is particularly challeng- 
ing because there is no single test that optimally measures VWF 
function. 

The PTT and bleeding time are only abnormal in about half of 
patients with von Willebrand disease. A von Willebrand screen, includ- 
ing VWF antigen (to measure total protein) and activity (to measure 


protein function) is recommended to fully assess for von Willebrand 
disease. The need for additional work-up is defined by the clinical 
clues, including the patient’s personal history of bleeding, the family 
history, and the potential for surgery. 

The diagnosis of von Willebrand disease is further complicated by 
the observation that VWF is a labile protein and levels can be increased 
by stress, medication, trauma, pregnancy, and difficult venipuncture. 
VWF levels are also elevated following vaginal delivery in infants with 
type 1 VWD. This can be helpful in terms of ability to perform cir- 
cumcision in males with potential type 1 VWD, but problematic in 
terms of making an immediate diagnosis. It remains unclear whether 
there is a physiologically different hemostatic level of VWF for differ- 
ent blood groups. Age has been shown to influence VWF levels in 
adults, but this has not been adequately investigated in children. Fur- 
thermore, there are multiple variants of von Willebrand disease; the 
clinician should perform repeated studies if there is a high index of 
suspicion or abnormal positive screening tests. 

Von Willebrand disease can be classified as type 1 (classic disease 
with mild or moderate deficiency), type 2 (a dysproteinemia), or type 
3 (severe disease: virtual absence of VWE and low levels of factor 8). 
The treatment of the disease is dependent on the type and the response 
to 1-deamino(8-p-arginine) vasopressin (DDAVP). DDAVP is a syn- 
thetic vasopressin analog that induces the release of VWF and factor 
8. Levels of these factors rise threefold to fourfold after a dose of 0.3 Ug/ 
kg. For most cases of von Willebrand disease, DDAVP is the treatment 
of choice. A therapeutic trial with measurements of VWF before and 
both 1 hour and 4 hours after DDAVP administration should be per- 
formed to document the efficacy of DDAVP before surgery. The late 
timepoint is useful to identify clearance defects that may have an initial 
response but lack the sustained response critical for clinical use of 
DDAVP. Patients with rare variant forms of von Willebrand disease 
(type 2A, type 2B, and platelet type) may have no response or an 
adverse response to DDAVP; therefore, full studies to identify the 
subtype are needed before a trial of DDAVP. These studies correlate 
functional levels of VWF with the amount of protein measured anti- 
genically (the VWF antigen), the multimeric size of the protein (VWF 
multimers), and the aggregation response of the patient’s platelet-rich 
plasma to high and low concentrations of ristocetin. 

Most patients with mild and moderate type 1 von Willebrand 
disease have a satisfactory response to DDAVP; hemostasis for most 
surgical procedures can be provided with daily doses of DDAVP on 
consecutive days. For severely affected patients or those with variant 
forms of the disease noted previously (type 2A, type 2B, platelet type), 
treatment should be individualized. Some patients with type 2A 
respond to DDAVP. Severely affected patients with von Willebrand 
disease and those with the 2B variant should receive a clotting factor 
concentrate containing a full complement of normal VWF multimers 
(Humate-P or Wilate are the currently approved products) in doses 
similar to those outlined for factor 8 in Table 38.7. 


Platelet Function Defects 


For patients with mucocutaneous bleeding but a normal platelet count 
and normal VWE studies, platelet aggregation studies should be per- 
formed to evaluate for a primary or secondary platelet function defect. 
A large number of medications alter platelet function and may induce 
an acquired abnormality of platelet function. A careful history to elicit 
exposure to medications and to determine whether clinical symptoms 
correlate with exposure to specific drugs is critical. Common medica- 
tions that alter platelet functions are aspirin, nonsteroidal antiinflam- 
matory drugs, alcohol, penicillin in high doses, and valproic acid. 
Most primary platelet function defects cause relatively mild 
mucocutaneous bleeding symptoms. In these disorders, there is most 
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TABLE 38.7 Characteristics of Factors 8 
and 9 and Respective Modes of Treatment 
for Bleeding Episodes Caused by Hemophilia 
AorB 


Factor 9 
0.7—1%/U/kg infused 
18-24 hr 


Factor 8 
Yield 1.5-2%/U/kg infused 
Half-life 8—12 hr 
Goal therapeutic level: 
Life and limb- 
threatening, acute 
hemarthrosis 
treatment 


80—100% 80—100% 


Minor bleeds (gingival 40-50% 30—50% 
bleeding, epistaxis) 
Level desired x 


weight (kg) x 1.3 


Level desired x 
weight (kg) x 0.5 


Dose computation* 


Plasma-derived factor 
9 concentrate 

Prothrombin complex 
concentrate’ 


Desmopressin' 

Plasma-derived 
factor 8 
concentrate 


Therapeutic alternatives 


*Assumes use of a recombinant factor replacement product. 
"After adequate response has been demonstrated. 

‘Repeat doses have been associated with increased risk for 
thrombosis. 


commonly an abnormality of the storage granules or release mecha- 
nism within the platelet, causing delayed or diminished response to 
agonists that induce platelet aggregation, such as collagen. Platelet 
function defects, like most other hemostatic defects, are accentuated 
by medications that impair platelet function. In rare instances, a 
patient demonstrates impressive petechiae and hematomas at birth 
because of an absence of 1 of the essential platelet membrane receptors 
for the adhesive proteins VWF or fibrinogen. These disorders, 
Glanzmann thrombasthenia (deficiency of glycoprotein GIIbB3, the 
fibrinogen receptor) and Bernard—Soulier syndrome (deficiency of 
glycoprotein Ib, the von Willebrand receptor), represent the most 
severe types of platelet function defects. The platelet count is normal 
in Glanzmann thrombasthenia thrombocytopenia, but patients with 
Bernard—Soulier syndrome usually have thrombocytopenia with 
remarkably large platelets. 

Milder thrombocytopenia syndromes have been well characterized 
due to advances in genetics; a defect in the myosin heavy chain 9 gene 
(MYH9) causes congenital macrothrombocytopenia, associated in 
some cases with deafness, ocular abnormalities, or nephritis. Con- 
genital amegakaryocytic thrombocytopenia is caused by a defect in the 
thrombopoietin receptor c-Mpl, while X-linked thrombocytopenia is 
caused by a defect in GATA-1. Patients with mild or moderate platelet 
function defects often respond to DDAVP, but more severe bleeding 
may necessitate platelet transfusions. 


Chronic Thrombocytopenic Syndromes 


Patients with long-standing thrombocytopenia usually present with 
mucocutaneous bleeding. Mechanisms of the thrombocytopenia 
include impaired marrow synthesis, sequestration, and increased 
destruction (see Fig. 38.8). These can be acquired or congenital. The 
congenital thrombocytopenic syndromes usually manifest at the time 
of birth or early in infancy. These syndromes may be associated with 
congenital anomalies (thrombocytopenia—absent radius syndrome 
and Fanconi anemia) or as part of a complex hereditary syndrome 
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(Wiskott—Aldrich syndrome with small platelets, eczema, and immu- 
nodeficiency) in addition to thrombocytopenia. Small platelets are a 
frequent finding in many of the syndromes associated with decreased 
platelet production. During the physical examination of patients with 
suspected congenital thrombocytopenia, the clinician must search not 
only for the signs of bleeding but also for subtle congenital anomalies, 
including abnormal growth parameters, the presence of skin hyperpig- 
mentation or café-au-lait spots, and anomalies of the limbs, axial skel- 
eton, and urinary tract. 

The acquired causes of thrombocytopenia resulting from 
decreased production usually have an insidious onset of symptoms and 
are often associated with other abnormalities in the blood count. The 
aplastic syndromes (congenital aplastic anemia and acquired aplastic 
anemia) are associated with the gradual onset of thrombocytopenia, 
usually in association with a falling granulocyte count and anemia. 
Platelets are small, and the mean corpuscular volume is usually 
elevated. 

Infiltration of the marrow by malignant cells or storage cells inter- 
feres with normal thrombopoiesis and commonly results in thrombo- 
cytopenia. Common malignancies associated with thrombocytopenia 
include acute lymphoblastic leukemia, lymphomas, Langerhans cell 
histiocytosis, and metastatic solid tumors (neuroblastoma). Abnor- 
malities of other blood elements, as well as findings of adenopathy, 
hepatosplenomegaly, or masses, are clues to the presence of an infiltra- 
tive disorder. 

Disorders of the vessel walls may present either acutely or chroni- 
cally. Vasculitic disorders often manifest with lesions of the skin and 
mucous membranes that appear hemorrhagic and are associated with 
clinical symptoms related to involvement of other organ systems 
(gastrointestinal, renal, central nervous system). Paradoxically, patients 
with these disorders usually have normal coagulation studies and 
normal platelet counts. Henoch—Schénlein purpura is an example; it 
manifests with a purpuric rash, including both petechiae and larger 
palpable purpuric lesions of the lower extremities and buttocks, often 
found in association with arthritis, cramping abdominal pain, and 
focal glomerulonephritis. 

Petechiae and ecchymoses are also common symptoms of disorders 
of the collagen matrix. Patients with Ehlers—Danlos syndrome have lax 
joints, hyperelastic skin, and abnormal wound healing. These patients 
frequently present with ecchymoses and rarely with petechiae. Bleeding 
time is usually prolonged and the diagnosis is made on the basis of 
clinical findings. 


DEEP BLEEDING 


Bleeding into the tissues of the muscles or joints is characteristic of 
hemophilia. The presentation of the patient with hemophilia varies 
with severity, age, and exposure to trauma. Only 30% of boys with 
hemophilia bleed excessively at circumcision, while neonatal intra- 
cranial bleeding is rare despite the trauma of a vaginal delivery. After 
the neonatal period, children with hemophilia usually present as tod- 
dlers with either intramuscular hematomas or hemarthroses. In the 
toddler stage, the most commonly affected joints are the ankles and 
elbows; the knees, hips, and shoulders are affected later. The affected 
children, who are usually boys, bruise easily and hematomas fre- 
quently develop over areas of common trauma (the forehead, arms, 
and legs, especially pretibial). Other common bleeding sites include the 
frenulum and sites of venipuncture. Sites of life-threatening bleeding 
include the central nervous system (the most common cause of death 
from hemorrhage); the mouth and throat, resulting in airway obstruc- 
tion; and the retroperitoneal area or gastrointestinal tract, leading to 
exsanguination. 


Red flags for the diagnosis of hemophilia are: 
e Persistent bleeding after circumcision 
° Hemarthrosis/intramuscular hematoma 
° Bleeding frenulum 

The deficiency of factor 8 (hemophilia A) or factor 9 (hemophilia 
B) causes bleeding because delayed thrombin formation results in a 
large, friable clot. Often there is an initial hemostatic plug that breaks 
down hours after the injury (secondary bleeding). Because factors 8 
and 9 are necessary for normal wound healing, patients with inade- 
quate replacement or untreated hemophilia frequently have poorly 
healed wounds. 

Hemophilia A occurs in 1/10,000 live births and hemophilia B in 
about 1/40,000. The PTT is prolonged and should correct on 1:1 mix 
with normal plasma. Specific assays for factors 8 and 9 should be per- 
formed to identify the deficient factor. Severity is determined by the 
level of the deficient clotting factor. Severe hemophilia is defined as less 
than 1% factor activity, moderate as 1-5% activity, and mild as greater 
than 5% activity. These factor levels correlate approximately with clini- 
cal symptoms: Patients with severe deficiency bleed spontaneously; 
patients with moderate deficiency bleed with minor trauma; and 
patients with mild deficiency bleed only after significant trauma, and 
their condition may go undiagnosed for many years. Because hemo- 
philias A and B are transmitted as X-linked traits, the family history 
may be informative if there is a history of male maternal relatives with 
a bleeding disorder. Approximately 33% of affected patients have new 
mutations and therefore have a negative family history. Bleeding com- 
plications have occurred in female carriers, especially at surgery; thus, 
all carriers should have factor levels measured. 

Treatment of hemophilia requires prompt replacement or correc- 
tion of the deficient factor with the safest available material. Table 38.7 
provides dosing information and therapeutic alternatives for factors 8 
and 9 deficiency. Treatment of bleeding episodes should be continued 
until the wound has healed. Recombinant factor 8 or 9 concentrate 
appears to be the current optimal treatment product, with purified 
plasma-derived factor as a 2nd choice. Long-acting factor products are 
being developed and may improve quality of life by reducing the fre- 
quency of infusions. For patients with mild hemophilia A who respond 
to DDAVP with adequate levels, DDAVP is the treatment of choice. 
Prophylaxis with factor concentrates has revolutionized the care of 
children with hemophilia by preventing chronic arthropathy and mus- 
cular atrophy. Patients with hemophilia should be monitored at com- 
prehensive treatment centers that are experienced in the medical, 
social, physical, and financial impact of hemophilia care. 

The common complications of hemophilia treatment can be 
divided into those of immunologic origin and those caused by infec- 
tious organisms. In 15-25% of patients with hemophilia A and a smaller 
percentage of patients with hemophilia B, inhibitors to clotting factor 
replacement material develop. These inhibitors, usually IgG antibodies, 
lead to rapid inactivation and clearance of infused replacement mate- 
rial. The presence of an inhibitor should be suspected and tested for 
in any patient with hemophilia who does not respond appropriately to 
factor replacement. The treatment of patients with inhibitors is prob- 
lematic and should be relegated to experts in hemophilia care. The 
management of acute bleeding episodes may require administration of 
an activated clotting factor concentrate to “bypass” the inhibitor. 

Infectious complications of hemophilia therapy were once exceed- 
ingly common but, fortunately, have been curtailed by donor screen- 
ing, sophisticated viral inactivation processes, and chemical purification 
techniques used in the preparation of plasma-derived replacement 
material. Recombinant factor concentrates represent the culmination 
of these efforts. Older patients treated before 1983 with concentrates 
were exposed to HIV, hepatitis C, and sometimes to hepatitis B. Most 


patients exposed to HIV became infected and manifested the spectrum 
of signs and symptoms of HIV infection. Viral inactivation techniques 
in conjunction with intense donor screening for hepatitis C antibody 
have greatly decreased the risk for hepatitis C exposure. Nevertheless, 
chronic non-A, non-B hepatitis is a common finding in older patients 
with hemophilia who were treated with concentrates. 

The need for intravenous access to provide factor infusions creates 
another complication with the use of indwelling central venous cath- 
eters to facilitate factor delivery to young children with poor venous 
access. While some patients can be treated with less frequent dosing 
through peripheral veins, some patients undergo surgery for place- 
ment of a central venous catheter. Although these catheters undoubt- 
edly increase adherence to prophylactic treatment, they can serve as a 
nidus for infection, thrombosis, or lead to complications due to surgery 
required for insertion or removal. 


Surgical Bleeding 


Aside from technical causes, most surgical bleeding results from a 
failure to recognize a preexisting coagulopathy. Von Willebrand disease 
and primary or secondary platelet dysfunction are the most common 
causes of bleeding after ear, nose, and throat surgery. Significant hem- 
orrhaging after general surgery is often a manifestation of previously 
undiagnosed mild or moderate hemophilia or vitamin K deficiency. 
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When elective surgery is planned, the decision to perform preop- 
erative hemostatic screening is influenced by the patient’s age (and 
therefore previous exposure to trauma), personal and family histories 
of bleeding, and type of surgery. Certain surgeries, such as tonsillec- 
tomy, scoliosis repair, and central nervous system surgery, provide 
major challenges to hemostasis, having a high frequency of bleeding 
complications. In contrast, most general surgical procedures, such as 
hernia repair, rarely involve clinical bleeding. The diagnostic yield of 
preoperative studies before tonsillectomy and adenoidectomy remains 
controversial. 


GENERALIZED BLEEDING 


Generalized bleeding is a manifestation of a major disorder of hemo- 
stasis, usually caused by a deficiency of multiple factors in association 
with deficient or dysfunctional platelets. Generalized bleeding occurs 
most commonly in the context of DIC in seriously ill patients. 


Disseminated Intravascular Coagulation 


DIC is a generalized consumption of clotting factors, anticoagulant 
proteins, and platelets triggered by a life-threatening illness and usually 
accompanied by ischemia, hypoxia, and shock (Table 38.8). DIC may 
be either a hemorrhagic or a thrombotic disorder, or both, inasmuch 


TABLE 38.8 Causes of Disseminated Intravascular Coagulation Infection 


Gastrointestinal Disorders 
Fulminant hepatitis 


Infection 
Meningococcemia (purpura fulminans) 


Other gram-negative bacteria (Haemophilus species, severe inflammatory bowel disease 


Salmonella species, Escherichia coli) Reye syndrome 


Gram-positive bacteria (group B streptococci, staphylococci 
: (group i ka | Hereditary Thrombotic Disorders 


Rickettsiae (Rocky Mountain spotted fever) aylar aasan 


Virus (cytomegalovirus, herpes, hemorrhagic fevers) ass actin Casna 


Malaria 
Neonatal Disorders 
Maternal toxemia 


Fungus 


Tissue Injury 
Central nervous system trauma (massive head injury) 


Group B streptococcal infections 


Abruptio placentae 


Multiple fractures with fat emboli Severe respiratory distress syndrome 


Crush injury Necrotizing enterocolitis 


Profound shock or asphyxia Congenital viral disease (cytomegalovirus, herpes) 


Hypothermia or hyperthermia Erythroblastosis fetalis 


Massive burns 
Miscellaneous Disorders 


Malignancy Severe acute graft rejection 


n (Ur, Acute hemolytic transfusion reaction 


Acute monoblastic or myelocytic leukemia Severe collagen vascular disease 


Widespread malignancies (neuroblastoma) 


Kawasaki disease 
Venom or Toxin Heparin-induced thrombosis 
Snake bites 


Insect bites 


Infusion of “activated” prothrombin complex concentrates 
Hyperpyrexia/encephalopathy, hemorrhagic shock syndrome 


Microangiopathic Disorders 
“Severe” thrombotic thrombocytopenic purpura or hemolytic uremic syndrome 


Giant hemangioma (Kasabach—Merritt syndrome) 


Modified from Montgomery RR, Scott JP. Hemostasis: disease of the fluid phase. In: Nathan DG, Oski FA, eds. Hematology of Infancy and 
Childhood. 4th ed. Philadelphia: WB Saunders; 1993;2:1639. 
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as the clinical manifestations of this generalized coagulopathy are 
highly variable. Laboratory studies usually demonstrate a prolonged 
PT, decreased fibrinogen level, and decreased platelet level (these are 
the most reliable indicators of DIC), in addition to elevated D-dimer 
levels and a prolonged PTT. 

Several mechanisms can trigger acute DIC, including widespread 
endothelial damage induced directly or indirectly by infectious organ- 
isms and release of procoagulant material after trauma. Virtually any 
life-threatening illness can trigger DIC. In acute DIC, activation of the 
clotting mechanism leads to consumption of clotting factors (1, 2, 5, 
8), anticoagulant proteins (C, S, AT, plasminogen), and platelets. In the 
syndrome known as purpura fulminans, microvascular thromboses 
develop in the skin, causing painful purpuric lesions that progress to 
localized necrotic lesions. Table 38.9 presents laboratory findings in 
DIC in comparison with those in other acquired coagulopathies that 
potentially could be confused with DIC. Because DIC is virtually 
always seen in a child with a life-threatening illness, the clinical diag- 
nosis is usually made on the basis of the child’s clinical appearance in 
association with laboratory abnormalities. Clotting factor and antico- 
agulant protein levels are confirmatory but seldom necessary to reach 
a diagnosis of DIC. The only diagnosis difficult to differentiate from 
DIC in the laboratory is that of severe hepatic disease with impending 
liver failure. The patient with severe liver disease is markedly jaundiced 
and the thrombocytopenia is relatively mild. 


The treatment of DIC focuses on the cause of the DIC, on the 
altered homeostasis that sustains the coagulopathy, and on the bleeding 
or thrombotic complications that ensue. Shock itself plays a critical 
role in DIC because shock reduces the reticuloendothelial clearance of 
activated clotting factors and complexes. Reduced hepatic blood flow 
causes decreased synthesis of depleted clotting and anticoagulant 
proteins. 

To summarize the treatment of DIC: 

1. Treat the initiating and propagating events. 

2. Optimize cardiorespiratory status by improving perfusion and cor- 
recting acidosis. 

3. Replace deficient platelets, clotting factors, and anticoagulant pro- 
teins (Table 38.10) if needed. Specific indications for replacement 
are variable and depend on the patient’s clinical condition and 
severity of bleeding. 

The following are rough guidelines for treatment: 

° Fresh-frozen plasma, 10-15 mL/kg every 6-12 hours, to provide 
clotting factors 

e Platelets, 1-1 single donor apheresis unit for platelet count less 
than 50,000/mm° 

° Cryoprecipitate, 1 bag/5 kg for fibrinogen level less than 100 mg/dL 

° Anticoagulant therapy for major vessel thrombosis 
The efficacy of anticoagulant therapy in DIC has not been proved 

in controlled prospective studies. Heparin has been used for the 


TABLE 38.9 Differential Diagnosis of Coagulopathies That Can Be Confused with 
Disseminated Intravascular Coagulation 


Partial 
Thromboplastin 


Platelets 
Decreased Shock 


Prothrombin Time Time Fibrinogen Clinical Keys 


DIC Increased Increased Decreased 


Liver failure Increased Increased Decreased Normal or decreased Jaundice 


Vitamin K deficiency Increased Increased Normal Normal Malabsorption, GI or liver disease 


sepsis without shock Increased Increased Normal Normal Fever 


DIC, disseminated intravascular coagulation; GI, gastrointestinal. 


TABLE 38.10 Commonly Used Hemostatic Agents 


Component 
FFP (unit) 


Usual Dose 
10-15 mL/kg 


Contents Comments/ Disadvantages 


1 U/mL of each clotting factor Large volume 


Infectious risk 
100 units factor 8/bag Infectious risk 
150 mg fibrinogen/bag 
Factor 13, fibronectin 


5.0-7.0 x 10! platelets in 30-60 mL of plasma 


Cryoprecipitate 
(1 bag) 


0.2 bag/kg 


Platelets (unit) Infectious risk 


J — 1 single donor apheresis unit 


Factor concentrates Units as labeled Factor 8, 20—50 U/kg 
(unit) Factor 9, 30-130 U/kg 


4 ug/mL 0.3 ug/kg/dose 


Recombinant 


Increases factor 8 and VWF 

Improve platelet function 

Also used in uremia, liver disease 

Risk for hyponatremia (rare if fluid 
restriction observed) 


Desmopressin 


AT concentrate Units as labeled Plasma derived or recombinant available 


(Desired AT — baseline AT) x weight (kg)/1.4 


*Key points to transfusion: (1) Determine deficiency state. (2) Use appropriate dose and material. (3) Measure response 1-2 hr and 24 hr after 
transfusion. 
AT, antithrombin; FFP, fresh-frozen plasma; DDAVP, 1-deamino(8-D-arginine) desmopressin; VWF, von Willebrand factor. 


TABLE 38.11 


Fibrinolytic Therapy Standard Heparin 


Recent onset of life- or 
limb-threatening thrombus 


Dose (IPA 01 0.2 mg/kg/hr IV 


Indication 


Increase dose for lack of 
clinical effect 


Adjustment 


achieved 
1-72 hr 5—14 days 


“Lytic state” with D-dimer 


Course 


Monitor by: 
Mechanism Activation of plasminogen to 

plasmin 
(thrombin) and 10 


Medium/high Low 


Risk for bleeding 


CHAPTER 38 Bleeding and Thrombosis 


Thrombus of indeterminate age 


50 U/kg bolus, then 20-25 U/ 
kg/hr continuous IV infusion 


Adjust dose by 5—10% every 
6 hr until desired level or PTT 
PTT, 2—2.5x control value 


Accelerates Al-dependent 
inactivation of factors 2a 


Comparison of Antithrombotic Agents 


Low-Molecular-Weight 
Heparin Warfarin 


Thrombus of indeterminate age Long-term oral anticoagulation 


1 mg/kg SO every 12 hr 
(1.5 mg/kg if <2 mo of age) 


0.1-0.2 mg/kg/day PO 


Check level after 2nd or 3rd dose 
No further monitoring required 
once in goal range 


Daily until stable INR 


Weeks to months 
INR, 2.0-3.0 


5 days—mo 
Low-molecular-weight heparin 
level, 0.5—1.0 


Accelerates AlT-dependent 
inactivation of factor 10 


Impairs vitamin K-dependent 
carboxylation of factors 2, 7, 9, 10 


Low Low 


AT, antithrombin; INR, international normalized ratio; IV, intravenously; PO, per os (orally); PTT, partial thromboplastin time; rTPA, recombinant 


tissue-type plasminogen activator; SO, subcutaneous; UK, urokinase. 


treatment of purpura fulminans, acute promyelocytic leukemia, and 
thromboses that develop in conjunction with DIC. Most patients with 
DIC have a coagulopathy that consumes procoagulant proteins and 
causes clinical oozing or bleeding; in a small percentage of patients, 
however, thrombosis develops. In these patients, anticoagulant therapy 
may decrease morbidity and should be administered in a manner 
similar to that for those patients who have major vascular thrombosis 
(Table 38.11). Deficient clotting factors and platelets should be trans- 
fused to prevent further development of thrombosis or bleeding 
during anticoagulation. 


Neonatal Purpura Fulminans 


The differential diagnosis of a neonate who presents with multiple 
purpuric lesions over the buttocks, trunk, extremities, and face (nose, 
ears) that change from dark red to purple and black over a few minutes 
in association with abnormal neurologic findings or an abdominal 
mass includes sepsis with DIC and a generalized viral infection. A key 
finding in such a neonate for a homozygous protein C deficiency is the 
presence of painful petechiae and purpura (purpura fulminans). After 
viral and bacterial cultures, diagnostic studies should include a CBC 
and coagulation screening for DIC, as well as measurements of protein 
C, protein S, AT3, and plasminogen. 

To confirm this diagnosis, the clinician must differentiate DIC from 
congenital protein C deficiency. DIC is characterized by the consump- 
tion of clotting factors, anticoagulant proteins, and platelets. Although 
protein C levels fallin DIC, patients with congenital protein C deficiency 
have strikingly low levels of protein C. Anticoagulant proteins are rou- 
tinely consumed in situations of widespread activation of the clotting 
mechanism. Therefore, mildly depressed levels of protein S, AT3, and 
plasminogen would be expected when there is generalized intravascular 
coagulation. In congenital protein C deficiency, the protein C level is 
strikingly lower than that of the other anticoagulant proteins, which 
increases the likelihood that the deficiency of protein C represents the 
primary cause of the coagulopathy. To determine whether the deficiency 
is hereditary, the next step is to obtain blood samples from the parents 
to measure levels of the deficient protein or proteins. In homozygous 
deficiencies, the levels of both parents should be reduced. Deficiency of 
protein C, protein S, or AT usually manifests as venous thromboembolic 


disease in adulthood and is inherited as a co-dominant trait. Congenital 
severe, symptomatic protein C deficiency is usually inherited in an 
autosomal recessive manner from asymptomatic parents. 

Therapy must be instituted promptly to replace the deficient anti- 
coagulant protein with fresh-frozen plasma. Fresh-frozen plasma con- 
tains all of the clotting factors in an unconcentrated form. Protein C 
has a short half-life and may need to be infused every 6-12 hours to 
maintain measurable levels. This, unfortunately, leads to problems 
with fluid and protein overload if repeated doses of plasma are neces- 
sary. Protein C concentrate is now available as specific therapy for 
patients with protein C deficiency. The patient should also undergo 
anticoagulation with heparin to limit further thromboses. A striking 
improvement after administration of protein C, either as plasma or as 
concentrate, is strong evidence of the diagnosis. Warfarin therapy has 
been effective in managing such patients on a chronic basis. 


Other Causes of Generalized Bleeding 


A coagulopathy is a common complication of severe liver disease, 
resulting from deficient production of multiple clotting factors and 
anticoagulant proteins in association with increased D-dimer formed 
as a result of hyperfibrinolysis. This may contribute to inhibition of 
platelet function. 

Uremia results in a diffuse bleeding diathesis, with mucosal bleed- 
ing (epistaxis, gastrointestinal bleeding) as a major manifestation. The 
major underlying mechanism in uremic bleeding appears to be 
increased nitric oxide generation, leading to abnormal platelet func- 
tion. Many patients with bleeding caused by uremia or liver disease 
respond to DDAVP. 

Vitamin K deficiency manifests as generalized bleeding into the 
skin, gastrointestinal tract, and central nervous system. Children at 
highest risk are breast-fed neonates, malnourished individuals, those 
receiving broad-spectrum antibiotics, those with cholestatic liver 
disease and subsequent vitamin K malabsorption, and those who have 
ingested rat poison (warfarin). The treatment of patients with vitamin 
K deficiency is parenteral vitamin K. The response is usually rapid, but 
in emergency situations, transfusion of fresh-frozen plasma corrects 
the coagulopathy faster. Differentiation of some of these syndromes 
from DIC is presented in Table 38.9. 
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THROMBOSIS 


Thromboembolic disease in pediatrics has a bimodal age distribution. 
Venous and arterial thrombi are common in newborns, especially in 
premature neonates, because of the combination of low levels of anti- 
coagulant proteins, decreased blood flow, elevated blood viscosity 
because of high hematocrit, and, in particular, because of the place- 
ment of intravascular catheters for monitoring and nutrition. The 
second peak of thromboembolic disease, usually venous in character, 
is in adolescence, when patients with primary deficiencies of antico- 
agulant proteins typically present and when secondary disorders (e.g., 
vasculitis, pregnancy, malignancy, surgery, major trauma, inflamma- 
tory bowel disease, and infection) induce a higher frequency of venous 
thrombosis. 


Venous Thromboembolic Disease 

Diagnostic Approach 

Venous thromboembolic disease classically manifests with a warm, 
swollen, tender extremity or affected organ. The differential diagnosis 
in such cases includes trauma, infection, stasis without thrombosis, 
lymphedema, edema, and neoplasm. In children and adolescents, 
thrombi may develop within major internal organs with distinctive 
clinical manifestations, including sagittal sinus thrombosis with resul- 
tant increased intracranial pressure; hepatic vein thrombosis with the 
Budd-Chiari syndrome; portal vein thrombosis associated with sple- 
nomegaly and varices; and renal vein thrombosis with a resultant 
abdominal mass, hematuria, and proteinuria. Long-term central 
venous access is associated with a significant risk for asymptomatic 
venous thrombosis. Pulmonary emboli may manifest as “atypical” 
pneumonia resulting in shortness of breath and hypoxemia in the 
absence of fever. The hypoxemia may occur in the presence of minimal 
findings on routine chest radiographs. 

The clinician should obtain a careful history for antecedent trauma, 
infection, or other predisposing causes of thromboembolic disease 
(Table 38.12). The abdomen and extremities should be carefully exam- 
ined for mass lesions leading to venous stasis. The presence of a bruit 
or hemihypertrophy of the affected limb is a clue to an arteriovenous 
malformation. In addition, masses within the bone, abdominal tumors, 
and lymphatic obstruction should be considered. Initial laboratory 
studies should include a CBC, platelet count, and evaluation for DIC, 
as well as cultures of the blood if the patient is febrile. During the 
process of a localized thrombosis, there may be consumption of clot- 
ting factors, but rarely is the consumption significant enough in older 
children and adults to induce abnormal results on routine coagulation 
screening tests (platelets, PT, PTT, fibrinogen). Tests for fibrin break- 
down (D-dimer) may be positive. Unfortunately, these tests are non- 
specific and not necessarily diagnostic of vascular thrombosis. Studies 
in adults have indicated that a negative assay for D-dimer has a strong 
negative predictive value for pulmonary embolus, especially when 
combined with an algorithm for risk assignment. The diagnostic 
approach to a patient with suspected venous thrombosis is presented 
in Fig. 38.9. 


Specific Diagnostic Studies 


Compression ultrasonography is generally used to assess for the pres- 
ence of a lower extremity thrombosis and many episodes of upper 
extremity thrombosis. While ultrasound with Doppler flow studies to 
look at flow of red blood cells through arteries or veins may be suffi- 
cient for diagnosis of renal or hepatic thrombosis as well, consideration 
should be given to other modalities, including computed tomography 
(CT) scan, echocardiogram, and venography. Magnetic resonance 
imaging and magnetic resonance venography can be useful in diagno- 
sis of venous dural sinus thrombosis. 


TABLE 38.12 Hypercoagulable States 


Primary Disorders (Congenital) 
Factor V Leiden (activated protein C resistance) 


Prothrombin 20210 mutation 
Protein C deficiency 

Protein S deficiency 
Antithrombin deficiency 
Plasminogen deficiencies 
Homocystinuria 
Dysfibrinogenemia 


Secondary Disorders (Acquired) 
Coagulopathies 


Lupus anticoagulant (antiphospholipid syndrome) 


Nephrotic syndrome 

Oral contraceptives 

Malignancy 

Therapy with activated prothrombin complex concentrates 
Pregnancy 

Autoimmune disorders 


Platelet Disorders 

Diabetes mellitus 

Myeloproliferative disorders 
Thrombocythemia 

Paroxysmal nocturnal hemoglobinuria 


Flow and Vessel Disorders 
Polycythemia-hyperviscosity 
Marfan syndrome 

Vasculitis 

Vessel grafts 

Vascular stasis 

[rauma 

Indwelling catheters 

Surgery 

Immobilization 


Modified from Schafer A. The hypercoagulable states. Ann Intern Med. 
1985;102:814; and from Behrman RE, Kliegman RM, eds. Nelson 
Essentials of Pediatrics. 2nd ed. Philadelphia: WB Saunders; 1994:56. 


If pulmonary embolism is suspected, a spiral CT scan is the diag- 
nostic study of choice. CT scan is indicated in any patient with a 
venous thrombosis, cardiac and/or respiratory symptoms, including 
tachycardia, tachypnea, and hypoxia. Pulmonary embolism may be 
present without significant respiratory distress, and should be consid- 
ered in patients with chest pain or hemoptysis, particularly following 
surgery and immobilization. 


Thrombophilia Testing 


In children, the diagnosis of venous thrombosis in the setting of risk 
factors, such as surgery, immobilization, or catheter placement, does 
not generally warrant any additional work-up. Adult guidelines specifi- 
cally recommend against thrombophilia testing in thrombosis in the 
setting of major transient risk factors. An unprovoked thrombosis merits 
work-up for a congenital or acquired thrombophilic condition. 


Suspect Venous Thrombosis 


| 


PT,* PTT, fibrinogen, platelet count, 
D-dimmer, ultrasound 


Negative D-dimer 
Low index of suspicion, 
Normal ultrasound 


Abnormal 


1. Begin treatment Yes Helical CT scan or 

2. ?Pulmonary symptoms — r V-Q scan 

3. Work-up for hypercoagulability 
FIGURE 38.9 Flow diagram for the approach to a patient with venous 
thromboembolic disease. *See Table 38.12. The INR corrects the PT 
for institutional differences in reagents and instruments. When a patient 
is taking a stable warfarin dosage, the INR is calculated by a ratio of 
the patient's PT to the control PT raised to a correction factor (the 
International Sensitivity Index) that allows for comparison of different 
PT reagents and machines in different laboratories. For all patients 
receiving chronic warfarin therapy, their anticoagulant therapy should 
be measured as the INR. The INR level should be maintained between 
2.0 and 3.0 for effective, safe anticoagulant therapy. An INR exceeding 
3.0 has been associated with increased risk for bleeding without 
improved therapeutic effects for patients with venous thromboembolic 
disease. CT, computed tomography; PT, prothrombin time; PTT, partial 
thromboplastin time; V-O, ventilation-perfusion. 


The most severe inherited thrombophilias are deficiencies of anti- 
coagulant proteins C, S, and AT. Although rare, these are associated 
with a higher relative risk for thrombosis than the more common 
thrombophilias. Levels of protein C, AT3, and plasminogen may be 
depleted after development of deep vein thrombosis, pulmonary 
emboli, or both; low levels do not necessarily imply a congenital defi- 
ciency. If low levels are found, studies should be performed on the 
parents to establish the inheritance of the deficiency because all these 
are inherited as autosomal co-dominant traits. The patients levels 
should be re-evaluated several months after the acute event; the clini- 
cian should remember that warfarin reduces functional levels of all the 
vitamin K-dependent proteins, including proteins C and S. 

Less severe, but more common, thrombophilias include factor 5 
Leiden and the prothrombin gene mutation. These occur in up to 5% 
of the US population and have a lower relative risk for thrombosis. 
Testing of asymptomatic family members is not generally required, 
although affected females should be counseled to avoid estrogen- 
containing oral contraceptives due to a higher risk for thrombosis. 

The lupus anticoagulant causes a prolonged PTT that fails to 
correct on mixing with normal plasma because of the presence of an 
antibody that reacts with the phospholipid reagent in the PTT. The 
lupus anticoagulant does not bind in vivo to the platelet membrane; 
thus, the whole blood clotting time is normal. Paradoxically, the lupus 
anticoagulant is associated with venous and arterial thromboembolic 
disease and spontaneous abortions but is usually not a cause of clinical 
bleeding. If these study findings are negative, the thrombin time should 
be measured or a comparison of functional and antigenic levels of 
fibrinogen should be done to detect a dysfibrinogenemia. 


Arterial Thrombosis 


Arterial thrombi are rare in older children and adolescents and are 
frequently a manifestation of a systemic disorder resulting in vascular 
damage or embolic disease such as sickle cell anemia, Kawasaki disease, 
bacterial endocarditis, periarteritis nodosa, homocystinuria, or cocaine 
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ingestion. The presence of an intraarterial catheter is an obvious 
nidus for thrombosis. Neck trauma that is often mild can cause 
carotid or vertebral artery dissection or aneurysms. These dissections 
or aneurysms can result in emboli to the brain. A history of neck 
trauma should be sought in older children who present with arterial 
stroke. 


Anticoagulant Therapy 

Heparin 

Heparin is the most commonly used agent for the initial treatment of 
venous or arterial thrombosis. Heparin functions as an anticoagulant 
by binding to AT3 and accelerating the AT3-dependent inactivation of 
thrombin and factor 10a, as well as of factors 9a and 11a. Although most 
studies of heparin pharmacokinetics have been performed in adults, 
there are important differences in the pharmacologic features of heparin 
in children and especially neonates. Thirty-nine percent of children 
achieve a prolongation of the PTT within the target range after a bolus 
dose of 50 U/kg. Children younger than 1 year require an average of 
28 U/kg/hr to maintain a therapeutic level of the PTT. In contrast, most 
children older than 1 year are satisfactorily maintained on 20 U/kg/hr 
of heparin. One protocol recommends an initial bolus of 50 U/kg of 
heparin, with 20-25 U/kg/hr for a minimum of 5 days to maintain a 
PTT of approximately 2-2.5 times the control value. The heparin dose 
should be adjusted every 4-6 hours until a satisfactory level is attained. 
Reports in adults suggest that the heparin level is superior for monitor- 
ing heparin therapy. Studies have documented an increased risk for 
recurrent thrombi in patients who failed to achieve adequate antico- 
agulant levels promptly. Heparin levels are especially useful in prema- 
ture and full-term newborns who may have a “normal” prolonged PTT. 
A therapeutic range of 0.3-0.6 U/dL appears to be effective. 

Low-molecular-weight (LMW) heparin provides an alternative to 
standard heparin therapy. Pediatric experience with LMW heparin 
given subcutaneously is similar to that in adults. LMW heparin given 
to infants and children with thromboses appears to be as effective as 
standard heparin, with a similar or reduced risk for bleeding. LMW 
heparin requires much less laboratory monitoring. The therapeutic 
dose of the LMW heparin enoxaparin in pediatrics is 1.5 mg/kg for 
neonates and 1.0 mg/kg every 12 hours for older children. 

For long-term anticoagulant therapy, warfarin can be started after 
the institution of heparin therapy. Total length of therapy for provoked 
clots should not exceed 3 months, while therapy for unprovoked clots 
may extend to 6-12 months or indefinitely, depending on the presence 
of other prothrombotic conditions. 


Fibrinolytic Therapy 


Fibrinolytic therapy is indicated for serious and potentially life- 
threatening thrombosis because it provides a more rapid lysis of clots 
than standard anticoagulant treatment with heparin and is clinically 
effective in both arterial and venous clots. Because bleeding complica- 
tions are many times higher than those with heparin in older individu- 
als, the clinical severity of the clot must justify the use of lytic therapy. 
For smaller thrombi or those in nonvital locations, heparin is safe and 
effective. Lytic therapy is best used early in the evolution of the throm- 
bus. If the clot has been long-standing, it is unlikely that fibrinolytic 
therapy will be efficacious. 

The presence of any intracranial process, recent major surgery, or 
recent significant bleeding is an absolute contraindication to fibrino- 
lytic therapy and a relative contraindication to heparin treatment. In 
patients with a normal cranial sonogram (or CT) and complete occlu- 
sion of the aorta or evidence of compromise of major organ function, 
fibrinolytic therapy has been safely and successfully administered with 
very careful monitoring. Table 38.11 outlines dose and monitoring 
studies for 2 commonly used fibrinolytic agents: recombinant TPA and 
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urokinase. Fibrinolytic therapy appears to result in a more rapid return 
of pulmonary artery flow after pulmonary emboli and may decrease 
the likelihood of postphlebitic syndrome after deep vein thrombosis. 


Warfarin 


Warfarin remains the anticoagulant of choice for long-term oral 
therapy. Newer oral agents available are less well studied in children. 
Warfarin acts by blocking the vitamin K—dependent post-translational 
modification of factors 2, 7, 9, and 10 and of protein C and protein S. 
The usual dose is 0.1-0.2 mg/kg/day. Younger children appear to 
require higher doses to achieve a therapeutic level of the international 
normalized ratio (INR). If warfarin therapy is started early in the 
course of heparin therapy for thrombotic disease, effective oral anti- 
coagulant effect is often achieved by day 5, at which time levels of all 
the vitamin K—dependent factors should be depressed by warfarin. 
Early in the course of treatment with warfarin, the PT is affected first 


because factor 7 has the shortest half-life of the vitamin K—dependent 
procoagulants and factor 7 levels fall briskly after warfarin treatment. 
The aim of warfarin therapy for venous thromboembolic disease is to 
achieve a stable INR of 2.0-3.0. 

For prevention of embolization from prosthetic valves, a higher 
INR may be preferable. Patients with protein C or protein S deficiency 
are at risk for warfarin-induced skin necrosis when warfarin therapy 
is initiated, particularly if high doses are used. These individuals should 
be given heparin before warfarin is started, and they should not receive 
a loading/high dose of warfarin. 

Warfarin may be reversed by administration of either intravenously 
(IV) or oral vitamin K. Although IV vitamin K may work slightly faster, 
response rates at 24 hours are identical and IV vitamin K carries the 
associated risk for over-correction and prolonged subtherapeutic 
INRs. Therefore oral administration is preferable for non—life-threat- 
ening bleeding. 


Bleeding and thrombotic problems are often familial but may be 
acquired. A family history and personal history that quantitate bleed- 
ing episodes are of utmost help in planning an evaluation. Red flags 
include anemia; signs of end-organ bleeding or vascular occlusion, 
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particularly the central nervous system; signs of a systemic disorder 
(pancytopenia, hypotension, rash, weight loss, chronic fever, liver- 
renal-pulmonary system involvement); and signs of hemorrhagic 


shock. 


REFERENCES 


General 

Andrew M. The relevance of developmental hemostasis to hemorrhagic 
disorders of newborns. Semin Perinatol. 1997;21:70-85. 

Burk CD, Miller L, Handler SD, et al. Preoperative history and coagulation 
screening in children undergoing tonsillectomy. Pediatrics. 
1992;89:691-695. 

Mann KG, Brummel-Ziedens K. Blood coagulation. In: Orkin SH, Nathan 
DG, Ginsburg D, eds. Nathan and Oski’s Hematology of Infancy and 
Childhood. 7th ed. Philadelphia: Saunders; 2009. 

Rydz N, James PD. Why is my patient bleeding or bruising? Hematol Oncol 
Clin North Am. 2012;26:321-344. 

Scott JP. Hemorrhagic and thrombotic diseases. In: Kliegman RM, Stanton 
BF, St Geme JW, et al., eds. Nelson Textbook of Pediatrics. 20th ed. 
Philadelphia: Saunders; 2016. 


Coagulopathy 

Kaufman RJ, Powell JS. Molecular approaches for improved clotting factors 
for hemophilia. Blood. 2013;122:3568-3574. 

Leissinger C, Gringeri A, Antmen B, et al. Anti-inhibitor coagulant complex 
prophylaxis in hemophilia with inhibitors. N Engl J Med. 
2011;365:1684-1692. 

Malfait F, De Paepe A. Bleeding in the heritable connective tissue disorders: 
mechanisms, diagnosis, and treatment. Blood Rev. 2009;23:191-197. 

Montgomery RR, Gill JC, Di Paola J. Hemophilia and von Willebrand disease. 
In: Orkin SH, Nathan DG, Ginsburg D, eds. Nathan and Oski’s Hematology 
of Infancy and Childhood. 7th ed. Philadelphia: Saunders; 2009. 

Pipe SW, Goldenberg NA. Acquired disorders of hemostasis. In: Orkin SH, 
Nathan DG, Ginsburg D, eds. Nathan and Oski’s Hematology of Infancy 
and Childhood. 7th ed. Philadelphia: Saunders; 2009. 

Robertson J, Lillicrap D, James PD. Von Willebrand disease. Pediatr Clin 
North Am. 20083;55:377-392. 

Sharathkumar AA, Carcao M. Clinical advances in hemophilia management. 
Pediatr Blood Cancer. 2011;57:910-920. 

Wada H, Thachil J, Di Nisio M, et al. Guidance for diagnosis and treatment 
of disseminated intravascular coagulation from harmonization of the 
recommendations from three guidelines. J Thromb Haemost. 
2013;11:761-767. 


Platelets 

Israels SJ, Kahr WAH, Blanchette VS, et al. Platelet disorders in children: a 
diagnostic approach. Pediatr Blood Cancer. 2011356:975-998. 

Kuter DJ. The biology of thrombopoietin and thrombopoietin receptor 
agonists. Int J Hematol. 2013;98:10-23. 


CHAPTER 38 Bleeding and Thrombosis 


Lambert MP, Poncz M. Inherited platelet disorders. In: Orkin SH, Nathan 
DG, Ginsburg D, eds. Nathan and Oski’s Hematology of Infancy and 
Childhood. 7th ed. Philadelphia: Saunders; 2009. 

Neunert C, Lim W, Crowther M, et al. The American Society of Hematology 
2011 evidence-based practice guideline for immune thrombocytopenia. 
Blood. 2011;117:4190-4207. 

Peterson JA, McFarland JG, Curtis BR, et al. Neonatal alloimmune 
thrombocytopenia: Pathogenesis, diagnosis, and management. Br J 
Haematol. 20133161:3-14. 


Thrombosis 

Agnelli G, Becattini C. Acute pulmonary embolism. N Engl J Med. 
2010;363:266-274. 

Giannakopoulos B, Krilis SA. The pathogenesis of the antiphospholipid 
syndrome. N Engl J Med. 2013;368:1033-1044. 

Goldenberg NA, Bernard TJ. Venous thrombosis in children. Hematol Oncol 
Clin North Am. 2010;24:151-166. 

Holzhauer S, Goldenberg NA, Junker R, et al. Inherited thrombophilia in 
children with venous thromboembolism and the familial risk of 
thromboembolism: an observational study. Blood. 2012;120:1510-1515. 

Klaaasen ILM, van Ommen CH, Middeldorp S. Manifestations and clinical 
impact of pediatric thrombophilia. Blood. 2015;125:1073-1077. 

Leys D, Lucas C, Gobert M, et al. Cervical artery dissections. Eur Neurol. 
1997;37:3-12. 

Raffini L, Trimarchi T, Beliveau J, et al. Thromboprophylaxis in a pediatric 
hospital: a patient-safety and quality-improvement initiative. Pediatrics. 
2011;127:e1326-e1332. 

Yang JYK, Chan AKC. Pediatric thrombophilia. Pediatr Clin N Am. 
2013;60:1443-1462. 


Therapy 

Goel R, Vedantham S, Goldenberg NA. Antithrombotic therapies: 
anticoagulation and thrombolysis. Pediatr Clin N Am. 2013;60:1463-1474. 

Monagle P, Chan AKC, Goldenberg NA, et al. Antithrombotic therapy in 
neonates and children: antithrombotic therapy and prevention of 
thrombosis. 9th ed. American College of Chest Physicians evidence-based 
clinical practice guidelines. Chest. 2012;141:e737S-e801S. 

Roach ES, Golomb MR, Adams R, et al. Management of stroke in infants and 
children: a scientific statement from a special writing group of the 
American Heart Association Stroke Council and the Council on 
Cardiovascular Disease in the Young. Stroke. 2008;39:2644-2691. 

van Es N, Coppens M, Schulman S, et al. Direct oral anticoagulants compared 
with vitamin K antagonists for acute venous thromboembolism: evidence 
from phase 3 trials. Blood. 2014;124:1968-1975. 


SECTION 9 


Infectious Diseases 


Two-thirds of all children visit a physician for fever before they reach 
the age of 2 years. Fever in the pediatric population is usually grouped 
into 4 categories: 

° Fever in the neonate 

° Fever with localizing signs 

e Fever without source (FWS) 

° Fever of unknown origin (FUO) 


PATHOPHYSIOLOGY OF FEVER 


Temperature is controlled by the thermoregulatory center, located in 
the preoptic area of the anterior hypothalamus. The thermoregulatory 
center receives input from peripheral receptors and the temperature of 
the blood bathing the hypothalamus and acts on autonomic, endo- 
crine, and behavioral mechanisms to maintain the body temperature 
at a particular set point. The hypothalamic set point normally main- 
tains body temperature around 37°C, but there can be significant varia- 
tion among individuals. Normal temperatures range from 36-37.8°C, 
depending on the time of day, with the peak in the afternoon (5-7 pM.) 
and the trough in the early morning (2-6 a..). Although the circadian 
rhythm is not well established in infancy, it becomes more reliable by 
the 2nd year of life. 

The febrile response not only produces an elevation in body tem- 
perature but also causes physiologic changes that enhance the indi- 
vidual’s ability to eliminate infection. Production of acute-phase 
reactants and alterations in metabolism and endocrine function are 
examples of these changes. Acute-phase reactants—proteins that are 
produced in response to infection or injury—include ceruloplasmin, 
C-reactive protein, haptoglobin, amyloid A, complement, and fibrino- 
gen. Hormones and cytokines, some of which are endogenous pyro- 
gens, regulate the production of acute-phase proteins. Exogenous 
pyrogens, such as bacteria or endotoxins, generate the production of 
endogenous pyrogens, which play a vital role in prostaglandin-related 
set point elevation and regulation of acute-phase responses. 

Fever results when the thermoregulatory set point is elevated above 
the normal set point; the hypothalamus then generates physiologic 
changes involving endocrine, metabolic, autonomic, and behavioral 
processes. Diversion of blood from peripheral vessels to central vessels 
causes coolness of the extremities but helps increase core temperature. 
Shivering increases metabolic activity and heat production. The 
affected patient may feel cold and seek a warmer environment or add 
clothing to feel warmer and prevent heat loss. Once these processes 
have resulted in increasing the core temperature to match the elevated 
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set point, the thermoregulatory center works to maintain the tempera- 
ture as it does during normothermia. The thermoregulatory point 
returns to normal once the infection is resolved. The hypothalamus 
then produces physiologic changes to decrease the core temperature; 
these include sweating, dilation of cutaneous blood vessels, and the 
sensation of feeling hot, which may lead to behaviors such as removing 
clothing or seeking a cooler environment. 

Fever has both positive and negative effects. High body tempera- 
tures may impair the reproduction and survival of some invading 
microorganisms by decreasing required nutrients, such as free iron, or 
by increasing immunologic responses such as phagocytosis. However, 
at extremely high temperatures, immunologic responses may be 
impaired. Fever increases the basal metabolic rate by 10-12% for each 
degree Celsius elevation of temperature. This increases oxygen con- 
sumption, carbon dioxide production, and fluid and caloric needs. 
Fluid requirements increase 100 mL/m//day for each 1°C rise in tem- 
perature above 37.8°C. 

Heat illness must be distinguished from fever as a cause for ele- 
vated body temperature. In heat illness, there is an unregulated rise in 
body temperature, despite the fact that the hypothalamic set point is 
normal. It can result from excessive heat production or inadequate heat 
dissipation. Temperatures may reach extreme heights and can result in 
multiorgan dysfunction and death. Restoration of normal body tem- 
perature in heat illness is mandatory (Table 39.1). 


FEVER WITHOUT SOURCE 


A child with fever of recent onset with no obvious historical or physical 
explanation for the fever is said to have fever without source (FWS). 
Bacterial pathogens account for a small but clinically significant 
number of cases. The risk of bacterial infection decreases with increas- 
ing age and is highest for infants less than 3 months of age, compared 
to infants and toddlers 3-36 months of age, and even lower for children 
over the age of 36 months. Most of the patients in all age groups have 
a self-limited viral illness. The challenge is to identify which children 
have fever caused by bacterial pathogens, or other pathogens requiring 
treatment, in order to avoid the morbidity and mortality associated 
with delayed treatment, balanced against the risks of testing or treat- 
ment when neither is needed. Bacterial infection must be considered 
in immunocompromised patients or those with central lines or shunts. 
Studies in adults suggest that patients with high fever (>105°F) and 
rigors have a higher risk of bacterial infection; exceptions to this 
include influenza and adenoviral infections. 
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TABLE 39.1 


Excessive Heat Production 

Exertion 

Heat stroke (exertion) 

Malignant hyperthermia (anesthesia induced) 

Neuroleptic malignant syndrome 

Catatonia 

Tetanus 

Status epilepticus 

Delirium 

Endocrine disorders (hyperthyroidism, pheochromocytoma) 

Drugs (cocaine, amphetamines, ephedrine, phencyclidine, tricyclic 
antidepressants, LSD, lithium, thyroid hormone, salicylates) 


Causes of Hyperthermia 


Diminished Heat Dissipation 

Heat stroke 

Occlusive dressings 

Dehydration 

Extensive burns (including severe sunburn) 

Anhidrotic ectodermal dysplasias 

Anticholinergic-like drugs (atropine, antihistamines, phenothiazines, tricyclic 
antidepressants) 

Autonomic neuropathy 

Spinal cord level paralysis (spinal crisis) 

Possible overbundling (especially in a warm environment) 

Therapeutic hyperthermia 


Hypothalamic Dysfunction* 

stroke 

Encephalitis 

Granulomatous processes (Sarcoid, tuberculosis, eosinophilic) 
Trauma 

Central: idiopathic 

Phenothiazines 

Hemorrhage 


*Usually associated with hypothermia. 
LSD, lysergic acid diethylamide. 


$ History 


A detailed history may reveal a potential source for infection. A com- 
plete history addresses several important issues: (1) onset and duration 
of fever; (2) degree of temperature; (3) by what method and in which 
anatomic site the temperature was taken; (4) medications given, 
including antipyretics, antibiotics, or home remedies; (5) environmen- 
tal exposures; (6) associated symptoms; (7) ill contacts; (8) recent 
immunizations, and (9) recent travel. Inquiry into the child’s medical 
history may reveal important information such as recurrent febrile 
illnesses, primary or acquired immunodeficiency, or medications such 
as chemotherapy that alter host defenses. 


Fever: Temperature Measurement 


Rectal temperature measurement is considered to be the gold standard 
for children 3 years of age or younger. The most widely accepted defini- 
tion of fever is rectal temperature of 38°C (100.4°F) or higher. It is 
important to consider that infants, especially those younger than 2 
months of age, may have a blunted febrile (or hypothermic) response 
to infection. Hence, lack of fever should not be used as a criterion for 
ruling out infection in infants. Although rectal temperature measure- 
ment is the gold standard, it should be avoided in neutropenic immu- 
nocompromised patients, in whom rectal manipulation may seed the 
blood with bacteria. 


Oral thermometry can be considered for cooperative patients who 
are older than 4-5 years of age. Axillary temperatures are commonly 
done and tympanic membrane and temporal artery temperatures are 
newer modalities with some studies examining their reliability. Axillary 
temperatures are less precise than rectal temperatures. There is a cor- 
relation between axillary and rectal temperature measurements; the 
axillary temperature is usually 0.5-0.85°C lower. Tympanic membrane 
thermometers are often inaccurate in children. Temporal artery tem- 
perature measurement correlates well with rectal temperature in some 
studies, but has been shown to be inferior when patients are febrile. It 
can be considered in settings when children are not likely to be febrile 
and are over 3 months of age. When detection of fever is critical for 
diagnosis and management, rectal temperatures should be used in the 
child 3 years of age and younger. 


$ Physical Examination 


Many children will have a source for fever identified on their history 
and/or physical examination. If no focus of infection is found on the 
physical examination, the clinician must rely on history and observa- 
tion to determine the appropriate next steps. The child may appear 
ill or well. Ill-appearing children are typically lethargic or irritable. 
They may show signs of shock, including weak peripheral pulses, 
tachycardia, poor perfusion, respiratory distress, mottling, cyanosis, 
or decreased mental status (Table 39.2). After thorough clinical and 
laboratory evaluation, ill-appearing children should be admitted to 
the hospital, and will likely need empiric antibiotic treatment. 


Observational Scales 


Infants and children with fever without source who do not appear ill 
create important decision processes in terms of evaluation and man- 
agement. The physician’s ability to make a hypothesis about the child’s 
degree of illness, on the basis of observation, is critical in the evalua- 
tion. An objective scoring measure may be used in an effort to assess 
serious illness in young febrile children. The Acute Illness Observation 
Scale (AIOS) (Table 39.3), also known as the Yale Observation Score, 
is a 6-item predictive model graded on a scale of 1-5. Use of the AIOS 
in conjunction with the history and physical examination has a higher 
sensitivity for identifying serious illness than history and physical 
examination alone. The AIOS is most useful in patients younger than 
24-36 months; it has not been shown to provide sufficient data to identify 
serious illness in 4- to 8-week-old infants, and has not been evaluated in 
infants less than 4 weeks old. 


$ Differential Diagnosis 


Most children who present with fever without source (FWS) are sub- 
sequently determined to have a self-limited benign viral infection. In 
1 study in 2-36 month old children who presented with FWS, 76% had 
1 or more known pathogenic viruses found; 57% had adenovirus, 
human herpesvirus 6 (HHV-6: roseola), enterovirus, or parechovirus 
detected. Other identifiable viruses include respiratory syncytial virus, 
parainfluenza viruses, influenza viruses, varicella (chickenpox), human 
metapneumovirus and parvovirus (fifth disease/erythema infectio- 
sum). Measles, mumps, and rubella are uncommon in developed 
countries but have been reported in epidemics following imported 
cases or in underimmunized communities. Although rapid testing for 
viral pathogens is often readily available, a detailed investigation to 
identify a viral pathogen is not necessary unless the confirmation of a 
viral infection will change the acute diagnostic plan; treatment with 
antivirals is an option (HSV, influenza) if the fever is prolonged and 
evolves into FUO or if there is end-organ involvement, as in hepatitis, 
myocarditis, encephalitis, or meningitis. 

Most viral infections do not have simultaneous co-infection with a 
bacterial pathogen. Exceptions include croup due to parainfluenza 


TABLE 39.2 


International Consensus 


Definitions for Pediatric Sepsis 


Infection 
SIRS 


Sepsis 
Severe sepsis 


Septic shock 


MODS 


Suspected or Proven Infection or a Clinical 
Syndrome Associated with High 
Probability of Infection 


Two of 4 criteria, 1 of which must be abnormal 

temperature or abnormal leukocyte count: 

1. Core temperature >38.5°C (101.3°F) or <36°C (96.8°F) 
(rectal, bladder, oral, or central catheter) 

2. Tachycardia: 

Mean heart rate >2 SD above normal for age in 
absence of external stimuli, chronic drugs or painful 
stimull 

or 

Unexplained persistent elevation over 0.5—4 hr 

or 

In children <1 yr old, persistent bradycardia over 
0.5 hr (mean heart rate <10th percentile for age in 
absence of vagal stimuli, B-blocker drugs, or congenital 
heart disease) 

3. Respiratory rate >2 SD above normal for age or acute 
need for mechanical ventilation not related to 
neuromuscular disease or general anesthesia 

. Leukocyte count elevated or depressed for age (not 
secondary to chemotherapy) or >10% immature 
neutrophils 


SIRS Plus a Suspected or Proven Infection 


sepsis plus 1 of the following: 
1. Cardiovascular organ dysfunction, defined as: 
Despite >40 mL/kg of isotonic intravenous fluid in 1 hr: 
e Hypotension <5th percentile for age or systolic 
blood pressure <2 SD below normal for age 
or 
e Need for vasoactive drug to maintain blood pressure 
or 
e 2 of the following: 
e Unexplained metabolic acidosis: base deficit 
25 med) 
Increased arterial lactate: >2 times upper limit 
of normal 
e Oliguria: urine output <0.5 mL/kg/hr 
e Prolonged capillary refill: >5 sec 
e Core to peripheral temperature gap >3°C (5.4°F) 
. ARDS as defined by the presence of a Pao,/Fio, ratio 
<300 mm Hg, bilateral infiltrates on chest radiograph, 
and no evidence of left heart failure 
or 
Sepsis plus 2 or more organ dysfunctions (respiratory, 
renal, neurologic, hematologic, or hepatic) 


Sepsis plus cardiovascular organ dysfunction as defined 
above 


Presence of altered organ function such that homeostasis 
cannot be maintained without medical intervention 


ARDS, acute respiratory distress syndrome; FIO, fraction of inspired 
oxygen; MODS, multiple organ dysfunction syndrome; Pao,, partial 
pressure arterial oxygen; SIRS, systemic inflammatory response 


syndrome. 


From Turner DA, Cheifetz IM. Shock. In: Kliegman RM, Stanton BF, 
St Geme JW Ill, et al, eds. Nelson Textbook of Pediatrics. 20th ed. 
Philadelphia: Elsevier; 2016:522, Table 70.7. 
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virus, which may predispose to bacterial tracheitis and influenza, 
which may predispose to bacterial pneumonia. The sequence may be 
biphasic with viral symptoms followed by improvement, followed by 
worsening symptoms of the bacterial superinfection, or both phases 
may not be apparent as the child demonstrates no improvement or 
deterioration. Respiratory syncytial virus (RSV) may predispose 
patients to otitis media. 

Noninfectious conditions manifesting with FWS are extremely rare. 
Historical clues (recurrences, chronicity) or systemic signs usually 
indicate malignancy or rheumatic disorders. If the history and physical 
examination are not suggestive, these diagnoses need not be pursued. 
Heat-related illness or drug ingestion may be considered if supported 
by the history. Fever caused by immunizations may not be accompa- 
nied by other signs or symptoms, but the history should suggest immu- 
nization as the cause. 


Urinary Tract Infections (UTIs) 


UTIs are the most common serious bacterial infection in children less 
than 36 months of age who present with FWS. UTIs are almost always 
occult in children younger than 24 months because the symptoms, 
except for fever, are nonspecific or nonexistent. UTI occurs in 7% of 
febrile children younger than 2 years. The prevalence of UTI varies by 
height of the fever, duration of the fever, age, gender, race, and circum- 
cision status. Children with fever greater than 39°C are at a higher risk 
of UTIs. Boys with fever for more than 2 days and girls with fever for 
more than 1 day are more likely to have a UTI. Higher rates of UTIs 
are found in girls, especially those younger than 12 months of age. For 
febrile boys younger than 3 months of age, 20.1% of those who are 
uncircumcised have a UTI; for circumcised boys the rate is 2.4%. UTI 
rates are higher among white infants than among black infants and 
among children with abnormal genitourinary tract anatomy or neu- 
rogenic bladder. 

Urine specimens should be obtained from the following children 
with FWS: those with a history of UTI, those with a history of urinary 
tract anomalies or vesicoureteral reflux, all infants younger than 2 
months, girls younger than 12-24 months, uncircumcised boys younger 
than 12 months, and circumcised boys younger than 6 months. There 
is an age-associated risk of bacteremia with UTIs, particularly in 
infants. The incidence of bacteremia in patients younger than 2 months 
with UTI is 10%. The incidence of bacteremia in patients younger than 
2 months with UTI ranges from 4-15% depending on the setting. 
Opinions regarding when to obtain blood cultures in infants with UTI 
differ, but a reasonable approach would be to obtain blood cultures in 
children younger than 2-6 months with suspected UTI, and in older 
infants with UTI if they are ill-appearing (urosepsis). 


Bacteremia 


Occult bacteremia is defined by the presence of a positive blood 
culture for pathogenic bacteria in a febrile patient who does not appear 
extremely ill and who has no focus of infection, excluding otitis media. 
Following the introduction of the 7-valent pneumococcal vaccine in 
2007, invasive pneumococcal disease decreased dramatically. Pneumo- 
coccal bacteremia decreased from 80% of the cases of bacteremia to 
30%. Most cases of bacteremia in children were not occult. Bacteremic 
children were either ill or had a focus of infection, such as a UTI. In 1 
study, the rate of occult bacteremia after 2007 was 0.25%. After the 
13-valent pneumococcal vaccine was introduced in 2010, the incidence 
of invasive pneumococcal disease in children less than 5 years old 
decreased again with 1 state-based population study showing incidence 
rates dropping from 46/100,000 to 23/100,000 with the age group most 
involved being children 2-23 months of age. Escherichia coli is the most 
common cause of bacteremia in children aged less than 12 months, 
all due to UTIs. Other less common causes of bacteremia in young 


TABLE 39.3 Acute Illness Observation Scale 


Observation Item 
Quality of cry 


Reaction to parent 
stimulation 


State variation 


Hydration 


Response (talk, smile) 
to social overtures 
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Normal 


Strong with normal tone 
or 
Content and not crying 


Cries briefly, then stops 
or 
Content and not crying 


If awake — stays awake 

or 

If asleep and stimulated 
— wakes up quickly 


Pink 


Skin normal, eyes normal 
and 
Mucous membranes moist 


smiles 
or 
Alert (<2 mo) 


3 


Moderate Impairment 


Whimpering 
or 
sobbing 


Cries off and on 


Eyes close briefly > 
awakens 

or 

Awakes with prolonged 
stimulation 


Pale extremities 
or 
Acrocyanosis 


Skin, eyes normal 
and 
Mouth slightly dry 


Brief smile 
or 
Alert briefly (<2 mo) 


5 
Severe Impairment 


Weak 

or 

Moaning 

or 

High-pitched 
Continual cry 
or 

Hardly responds 


Falls asleep 
or 
Will not rouse 


Pale 

or 

Cyanotic 

or 

Mottled 

or 

Ashen 

Skin doughy 

or 

Skin tented 

and 

Dry mucous membranes 
and/or Sunken eyes 

No smile; face anxious, 
dull, expressionless 

or 


No alertness (<2 mo) 


From McCarthy PL, Sharpe MR, Spiesel SZ, et al. Observation scales to identify serious illness in febrile children. Pediatrics. 1982;70:802. 


children are N. meningitidis, nontyphoidal Salmonella, Staphylococcus 
aureus, and group A streptococcus. Neisseria meningitidis bacteremia 
is frequently associated with serious sequelae. Children with N. men- 
ingitidis bacteremia are much more likely to progress to meningitis 
than are those with S. pneumoniae bacteremia. Nontyphoidal Salmo- 
nella bacteremia is often accompanied or preceded by enteritis. In 
some instances, particularly in young infants, the diarrhea is mild or 
even absent. The prevalence of Salmonella bacteremia among patients 
with Salmonella enteritis has been reported to be between 2% and 45%; 
fever is not always present. Salmonella infection seldom causes serious 
complications in patients with normal host defenses and resolves spon- 
taneously. Infants younger than 3 months, malnourished, and immuno- 
compromised individuals are exceptions. 


® Role of Diagnostic Testing in Patients 

with Fever Without Source 

Evaluation is usually divided into 4 different age ranges: younger than 
1 month, 1-3 months, 3-36 months, and older than 36 months. Testing 
for each individual age group is based on risks for diseases and preva- 
lence of pathogens. 


Complete Blood Count and Other Markers of Inflammation 


The white blood cell (WBC) count is the most commonly used test in 
young children with FWS. Complete blood count (CBC) is less useful 


as a marker for invasive disease caused by E. coli than by S. pneumoniae, 
thus its utility has declined with the reduction of the incidence of 
invasive pneumococcal disease. Similarly, band counts are less com- 
monly used, except in the 29-60 day old infant as part of identifying a 
low-risk cohort. A WBC count of 5,000-15,000 is generally considered 
normal for children over 1 month of age. A WBC count less than 
15,000/mm°* or even leukopenia may be found in children with N. 
meningitidis bacteremia. A minority of children with occult nonty- 
phoidal Salmonella bacteremia have been found to have a WBC count 
exceeding 15,000/mm’. C-reactive protein (CRP) and procalcitonin 
combined with a urine dipstick (the lab score) can be used to screen 
for bacterial infection. This combination of tests has been validated for 
children 7 days to 36 months of age. 


Polymerase Chain Reaction (PCR) 


PCR is useful in identifying the cause of fever for common viruses such 
as respiratory syncytial virus, influenza viruses, parainfluenza viruses, 
enteroviruses, parechovirus, adenoviruses, or herpes simplex virus. 
Additional methods available or in development that may be 
helpful to identify serious bacterial infections and distinguish bacterial 
from viral infections utilize molecular microbiology methods. Gene 
expression profiles of the patient’s peripheral blood leukocytes dem- 
onstrate different biosignatures of RNA production that may differen- 
tiate bacterial from viral infections. This method does not identify the 


specific pathogen. Rapid multiplex PCR combined with standard 
blood culture methods may identify a specific pathogen much sooner 
(~20 hours) than standard blood culture techniques. Specific bacteria 
may be identified using 16S ribosomal RNA bacterial gene detection. 
This method does not require bacterial growth. 16S rRNA detection 
may be helpful when antibiotics were administered before the sample 
was obtained, and in patients with ventilator-associated pneumonia or 
bacteria that grow poorly or are present in effusions or tissues (heart 
valves). 


Blood Cultures 


Blood cultures are the gold standard for determination of bacteremia. 
Although blood cultures do not provide immediate results, methods 
allow for continuous and more rapid detection of bacterial growth. 
Blood cultures are easy to perform and provide essential information 
in the diagnosis and management of patients with possible bacteremia. 
Preliminary blood culture results are typically available within 24 
hours, with positive identification of most organisms within 48 hours. 

False-negative blood culture results may be due to prior treatment 
with antibiotics, missing an episode of bacteremia if it is intermittent, 
and inoculation of too little blood into the culture media. Alternatively, 
too much blood inoculated into the blood culture bottle may yield a 
false-negative result because of ongoing killing of bacteria by neutro- 
phils. Three to 5 mL of blood should be added to each blood culture 
bottle. False-positive results may be due to inadequate skin prepara- 
tion, leading to contamination with skin flora. 


Urinalysis and Urine Culture 


A positive urine culture was once considered the gold standard; current 
recommendations include a urinalysis that has pyuria (defined as >5 
WBCs/high-power field [hpf] on the microscopic examination or a 
positive leukocyte esterase on dipstick) and a positive urine culture for 
a uropathogen in an appropriately collected specimen. Fifty to 100,000 
colonies of a single organism is considered positive (see Chapter 18). 
Children should have a catheterized urine specimen obtained, unless 
they are toilet-trained and can supply a clean voided specimen. Supra- 
pubic aspiration is acceptable but requires technical expertise, and 
parents often perceive it as unsuitably invasive; it may be the only 
alternative for boys with severe phimosis. The use of plastic receptacles 
attached to the perineum should be discouraged because contamina- 
tion from skin and fecal flora commonly occurs. 


Lumbar Puncture 


Lumbar puncture is indicated if the patient is younger than 28 days or 
if a diagnosis of sepsis, meningitis, or encephalitis is considered, regard- 
less of the child’s age. Normal cerebrospinal fluid (CSF) findings, 
including chemistry, cell count with differential, Gram stain, PCR, and 
culture, help exclude the diagnosis of meningitis. Less than 1% of chil- 
dren with normal preliminary CSF results have a positive culture; in 
most of these, the pathogen is N. meningitidis. Thus, even in the pres- 
ence of normal preliminary CSF results, close follow-up is essential. 


Chest Radiographs 


Chest radiographs are usually normal in children who have FWS. 
Respiratory signs or symptoms, such as tachypnea, retractions, crack- 
les, wheezing, rhonchi, nasal flaring, grunting, cough, or hypoxia, may 
predict chest radiograph findings consistent with pneumonia. In prac- 
tice, pneumonia can often be diagnosed solely on the basis of the 
clinical findings of fever, tachypnea, and crackles; chest radiographs 
are not always necessary. However, chest radiographs may be useful in 
evaluating for the presence of pleural effusion or other complications 
of pneumonia. 
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Stool Cultures 


Most acute diarrhea and fever is caused by viral pathogens in devel- 
oped countries. Obtaining a stool culture is indicated if bacterial 
enteritis is indicated by the presence of risk factors in the history, such 
as blood in the stool or certain exposures (petting zoos) (see 
Chapter 11). 


® Evaluation and Management 

Children Younger Than 3 Months 

Febrile infants younger than 3 months have a higher incidence of 
serious bacterial infections than older infants. The relatively high inci- 
dence of bacterial disease probably results from a combination of 
factors unique to this age group: decreased opsonin activity; decreased 
macrophage function; decreased neutrophil function; poor immuno- 
globulin G antibody response to encapsulated bacteria; and suscepti- 
bility to bacterial pathogens such as group B streptococci (GBS), 
gram-negative enteric organisms, and Listeria monocytogenes. The inci- 
dence of early-onset group B streptococcal infections has decreased 
with routine screening and the intrapartum treatment of GBS-positive 
pregnant women; the incidence of late-onset GBS (>1 week) has not 
decreased. E. coli is the most common organism causing bacterial 
infections in neonates and young infants. 

In very young infants, clinical evaluation alone is inadequate for 
excluding serious bacterial infections. Management of febrile infants 
younger than 28 days includes a sepsis evaluation and hospitalization 
for parenteral antimicrobial therapy pending culture results. The rea- 
soning for this conservative approach lies in the difficulty in evaluating 
the behavioral state of neonates, the rapid clinical deterioration of 
infants with bacterial infections, the immature neonatal immune 
system, and the possibility of life-threatening viral infections caused 
by herpes simplex viruses (HSV) or enteroviruses. Sepsis evaluation 
should include culture of the CSF, blood, and urine; a complete blood 
cell count with differential; examination of the CSF for cells, protein, 
and glucose; and urinalysis. A chest radiograph should be considered 
if the patient has signs or symptoms of a respiratory infection. Testing 
(blood and CSF PCR for HSV) and treatment for possible HSV infec- 
tion should be considered in ill-appearing infants, those with a seizure 
prior to presentation, and those with a vesicular rash consistent 
with HSV. 

A combination of clinical evaluation and laboratory studies can be 
used to define a specific population of infants aged 29-60 days who 
do not appear ill and are at low risk for bacterial infections. Infants at 
low risk for bacterial infections are those who are previously healthy 
with no focus of bacterial infection on physical examination and who 
have negative laboratory screening results. A number of prospective 
studies have contributed to the development of specific low-risk 
screening criteria (Table 39.4). The age groups included vary by study, 
ranging from 0-90 days to 29-56 days. Because there are differences in 
study criteria used to define infants at low risk for bacterial infections 
the most conservative values have been used in the guidelines pre- 
sented in this chapter. Negative laboratory screening results consist of 
a WBC count of 5000-15,000/mm’; fewer than 1500 bands/mm‘’ or a 
band-to-neutrophil ratio of less than 0.2; fewer than 10 WBCs/hpf and 
no organisms on urinalysis; and fewer than 8 WBCs/hpf and no organ- 
isms on CSF Gram stain. Some experts also include a negative chest 
radiograph and, when diarrhea is present, a stool examination with 
fewer than 5 WBCs/hpf. 

Most experts suggest that febrile infants 29-60 days old who meet 
the low-risk criteria and have access to close follow-up can be managed 
as outpatients. Blood, urine, and CSF cultures should be obtained 
before empirical antibiotic treatment so that viral and bacterial causes 
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may be distinguished. An alternative strategy is to manage such infants 
as outpatients, without empirical antibiotic therapy, after blood, CSF, 
and urine cultures are obtained. Although most of the original studies 
on outpatient management of febrile infants included infants aged 2-3 
months, many experts agree that infants aged 2-3 months can be 
managed safely according to the guidelines for infants and children 
aged 3-36 months (Table 39.4). 

Regardless of whether the clinician chooses to treat the patient with 
empiric antibiotics, all low-risk infants should be re-evaluated within 
24 hours. Those who appear ill or who have positive culture results 
should be admitted for parenteral antibiotics. If a child appears well 
and all culture results are negative, close follow-up should be contin- 
ued and a 2nd return visit made in 24 hours. 


Children Aged 3 to 36 Months 


The risk of bacteremia for children with FWS in this age group has 
decreased with the routine use of pneumococcal vaccines. The most 
common occult bacterial infection in this age group is UTI. For chil- 
dren in this age group who appear ill, a full sepsis evaluation should 
be undertaken (Table 39.5). 


TABLE 39.4 Low-Risk Criteria in a Child 
1-3 Mo Old with Fever 


Boston Criteria 

Infants are at low risk if they appear well, have a normal physical 
examination, and have a caretaker reachable by telephone, and if 
laboratory tests are as follows: 

e CBC: <20,000 WBC/uL 

e Urine: negative leukocyte esterase 

e CSF: leukocyte count less than 10 x 10°/L 


Philadelphia Protocol 
Infants are at low risk if they appear well and have a normal physical 
examination, and if laboratory tests are as follows: 
e CBC: <15,000 WBC/uL; band: total neutrophil ratio <0.2 
e Urine: <10 WBC/hpf; no bacteria on Gram stain 
CSF: <8 WBC/uL; no bacteria on Gram stain 
Chest radiograph: no infiltrate 
stool: no RBC; few to no WBC 


Pittsburgh Guidelines 
Infants are at low risk if they appear well and have a normal physical 
examination, and if laboratory tests are as follows: 
CBC: 5,000-15,000 WBC/uL; peripheral absolute band count <1,500/uL 
Urine (enhanced urinalysis): 9 WBC/uL and no bacteria on Gram stain 
CSF: 5 WBC/uL and negative Gram stain; if bloody tap, then WBC:RBC 
<1:500 
Chest radiograph: no infiltrate 
stool: 5 WBC/hpf with diarrhea 


Rochester Criteria 

Infants are at low risk if they appear well and have a normal physical 
examination, and if laboratory findings are as follows: 

e CBC: 5,000-15,000 WBC/uL; absolute band count <1,500/uL 

e Urine: <10 WBC/hpf at x40 

e Stool: <5 WBC/hpf if diarrhea 


CBC, complete blood count; CSF, cerebrospinal fluid; hpf, high- 
powered field; RBC, red blood cell; WBC, white blood cell. 

From Nield LS, Kamat D. Fever without a focus. In: Kliegman RM, 
Stanton BF, St Geme JW Ill, et al, eds. Nelson Textbook of 
Pediatrics. 20th ed. Philadelphia: Elsevier; 2016:1281, Table 177.2. 


Screening urinalysis (UA) for UTI should be considered in children 
with a history of UTI, children with a history of urinary tract anoma- 
lies or vesicoureteral reflux, girls younger than 12-24 months, espe- 
cially when the temperature is greater than 39.0°C, uncircumcised boys 
younger than 12 months, and circumcised boys younger than 6 
months. Blood cultures are recommended for children with probable 
UTIs who are less than 6 months of age. A febrile child with moderate 
leukocyte esterase on urine dipstick testing or pyuria on an appropri- 
ately collected specimen should be treated presumptively for a UTI. 
Urine cultures should be obtained for any patient with a suspected 
UTI. The choice of antibiotics should be guided by knowledge of the 
common pathogens that cause UTIs and by patterns of antibiotic 
sensitivity in the community. Hospitalization should be considered for 
the child who is vomiting, is dehydrated, or appears ill; for those in 
whom compliance is likely to be poor; and for any patient with under- 
lying renal or urologic anomalies. 

Examination and culture of the CSF are the only tests to exclude 
the diagnosis of meningitis and encephalitis. They should be consid- 
ered in any child in whom the diagnosis of sepsis, meningitis or 
encephalitis is suspected on the basis of the history, observation, and 
physical examination findings. Outpatient management of children 
with FWS is acceptable for those with a low probability of meningitis, 
good follow-up, and reliable caregivers. Blood cultures should be 
obtained for all children in whom sepsis or meningitis is suspected. 
Empiric treatment with antibiotics should be considered in those sus- 
pected of sepsis or meningitis after appropriate cultures are obtained. 

In summary, management of children aged 3-36 months with fever 
is based on clinical experience and numerous study results: 

° Child who appears ill on initial evaluation or on follow-up: Admit 
to the hospital for parenteral antibiotics after appropriate labora- 
tory evaluation. 

° Well-appearing children with FWS should be screened for UTIs, 
based on their number of risk factors. Risk factors for girls are: age 
<12 months, white race, temperature greater than 39°C, and fever 
for 2 or more days. Girls 2-24 months of age with 1 or more of 
these risk factors have a greater than 1% probability of having a 
UTI, and should be screened for a UTI. 

For boys, the risk factors are uncircumcised status, nonblack 
race, temperature greater than 39°C, and fever for over 24 hours. 
All uncircumcised boys less than 12 months old, even if they don’t 
have other risk factors, should be screened for a UTI. For boys who 
are circumcised, 2 or more of the other risk factors increases the 
risk to over 1% and they should be screened. 

e Child with positive blood culture: Reevaluation should occur in any 
child whose blood culture is presumptively positive. If the blood is 
found to contain N. meningitidis or Haemophilus influenzae (which 
has been rare since the advent of H. influenzae b immunization), a 
CSF sample and a repeat blood culture should be obtained, and the 
child should be admitted to the hospital for parenteral antibiotics, 
pending the results of the cultures. The child with occult pneumo- 
coccal bacteremia who appears well and is afebrile when returning 
for a follow-up may be managed as an outpatient with parenteral 
ceftriaxone followed by oral antibiotics according to the sensitivity 
of the organism. Because of the concern of pneumococcal resis- 
tance to penicillin, a 2nd dose of intramuscular ceftriaxone may be 
given until sensitivity results are available. If the culture is positive 
for nontyphoidal Salmonella organisms and the child is younger 
than 3 months, full sepsis evaluation and intravenous antibiotics 
are recommended. Oral antibiotics and close follow-up are recom- 
mended for older children with Salmonella bacteremia. 

e Child with positive urine culture: If the child is afebrile and appears 
well, treatment with oral antibiotics is recommended, according to 
the sensitivity of the organism. 
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TABLE 39.5 Management of Fever Without Source 


Group Management 


Any toxic-appearing child 0-36 mo and temperature 
>38°C (100.4°F) 

Child <1 mo and temperature >38°C (100.4°F) 

Child 1-3 mo and temperature >38°C (100.4°F) 


Two-Step Process 


Hospitalize, broad cultures plus other tests,” parenteral antibiotics 


Hospitalize, broad cultures plus other tests,” parenteral antibiotics 


1. Determine risk based on history, physical examination, and laboratory studies. 


Low risk: 


Uncomplicated medical history 

Normal physical examination 

Normal laboratory studies 

Urine: negative leukocyte esterase, nitrite and <10 WBC/hpf 

Peripheral blood: 5,000—-15,000 WBC/mm*; <1,500 bands or band: total neutrophil ratio <0.2 

Stool studies if diarrhea (no RBC and <5 WBC/hpf) 

CSF cell count (<8 WBC/uL) and negative Gram stain 

Chest radiograph without infiltrate 

. lf child fulfills all low-risk criteria, administer no antibiotics, ensure follow-up in 24 hr and access to 

emergency care if child deteriorates. Daily follow-up should occur until blood, urine, and CSF cultures 
are final. If any cultures are positive, child returns for further evaluation and treatment. If child does not 
fulfill all low-risk criteria, hospitalize and administer parenteral antibiotics until all cultures are final and 
definitive diagnosis determined and treated 


Child 3-36 mo and temperature 38-39°C 
(100.4—102.2°F) 


Child 3-36 mo and temperature >39°C (102.2°F) 


Two-Step Process 


Reassurance that diagnosis is likely self-limited viral infection, but advise return with persistence of fever, 
temperatures >39°C (102.2°F), and/or new signs and symptoms 


1. Determine immunization status 

2. If received conjugate pneumococcal and Haemophilus influenzae type b vaccines, obtain urine studies 
(urine WBC, leukocyte esterase, nitrite, and culture) for all girls, all boys <6 mo old, all uncircumcised 
boys <2 yr, all children with recurrent urinary tract infections 
If did not receive conjugate pneumococcal and H. influenzae type b vaccines, manage according to the 

1993 Guidelines (see Baraff et al. Ann Emerg Med. 1993;22:1198-1210.) 


*Other tests may include chest radiograph, stool studies, herpes simplex virus polymerase chain reaction. 
CSF, cerebrospinal fluid; hpf, high-powered field; RBC, red blood cell; WBC, white blood cell. 
From Nield LS, Kamat D. Fever without a focus. In: Kliegman RM, Stanton BF, St Geme JW Ill, et al, eds. Nelson Textbook of Pediatrics. 20th 


ed. Philadelphia: Elsevier; 2016: Table 177.3.) 


Children Older Than 36 Months 


Evaluation and management of ill-appearing children older than 36 
months with fever without source are similar to those of younger 
children. For children in this age group who do not appear ill, no 
screening diagnostic tests are indicated. Close attention should be paid 
to environmental exposures and ill contacts because of the high likeli- 
hood of increased contacts in this school-aged cohort. 


CENTRAL NERVOUS SYSTEM INFECTIONS 
Bacterial Meningitis 


Bacterial meningitis is usually a disease of infants and young children. 
The attack rate is highest between the ages of 3 and 8 months; 66% of 
cases occur in children younger than 5 years of age. Bacterial menin- 
gitis is seen during all seasons; however, there may be a seasonal cor- 
relation between the presence of preceding respiratory pathogens in 
the upper respiratory tract and the subsequent development of bacte- 
rial meningitis. Bacterial meningitis usually occurs sporadically. Clus- 
ters of cases have been noted in day care centers, colleges, and other 
closed communities. Bacterial meningitis occurs more frequently in 
children with traumatic fractures of the cribriform plate or paranasal 
sinuses or with a cochlear implant (pneumococci); in children who 
have undergone neurosurgical procedures such as ventricular shunts 
(S. aureus, S. epidermidis, Corynebacterium species); in children with 


congenital or acquired immunodeficiencies (pneumococci, L. monocy- 
togenes, meningococci); in children with anatomic or functional 
asplenia (pneumococci, meningococci); and in children with sickle 
hemoglobinopathies (pneumococci). There may be a genetic predis- 
position in some groups to the development of meningitis, inasmuch 
as there is an increased incidence of H. influenzae type b meningitis in 
Navahos and Eskimos. 

Bacterial meningitis manifests in 2 patterns. In the Ist, the symp- 
toms develop slowly over several days, the initial symptoms being those 
of a nonspecific illness. The signs and symptoms of meningitis develop 
subsequently. In the 2nd pattern, the disease develops suddenly and 
quickly, the 1st indications of illness being the signs and symptoms of 
meningitis and/or sepsis. 

The manifestations of meningitis depend on the child’s age. In 
infants, the findings are usually nonspecific and may be subtle; they 
include vomiting, diarrhea, irritability, lethargy, poor appetite, respira- 
tory distress, seizures, hypothermia, and jaundice. Only 50% of affected 
infants have fever; some present only with fever. It is uncommon for 
affected young infants to have a stiff neck; only 30% have a bulging 
fontanel. 

Older children present with more specific meningeal signs. They 
complain of a headache that is described as being severe, generalized, 
deep-seated, and constant. They complain about neck stiffness, caused 
by inflammation of the cervical dura and reflex spasm of the extensor 
muscles of the neck. There is pain and limitation of motion on flexion 
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of the neck, but lateral movement of the neck may be normal and 
pain-free. They also complain of nausea, vomiting, anorexia, and 
photophobia. 

On examination, they demonstrate irritability, mental confusion or 
altered consciousness, nuchal rigidity, and, occasionally, hyperesthesia 
and ataxia. The clinician demonstrates nuchal rigidity by feeling resis- 
tance and observing a painful response while flexing the patients neck. 
The stiffness may not be recognized until the end of flexion. The neck 
usually can be rotated without symptoms. In the child who is crying 
and tensing the muscles, nuchal rigidity may be demonstrated if the 
examiner places 1 hand under the occiput of the supine patient and 
lifts the child. If the neck does not flex, it is stiff. Alternatively, a sitting 
child may be observed following an object as it falls to the floor. The 
child who flexes the neck to look at the object does not have nuchal 
rigidity. In the presence of meningitis, flexion of the neck causes spon- 
taneous flexion of the legs at the hips and knees, the Brudzinski sign 
(Fig. 39.1). The Kernig sign is elicited when the patient lies supine and, 
with the knee flexed, the leg is flexed at the hip. The knee is then 
extended. A positive sign is present if this movement is limited by 
contraction of the hamstrings and causes pain. Absence of nuchal 
rigidity is found in 1.5% of older children with meningitis; it may be 
absent in children who have overwhelming infections, are deeply 
comatose, or who have focal or global neurologic impairment. 

As many as 15% of children with bacterial meningitis initially 
present in a comatose or semicomatose state (see Chapter 31). Because 
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FIGURE 39.1 A, Brudzinski sign. The patient lies supine, and the head 
is passively elevated from the table by the examiner. The patient 
complains of neck and low back discomfort and attempts to relieve 
the meningeal irritation by involuntary flexion of the knees and hips. 
B, Kernig sign. The patient lies supine, with the hips and knees flexed. 
The knees are then gradually extended. Complaints of pain in the lower 
back, neck, and/or head are suggestive of meningeal irritation. (From 
Reilly BM. Practical Strategies in Outpatient Medicine. 2nd ed. Phila- 
delohia: WB Saunders; 1991:95.) 


of the short duration and inconsistent development of increased intra- 
cranial pressure, papilledema is usually not seen at presentation. When 
it is present, venous sinus thrombosis, subdural effusion, or an intra- 
cranial abscess must be considered. Seizures occur before hospital 
admission in up to 20% of affected patients. 

Children with meningitis may also present with cutaneous findings. 
Although commonly associated with meningococcal disease, purpura, 
petechiae, or a diffuse nonspecific maculopapular rash may be present 
in meningitis caused by any of the common bacterial pathogens (see 
Chapter 40). 

Septic arthritis may be seen simultaneously with bacterial menin- 
gitis. This has been assumed to be caused by simultaneous localizing 
infection after a primary bacteremia. Reactive arthritis caused by 
immune complex deposition is also seen with bacterial meningitis. 
This arthritis affects 1 large joint and appears 5-7 days after treatment 
for meningitis has started. In general, arthritis occurring acutely with 
meningitis should be assumed to be infectious (see Chapter 33). 

Various eye disorders have also been described with acute bacterial 
meningitis, including transient cataracts, paralysis of the extraocular 
muscles, pupillary dysfunction, dendritic ulcers, endophthalmitis, cor- 
tical blindness, and conjunctivitis. 

Recurrent episodes of bacterial meningitis rarely occur. Potential 
etiologies include congenital CSF fistulas (inner ear, dermal sinus, 
neuroenteric cysts, lumbosacral sinus tracts), traumatic or surgical CSF 
fistula (skull fracture, postoperative nasal surgery, cochlear implant), 
immunodeficiency states and parameningeal infections (mastoiditis, 
sinusitis, craniofacial osteomyelitis). 


® Diagnostic Studies 

Lumbar Puncture and Cerebrospinal Fluid Analysis 

The definitive diagnosis of meningitis is based on examination of the 
cerebrospinal fluid (CSF). The CSF is usually obtained via a lumbar 
puncture (spinal tap). The lumbar puncture is performed by introduc- 
ing a small-bore, short-beveled, spinal needle with a stylet into the 
subarachnoid space at the L3-L4 or L4-L5 level (Figs. 39.2 to 39.4). A 
needle with a stylet is used to minimize the risk of introducing a nest 
of epidermal cells into the subarachnoid space that may later grow into 
a cord-compressing epidermoid tumor. Approximately 3 mL of fluid 
is removed for analysis. 

There are a few contraindications for the performance of a lumbar 
puncture. The Ist is cardiorespiratory compromise. Performance of 
the lumbar puncture requires that the child be held in flexion to open 
the intervertebral spaces. In seriously ill children or children with 
significant underlying cardiac or pulmonary disease, this positioning 
may be enough to cause respiratory compromise. The lumbar punc- 
ture may need to be postponed, be performed cautiously with continu- 
ous oxygen saturation monitoring, or performed with the patient in 
the sitting position. 

Second, children with increased intracranial pressure from a focal 
central nervous system (CNS) lesion, such as brain abscess or tumor, 
or from illnesses associated with cerebral edema have a high risk of 
cerebral herniation after a lumbar puncture. If signs or symptoms 
of increased intracranial pressure are present, the lumbar puncture 
should be postponed until the increased pressure is lowered with 
appropriate treatment. If a lumbar puncture is delayed, appropriate 
antibiotic therapy should be initiated without further delay. Third, a 
lumbar puncture should not be done if the spinal needle must pass 
through an area of infection on its way to the subarachnoid space. To 
do so might introduce pathogens into the CNS that could cause 
meningitis. 

Epidural hematomas causing lower limb paralysis may be a com- 
plication of lumbar punctures in children with bleeding disorders. 
Therefore, in children with hemophilia, disseminated intravascular 


FIGURE 39.2 Lateral decubitus position for a lumbar puncture. L4-L5 
position is determined by a vertical line drawn between the superior 
iliac crests. (From Davidson RI. Lumbar puncture. In: Vander Salm TJ, 
Cutler BS, Wheeler HB, eds. Atlas of Bedside Procedures. 2nd ed. 
Boston: Little, Brown; 1992:443.) 


FIGURE 39.3 Sitting position for a lumbar puncture. (From Davidson 
RI. Lumbar puncture. In: Vander Salm TJ, Cutler BS, Wheeler HB, eds. 
Atlas of Bedside Procedures. 2nd ed. Boston: Little, Brown; 1992:443.) 


coagulopathy, or thrombocytopenia, lumbar puncture should be post- 
poned until the bleeding disorder is corrected, and extra care should 
be taken to avoid a traumatic lumbar puncture. Such children should 
be monitored after the procedure for the development of neurologic 
deficits. Empirical therapy may be started while the coagulopathy is 
corrected. 

Other, rarer complications of lumbar puncture include cortical 
blindness from compression of the posterior cerebral artery against the 
tentorium cerebelli, causing ischemic infarction of the occipital lobes. 
Cervical spinal cord infarction, with respiratory arrest and flaccid tet- 
raplegia, may occur if intracranial hypertension causes herniation of 
the cerebellar tonsils through the foramen magnum with resulting 
compression of the anterior spinal artery or its penetrating branches. 
Post-lumbar puncture headache may occur in up to 10% of older 
children and adults; it is presumably caused by persistent CSF leakage 
at the lumbar puncture site. 

The CSF is examined for red blood cells (RBCs), white blood cells 
(WBCs) and differential, glucose, protein, and the presence (by culture, 
by Gram stain or other stain, or by antigen or DNA-PCR testing for 
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FIGURE 39.4 The needle and stylet are advanced into the subarach- 
noid space. On penetration into the space, the examiner often feels a 
give or pop after moving through the dura. After the needle enters into 
the subarachnoid space, the clinician removes the stylet and collects 
the cerebrospinal fluid. (From Davidson RI. Lumbar puncture. In: Vander 
Salm TJ, Cutler BS, Wheeler HB, eds. Atlas of Bedside Procedures. 
Boston: Little, Brown; 1992:447.) 


specific agents) of pathogenic organisms. Opening pressure measure- 
ments are obtained with the head of the bed flat and with the child 
relaxed and in the lateral decubitus position with the back no longer 
tightly flexed. The upper limit of normal value in children 1-18 years 
of age is less than 25 cm of water. Opening pressure is less than 5 cm 
H,O in premature infants and less than 10 cm H,O in normal new- 
borns. Opening pressure measurements are elevated if the lumbar 
puncture is performed with the patient in the sitting position and if 
the patient is combative or performing the Valsalva maneuver. Obstruc- 
tive hydrocephalus, hyperventilation, or removal of fluid can all lead 
to lowering of the measurement. Children with bacterial meningitis 
usually have a mean opening pressure of 18 + 7 cm H,O. 

Normal CSF is clear and colorless (Table 39.6). Blood in the CSF 
indicates a traumatic lumbar puncture or a CNS hemorrhage. Obtain- 
ing a RBC count on tubes 1 and 3 may differentiate the 2 conditions 
because the count is unchanged in CNS hemorrhage but may decline 
in traumatic taps. Centrifugation of the CSF sample may also help 
differentiate between a traumatic tap and a CNS hemorrhage. When 
blood has been present in the CSF for several hours, the CSF is xan- 
thochromic after centrifugation. However, if the blood was recently 
mixed with CSF, as in the case of a traumatic tap, the supernatant is 
clear. Xanthochromic CSF can also be caused by icterus or an elevated 
CSF protein concentration. 

The normal values for WBCs in the CSF are shown in Table 39.6. 
Most children with bacterial meningitis have a WBC count of at least 
1000/mm?’ in their CSF, but, in general, more than 6/mm š in children 
after the neonatal period is considered abnormal. Normal values for 
neonates are 0-18 (mean: 6) WBCs in the CSF. 

An absolute neutrophil count exceeding 3/mm° (neutrophils may 
be as high as 35%) is also considered abnormal and evidence of a 
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TABLE 39.6 Cerebrospinal Fluid Findings in Central Nervous System Disorders 


Condition 
Normal 


Pressure 
(mm H,O) 


00-80 


Common Forms of Meningitis 


Acute bacterial 
meningitis 


Partially treated 
bacterial meningitis 


Viral meningitis or 
meningoencephalitis 


May be elevated 
(100-300) 


Normal or elevated 


Normal or slightly 
elevated 
(80-150) 


Uncommon Forms of Meningitis 


Tuberculous meningitis 


Fungal meningitis 


Syphilis (acute) and 
leptospirosis 


Amebic (Naegleria) 
meningoencephalltis 


Usually elevated 


Usually elevated 


Usually elevated 


Elevated 


Leukocytes (mmš) 
<5, >75% Lymphocytes 


100—10,000 or more; usually 
300—2,000; PMNs 
predominate 


5—10,000; PMNs usual but 
mononuclear cells may 
predominate if pretreated 
for extended period of 
time 

Rarely >1,000 cells. Eastern 
equine encephalitis and 
lymphocytic 
choriomeningitis may have 
cell counts of several 
thousand. PMNs early but 
mononuclear cells 
predominate through most 
of the course 


10—500; PMNs early, but 
lymphocytes predominate 
through most of the 
course 


5—500; PMNs early but 
mononuclear cells 
predominate through most 
of the course. 
Cryptococcal meningitis 
may have no cellular 
inflammatory response 

00-500; lymphocytes 
predominate 


1,000—10,000 or more; 
PMNs predominate 


Protein (mg/dL) Glucose (mg/dL) 


20—45 >50 (or 75% serum 
glucose) 
Usually 100—500 Decreased, usually 


<40 (or <50% 
serum glucose) 


Usually 100—500 Normal or decreased 

Usually 50-200 Generally normal; may 
be decreased to <40 
in some viral 
diseases, 


particularly mumps 
(15-20% of cases) 


100—3,000; may be <50 in most cases; 


higher in presence decreases with time 
of CSF block if treatment is not 
provided 
25-500 <50; decreases with 


time if treatment is 
not provided 


50-200 Usually normal 
50—500 Normal or slightly 
decreased 


Comments 


Organisms usually seen on 


Gram stain and recovered 
by culture 


Organisms may be seen on 


Gram stain. Pretreatment 
may render CSF sterile. 
Organism detected by 
antigen or PCR tests 


HSV encephalitis is 


suggested by focal 
seizures or by focal 
findings on CT or MRI 
scans or EEG. HSV and 
enteroviruses may be 
detected by PCR of CSF 


Acid-fast organisms almost 


never seen on smear. 
Organisms may be 
recovered in culture of 
large volumes of CSF. 
Mycobacterium 
tuberculosis may be 
detected by PCR of CSF; 
elevated ADA and gamma 
interferon 


Budding yeast may be seen. 


Organisms may be 
recovered in culture. 
Cryptococcal antigen (CSF 
and serum) may be 
positive in cryptococcal 
infection 


Positive CSF serology. 


Spirochetes not 
demonstrable by usual 
techniques of smear or 
culture; dark-field 
examination may be 
positive 


Mobile amebas may be 


seen by hanging-drop 
examination of CSF at 
room temperature 
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TABLE 39.6 Cerebrospinal Fluid Findings in Central Nervous System Disorders—cont'd 


Pressure 


Condition (mm H,O) Leukocytes (mmš) 


Brain Abscesses and Parameningeal Focus 

Brain abscess Usually elevated 5-200; CSF rarely acellular: 
lymphocytes predominate; 
if abscess ruptures into 
ventricle, PMNs 
predominate and cell 
count may reach >100,000 


100—5,000; PMNs 
predominate 


Subdural empyema Usually elevated 


Cerebral epidural 
abscess 


Normal to slightly 
elevated 


10—500; lymphocytes 
predominate 


Spinal epidural abscess Usually low, with 


CSF block 
Usually elevated 


10—100; lymphocytes 
predominate 

100—1,000 or more; PMNs 
predominate 


Chemical (drugs, 
dermoid cysts, 
myelography dye) 


Noninfectious Causes 
Sarcoidosis Normal or elevated 
slightly 


0—100; mononuclear 

Slightly elevated 0-500; PMNs usually 
predominate; lymphocytes 
may be present 


Systemic lupus 
erythematosus with 
CNS involvement 


0-100 or more; mononuclear 
or blast cells 


Slightly elevated to 
very high 


Tumor, leukemia 


Acute disseminated Normal or elevated 


encephalomyelitis 


~100 lymphocytes 


Autoimmune Normal 


encephalitis 


~100 lymphocytes 


Protein (mg/dL) Glucose (mg/dL) Comments 


Normal unless 
abscess ruptures 
into ventricular 
system 


75-500 No organisms on smear or 
culture unless abscess 
ruptures into ventricular 


system 


100—500 No organisms on smear or 
culture of CSF unless 
meningitis also present; 
organisms found on tap 


of subdural fluid 

No organisms on smear or 
culture of CSF 

No organisms on smear or 
culture of CSF 

Epithelial cells may be seen 
within CSF by use of 
polarized light in some 
children with dermoids 


Normal 


Normal 


Normal or slightly 
decreased 


Normal No specific findings 


Normal or slightly 
decreased 


No organisms on smear or 
culture. Positive neuronal 
and ribosomal P protein 
antibodies in CSF 

Normal to decreased Cytology may be positive 

(20—40) 


Normal 


o) | ,000 


Normal to elevated MRI adds to diagnosis 


Normal to elevated Normal Anti-NMDAR antibody 


positive 


CSF, cerebrospinal fluid; CT, computed tomography; EEG, electroencephalogram; HSV, herpes simplex virus; MRI, magnetic resonance imaging; 
NMDAR, N-methyl-D-aspartate receptor; PCR, polymerase chain reaction; PMN, polymorphonuclear neutrophils; ADA, adenosine deaminase. 
From Prober CG, Srinivas NS, Mathew R. CNS infections. In: Kliegman RM, Stanton BF, St Geme JW III, et al, eds. Nelson Textbook of 


Pediatrics. 20th ed. Philadelphia: Elsevier; 2016, Table 603.1. 


bacterial infection. Although there are case reports of children with 
proven, usually rapidly fulminant meningococcal bacterial meningitis 
who do not have CSF pleocytosis, the CSF of 98% of children with 
meningitis has pleocytosis and more than 50% neutrophils. It takes 
200-400 WBCs/mm‘ to turn CSF turbid. 

On occasion, the spinal needle is advanced too far and passes 
through the subarachnoid space and penetrates the richly vascularized 
ventral epidural space. Blood is thereby introduced into the subarach- 
noid space, and the CSF appears bloody. This occurrence is often called 
a traumatic tap. It is then difficult to know whether the WBCs seen on 
examination of the CSF are caused by CSF pleocytosis or are peripheral 
blood WBCs contaminating the CSF. To aid in this determination, the 
ratio of WBCs to RBCs in the CSF is compared with the ratio of WBCs 
to RBCs in the patient’s peripheral blood. A higher ratio in the CSF 
indicates the presence of CSF pleocytosis. When the CSF ratio is at least 
10 times higher than the blood ratio, bacterial meningitis is indicated, 


with a sensitivity of 88% and a specificity of 90%. Conversely, the 
negative predictive value for the presence of bacterial meningitis of a 
less than 10-fold difference between the ratios is 99%. Traumatic taps 
usually do not alter the CSF glucose, Gram stain, or culture findings, 
which are often abnormal with bacterial meningitis. When there is 
doubt about the validity of the cell count after a bloody tap, the lumbar 
puncture should be repeated after several hours by introducing the 
spinal needle 1 intervertebral space above the original tap site. 

In normal CSF, the glucose concentration is two-thirds that of 
serum glucose concentration. The CSF glucose concentration is low in 
most infected infants and younger children and in 45% of school-aged 
children with bacterial meningitis. In children older than 2 months of 
age, a CSF/serum glucose ratio of less than 0.4 is 80% sensitive and 
98% specific for the presence of bacterial meningitis. The presence of 
RBCs in a CSF sample that is promptly analyzed does not affect the 
glucose concentration. 
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The normal CSF protein concentration is less than 45 mg/dL in 
children older than 2 months. The mean CSF protein concentration is 
90 (range, 20-170) in full-term infants and 115 (range, 65-150) in 
preterm infants. 

The CSF protein concentration is elevated in more than 90% of 
younger children with bacterial meningitis but in only 60% of infected 
school-aged children. Every 1000 RBCs in the CSF (from a traumatic 
tap) increases the protein concentration by approximately 1 mg/dL. 

The presence of bacterial pathogens in the CSF should be investi- 
gated. Microscopic examination of a Gram-stained sample of the fluid 
is performed first. The sensitivity of this test is directly related to the 
number of organisms in the CSF and is inversely related to the age of 
the patient. The Gram stain identification of certain organisms, such 
as H. influenzae, may be problematic. A decision whether to treat a 
child for bacterial meningitis should not be based on the Gram stain 
alone; the definitive diagnosis is based on the CSF culture. Rapid diag- 
nostic tests for bacterial antigens in CSF, including countercurrent 
immunoelectrophoresis and latex particle agglutination, suffer from 
variations in sensitivity and specificity that limit their value in clinical 
practice. 

Some patients will have been treated with antibiotics before the 
lumbar puncture is performed. When the CSF from such a child is 
examined, organisms may not be seen on Gram stain or recovered on 
culture. However, abnormalities of CSF cell count (including elevated 
leukocytes), protein concentration, and glucose concentration usually 
continue to suggest the diagnosis of bacterial meningitis. In this setting, 
presumptive treatment for bacterial meningitis is initiated. If an organ- 
ism is identified by culture or antigen detection, definitive antibiotic 
treatment is administered. If no organism is identified, the decision to 
continue treatment depends on the clinical suspicion of bacterial men- 
ingitis and the exclusion of other causes of aseptic meningitis (‘Tables 
39.7 and 39.8). Newer laboratory techniques that utilize PCR to detect 
bacterial pathogens are being developed and may be useful in the 
diagnosis of bacterial meningitis in patients who have been treated 
with antibiotics before lumbar puncture. 


Computed Tomography 


Routine computed tomography (CT) of the head is not indicated in 
children with suspected meningitis. Even though children with bacte- 
rial meningitis have increased intracranial pressure, most CT scans are 
normal. In addition, most lumbar punctures do not result in cerebral 
herniation in patients with meningitis. CT should be reserved for 
children who show clinical signs of herniation or cerebral edema and 
for those who may have an intracranial mass causing signs and symp- 
toms similar to meningitis. 


Other Laboratory Tests 


Usually, the peripheral blood WBC and platelet counts are elevated 
with bacterial meningitis. A low WBC count and thrombocytopenia 
may also be seen; these are associated with overwhelming infection and 
a poor outcome. The sensitivity (70%), specificity (54%), and negative 
predictive value (81%) of the differential WBC count are too low to 
render the differential WBC examination useful in making the diag- 
nosis of bacterial meningitis. 

Blood cultures may be useful in identifying the bacterial pathogen 
of meningitis. However, a negative blood culture may be found in up 
to 33% of children with meningococcal meningitis, 20% of children 
with pneumococcal cases, and 10% of patients with H. influenzae type 
b meningitis. These numbers increase with prior antibiotic therapy. In 
addition, there is a negative correlation between the length of illness 
before diagnosis and the rate of positive blood cultures. A bacterial 
meningitis score has been developed to attempt to distinguish between 


bacterial and aseptic (nonbacterial) meningitis in patients with CSF 
pleocytosis. The risk of bacterial meningitis is low if none of the fol- 
lowing criteria are present: history of a seizure with the illness, blood 
neutrophil count 210 x 10° cells/L, positive CSF Gram stain, CSF 
protein 280 mg/dL, or CSF neutrophil count >1 x 10” cells/L. This 
diagnostic tool is 99% sensitive and 62% specific for bacterial menin- 
gitis. It should only be applied to non-ill-appearing children older than 
2 months without petechiae, purpura, or other concerning findings on 
examination who have not been pretreated with antibiotics. 


Aseptic Meningitis 

Aseptic meningitis is an inflammatory process of the meninges, most 
often characterized by acute signs and symptoms of meningeal irrita- 
tion; CSF pleocytosis, usually with a predominance of mononuclear 
cells; a normal or, less frequently, elevated CSF protein concentration; 
normal or, less often, low CSF glucose concentration; and no organ- 
isms demonstrable by Gram stain or bacterial cultures. There are many 
causes of aseptic meningitis (see Table 39.7). The most common cause 
is viral infection; up to 90% of cases are caused by enteroviruses and 
arbovirus. The definitive diagnosis is made by identifying the organism 
in the CSE. However, this is not always possible, and other causes must 
be excluded by history, presence or absence of associated symptoms, 
and appropriate laboratory tests (Tables 39.7 and 39.8). 


Viral Meningitis 

Enteroviral meningitis occurs most often during the summer and early 
fall months. Transmission is via the fecal-oral route, and young chil- 
dren exhibit increased transmission of the viruses and more severe 
disease in comparison with other age groups. Initially, patients may 
have a respiratory tract infection, a nonspecific febrile illness, or vomit- 
ing and diarrhea. Viral infection of the meninges occurs 7-10 days after 
initial exposure. The clinical course may be biphasic. Virus from the 
oropharynx can be cultured only during the 1st 5-7 days of the illness 
but may be excreted in stool for 6-8 weeks. 

Children with viral meningitis present with fever, nuchal rigidity, 
irritability, headache, and vomiting. Less common symptoms are 
anorexia, drowsiness, photophobia, myalgia, and malaise. As in bacte- 
rial meningitis, affected young infants often lack meningeal signs. In 
addition, children may have an altered sensorium, but focal neurologic 
signs are rare. Seizures are more common in infants. 

The number of WBCs in the CSF varies from zero to several 
thousand (Table 39.6). Up to 75% of initial (early in the illness) CSF 
specimens contain a predominance of polymorphonuclear cells. 
Mononuclear cells predominate by 2 days after the onset of symptoms. 
Of children with enteroviral meningitis, 18% may have decreased CSF 
glucose concentrations, whereas 12% may have elevated CSF protein. 
Treatment of enteroviral meningitis is supportive. Admission to the 
hospital may be required while bacterial meningitis is being ruled out 
and for intravenous hydration. Analgesics and antipyretics may also be 
indicated. The lumbar puncture performed to diagnose viral menin- 
gitis is often helpful in ameliorating the acute symptoms. The mecha- 
nism for this is not clear. 

The outcome is quite good for patients in whom common viral 
pathogens cause aseptic meningitis. Sequelae in older children are rare. 
Adverse outcomes are more common (but unusual) in children who 
have viral meningitis during the 1st year of life. Speech and language 
development may be affected. Treatment and outcome for the other 
types of aseptic meningitis depend on the underlying cause. 


Tuberculous Meningitis 


Tuberculous meningitis is an important treatable cause of aseptic men- 
ingitis. During the primary pulmonary tuberculous infection and 
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TABLE 39.7 Clinical Conditions and Infectious Agents Associated with Aseptic Meningitis 


Viruses 

Enteroviruses (coxsackievirus, echovirus, poliovirus, enterovirus) 

Parechovirus 

Arboviruses: Eastern equine, Western equine, Venezuelan equine, St. Louis 
encephalitis, Powassan and California encephalitis, West Nile virus, Colorado 
tick fever 

Herpes simplex (types 1, 2) 

Human herpesvirus (types 6, 7) 

Varicella—zoster virus 

Epstein—Barr virus 

Parvovirus B19 

Cytomegalovirus 

Adenovirus 

Variola (smallpox) 

Measles 

Mumps 

Rubella 

Influenza A and B 

Parainfluenza 

Rhinovirus 

Rabies 

Lymphocytic choriomeningitis 

Rotaviruses 

Coronaviruses 

Human immunodeficiency virus type 1 


Bacteria 

Mycobacterium tuberculosis 

Leptospira species (leptospirosis) 
Treponema pallidum (syphilis) 

Borrelia species (relapsing fever) 
Borrelia burgdorferi (Lyme disease) 
Nocardia species (nocardiosis) 

Brucella species 

Bartonella species (cat-scratch disease) 
Rickettsia rickettsiae (Rocky Mountain spotted fever) 
R. prowazekii (typhus) 

Ehrlichia canis 

Coxiella burnetii 

Mycoplasma pneumoniae 

M. hominis 

Chlamydia trachomatis 

C. psittaci 

C. pneumoniae 

Partially treated bacterial meningitis 


Bacterial Parameningeal Focus 
Sinusitis 

Mastoiditis 

Brain abscess 

Subdural—epidural empyema 

Cranial osteomyelitis 


Fungi 

Coccidioides immitis (coccidioidomycosis) 

Blastomyces dermatitidis (blastomycosis) 

Cryptococcus neoformans (cryptococcosis) 

Histoplasma capsulatum (histoplasmosis) 

Candida species 

Other fungi (A/ternaria, Aspergillus, Cephalosporium, Cladosporium, Dreschlera 
hawaiiensis, Paracoccidioides brasiliensis, Petriellidium boydii, Sporotrichum 
schenckii, Ustilago species, Zygomycetes) 


Parasites (Eosinophilic) 
Angiostrongylus cantonensis 
Gnathostoma spinigerum 
Baylisascaris procyonis 
Strongyloides stercoralis 
Trichinella spiralis 

Toxocara canis 

Taenia solium (cysticercosis) 
Paragonimus westermani 
Schistosoma species 
Fasciola species 


Parasites (Noneosinophilic) 
Toxoplasma gondii (toxoplasmosis) 
Acanthamoeba species 

Naegleria fowleri 

Malaria 


Postinfectious 
Vaccines: rabies, influenza, measles, poliovirus 
Demyelinating or allergic encephalitis 


Systemic or Immunologically Mediated 
Bacterial endocarditis 

Autoimmune encephalitis 

Kawasaki disease 

systemic lupus erythematosus 
Vasculitis, including polyarteritis nodosa 
Sjögren syndrome 

Mixed connective tissue disease 
Rheumatoid arthritis 

Behcet syndrome 

Polyangiitis with granulomatosis 
Lymphomatoid granulomatosis 
Granulomatous arteritis 

Sarcoidosis 

Familial Mediterranean fever 
Vogt—Koyanagi—Harada syndrome 


Malignancy 

Leukemia 

Lymphoma 

Metastatic carcinoma 

Central nervous system tumor (e.g., craniopharyngioma, glioma, ependymoma, 
astrocytoma, medulloblastoma, teratoma) 


Continued 
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TABLE 39.7 Clinical Conditions and Infectious Agents Associated with Aseptic 


Meningitis—cont’'d 


Drugs 

Intrathecal injections (contrast media, serum, antibiotics, antineoplastic agents) 
Nonsteroidal antiinflammatory agents 

OKT3 monoclonal antibodies 


Carbamazepine 

Azathioprine 

Intravenous immune globulins 

Antibiotics (trimethoprim-sulfamethoxazole, sulfasalazine, ciprofloxacin, isoniazid) 


Miscellaneous 

Heavy metal poisoning (lead, arsenic) 
Foreign bodies (shunt, reservoir) 
Subarachnoid hemorrhage 

Postictal state 

Postmigraine state 

Mollaret syndrome (recurrent) 
Intraventricular hemorrhage (neonate) 
Familial hemophagocytic syndrome 
Post neurosurgery 
Dermoid—epidermoid cyst 


Data from Cherry JD. Aseptic meningitis and viral meningitis. In: Feigin RD, Cherry JD, eds. Textbook of Pediatric Infectious Diseases. 4th ed. 
Philadelphia: WB Saunders; 1998:450; and from Davis LE. Aseptic and viral meningitis. In: Long SS, Pickering LK, Prober CG, eds. Principles and 
Practice of Pediatric Infectious Disease. New York: Churchill Livingstone; 1997:329. 


subsequent lymphohematogenous spread to extrapulmonary sites, 
tubercle bacilli produce local microscopic granulomas in the CNS and 
meninges. If this primary CNS infection is not contained by host 
defense mechanisms (T lymphocytes, monocytes), or if host defense 
mechanisms fail at a later period, tuberculous meningitis may result. 
Meningitis occurs weeks to months after the primary pulmonary 
process. 

The symptoms of tuberculous meningitis are insidious and sub- 
acute (weeks to months). Stage 1 is a prodrome with nonspecific mani- 
festations (apathy, poor school function, irritability, weight loss, fever, 
night sweats, nausea); stage 2 is heralded by the onset of neurologic 
signs (headache, cranial neuropathy, nuchal rigidity, signs of increased 
intracranial pressure); and stage 3 manifests with altered levels of con- 
sciousness (lethargy, stupor, coma). Meningismus is not present in all 
patients. 

The diagnosis is supported by a history of contacts with adults with 
known active tuberculosis, a chronic cough, or human immunodefi- 
ciency virus (HIV) disease or by a history of immigration, poverty, or 
homelessness. In addition, the patient’s chest radiograph is consistent 
with active or, more often, quiescent tuberculosis (parenchymal-hilar 
node calcifications, infiltrates, hilar adenopathy, and, in rare cases, 
endobronchial or cavitary lesions), and the patient’s tuberculin skin 
test yields a positive result (see Chapter 2). Cranial CT or magnetic 
resonance imaging (MRI) may show the most intense meningeal 
inflammation around the base of the brain or inflammatory mass 
lesions (tuberculomas). The CSF results (Table 39.6) include profound 
hypoglycorrhachia, a high CSF protein, lymphocyte- or monocyte- 
predominant cells (usually 500 cells/mm’), increased opening pressure, 
and, on occasion, tubercle organisms on acid-fast staining. PCR ampli- 
fication of Mycobacterium tuberculosis DNA aids in making a more 
rapid diagnosis than does culture of CSF, sputum, or gastric aspirates, 
which traditionally requires 2-6 weeks. The differential diagnosis 
depends on the stage of the illness. 


Encephalitis 


Encephalitis is inflammation of the brain parenchyma, whereas menin- 
goencephalitis is inflammation of the brain accompanied by inflam- 
mation of the meninges. Meningoencephalitis is distinguished from 
aseptic meningitis by evidence of brain parenchymal involvement, 
including behavior or personality changes; altered level of conscious- 
ness (including agitation or coma); generalized seizures; focal neuro- 
logic signs, including focal seizures and focal motor defects (hemiparesis 
or ataxia); or movement disorders. 


Enteroviruses and arboviruses cause most cases of infectious 
encephalitis in children. Enterovirus encephalitis, uncommon without 
meningeal involvement, is suggested by epidemic occurrence and pres- 
ence of typical prodrome or associated findings (‘Table 39.8); prompt 
diagnosis is by PCR for enterovirus in CSF, blood, throat, or stool 
specimens. A CSF or blood specimen is preferred because PCR may 
identify enterovirus in throat and especially stool for weeks after the 
primary infection has resolved. Arbovirus encephalitis is suggested by 
mosquito or tick exposure and epidemic occurrence and is diagnosed 
by findings of arbovirus immunoglobulin M in CSF or blood or by 
paired serologic findings for immunoglobulin G. 

Infections with herpes simplex virus (HSV) occur throughout the 
year. In neonates, HSV encephalitis usually occurs between 7 and 21 
days of age; may produce focal or generalized CNS disease; and may 
occur with or without conjunctivitis, oral mucosal involvement, vesi- 
cles on skin, or disseminated disease (hepatitis, pneumonia, septic 
appearance). After the neonatal period, HSV encephalitis is usually 
isolated to the CNS and classically produces necrotizing encephalitis 
with a focus in the temporal lobe. Symptoms in persons with HSV 
encephalitis range broadly from those suggesting mild aseptic menin- 
gitis to the presence of status epilepticus and coma and then death. In 
addition to neutrophils and monocytes, CSF examination may show 
increased numbers of erythrocytes and elevated protein. CT, MRI, and 
an electroencephalogram (EEG) may suggest a temporal lobe focus. 
Specific diagnosis is by PCR of CSF for herpes simplex DNA. CSF 
culture is usually negative. In the appropriate clinical setting, presump- 
tive therapy with intravenous acyclovir, 60 mg/kg/day given every 8 
hours, is indicated while the results of PCR of CSF for HSV are awaited. 

Autoimmune encephalitis. Anti-D-methyl-p-aspartate receptor 
(anti- NMDAR) encephalitis is a novel and relatively common form 
of encephalitis. Data from the California Encephalitis Project showed 
that anti- NMDAR encephalitis was the most common identifiable 
cause of encephalitis in their cohort, which included patients from 6 
months to 30 years. Most of the cases occurred in children and ado- 
lescents. Patients present with similar features as viral encephalitis, 
but seizures, language dysfunction, psychosis, autonomic dysfunction, 
movement disorders, and EEG abnormalities are more common in 
these patients. 


FEVER OF UNKNOWN ORIGIN 


In adults, FUO is defined as an illness lasting more than 3 weeks, a 
fever higher than 38.3°C (101°F) on several occasions, and uncertainty 
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SECTION 9 


Infectious Diseases 


TABLE 39.9 Summary of Definitions and Mlajor Features of the Four Subtypes of Fever of 
Unknown Origin 


Definition 


Patient location 
Leading causes 


History emphasis 


Examination 
emphasis 


Classic FUO 


238. 0 C =o WK 2 VISIIS gI 3 
days in hospital 


Community, clinic, or hospital 


Infections, cancer, inflammatory 
conditions, undiagnosed, 
habitual hyperthermia 


Travel, contacts, animal and 
insect exposure, medications, 
immunizations, family history, 
cardiac valve disorder 


Fundi, oropharynx, temporal 
artery, abdomen, lymph 
nodes, spleen, joints, skin, 


Health Care- 

Associated FUO 

>38.0°C, >3 days, not 
present or incubating on 
admission 

Acute care hospital 

Health care—associated 
infections, postoperative 
complications, drug fever 


Operations and procedures, 


devices, anatomic 
considerations, drug 
treatment 


Wounds, drains, devices, 
sinuses, lungs, venous 
thrombosis urine 


nails, genitalia, rectum, lower 
limb deep veins 
Investigation 
emphasis 


Imaging, biopsies, 
sedimentation rate, skin tests 


Management Observation, outpatient Depends on situation 
temperature chart, 
investigations, avoidance of 


empirical drug treatments 


Time course of Months 


disease 
Weeks 


Tempo of 
investigation 


Imaging, bacterial cultures 


HIV-Related FUO 


38.0°C, >3 wk for outpatients, >3 days 
for inpatients, HIV infection confirmed 


Immune-Deficient FUO 


>38.0°C, >3 days, negative 
cultures after 48 hr 


Hospital or clinic Community, clinic, or hospital 


HIV (primary infection), typical and 
atypical mycobacteria, CMV, 
lymphomas, toxoplasmosis, 
cryptococcosis, immune reconstitution 
inflammatory syndrome (IRIS) 


Majority due to infections, but 
cause documented in only 
40-60% 


Drugs, exposures, risk factors, travel, 
contacts, stage of HIV infection 


Stage of chemotherapy, 
degree and duration of 
neutropenia; drugs 
administered, underlying 
immunosuppressive disorder 


Mouth, sinuses, skin, lymph nodes, 
eyes, lungs, perianal area 


Skin folds, IV sites, lungs, 
sinuses, perianal area 


CXR, CT scan bacterial 
cultures 


Blood and lymphocyte count; serologic 
tests; CXR; stool examination; 
biopsies of lung, bone marrow, and 
liver for cultures and cytologic tests; 
brain imaging 

Antimicrobial treatment 
protocols 


Antiviral and antimicrobial protocols, 
vaccines, revision of treatment 
regimens, good nutrition 

Days Weeks to months 


Hours Days to weeks 


FUO, fever of unknown origin; CMV, cytomegalovirus; CXR, chest radiograph; HIV, human immunodeficiency virus; IV, intravenous. 
Modified from Mandell GL, Bennett JE, Dolin R, eds. Principles and Practices of Infectious Diseases. 7th ed. Philadelphia: Churchill Livingstone; 


2010:780, Table 51.1. 


of diagnosis after a 1-week study in the hospital (Table 39.9). In pedi- 
atrics, the defined duration of fever is variable, from 8 days to 3 weeks 
(average, 2 weeks). This may be dependent on the age of the patient, 
with shorter periods of fever in young infants and more traditional 
adult standards in adolescent patients. FUO is defined as a temperature 
higher than 38°C (100.4°F) daily for at least 8-14 days and no diagnosis 
after an initial evaluation. The initial evaluation recommended varies 
but always includes a noncontributory history and physical examina- 
tion, and nondiagnostic initial laboratory and radiologic tests. In 
accordance with this definition, the differential diagnosis for FUO in 
children is large (Table 39.10). 

Most children with FUO have an infectious disease; in a systematic 
review of studies of children with FUO, 51% of children had an infec- 
tious cause, 9% had a collagen vascular cause and 6% had a malig- 
nancy. There were 11% identified as otherwise miscellaneous which 
included Kawasaki disease and inflammatory bowel disease; 23% were 
without a formal diagnosis. Infections identified included urinary tract 
infections (UTI) and tuberculosis in all children; and osteomyelitis and 


bartonellosis in developed countries and brucellosis and typhoid in 
developing countries. Often patients with an FUO have atypical mani- 
festations of common childhood bacterial or viral diseases rather than 
unusual or uncommon disorders. 


$ Evaluation 


The evaluation of a child with FUO centers on a detailed history 
and physical examination. Taking the history should be repeated 
because parents often remember important details after the initial 
interview. The physical examination findings may also change during 
the course of the investigation revealing important clues (Fig. 39.5, 
Table 39.11). 


$ History 


The history should include the time of day of the fever, who measured 
the temperature, and the instrument that was used to measure the 
temperature. Increased temperatures after exercise and in the after- 
noon often represent normal variations. The appearance of the 
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TABLE 39.1O Diagnostic Considerations of Fever of Unknown Origin in Children 


Abscesses 
Abdominal 
Brain 

Dental 
Hepatic 
Pelvic 
Perinephric 
Rectal 
Subphrenic 
Psoas 


Bacterial Diseases 

Actinomycosis 

Bartonella henselae (cat-scratch disease) 
Brucellosis 

Campylobacter 

Francisella tularensis (tularemia) 

Listeria monocytogenes (listeriosis) 
Meningococcemia (chronic) 

Mycoplasma pneumoniae 


Rat bite fever (Streptobacillus moniliformis; streptobacillary form of rat bite 


fever) 
Salmonella 
Tuberculosis 
Whipple disease 
Yersiniosis 
Chlamydia 
Lymphogranuloma venereum 
Psittacosis 


Localized Infections 
Cholangitis 

Infective endocarditis 
Mastoiditis 

Osteomyelitis 

Diskitis 

Pneumonia 

Pyelonephritis 

Sinusitis 


Spirochetes 

Borrelia burgdorferi (Lyme disease) 

Relapsing fever (Borrelia recurrentis) 

Leptospirosis 

Rat bite fever (Spirillum minus; spirillary form of rat bite fever) 
Syphilis 


Fungal Diseases 
Blastomycosis (extrapulmonary) 
Coccidioidomycosis (disseminated) 
Histoplasmosis (disseminated) 


Rickettsiae-like organisms 
Q fever 

Rocky Mountain spotted fever 
Tick-borne typhus 

Anaplasmosis 

Ehrlichosis 


Viruses 

Cytomegalovirus 

Hantavirus 

Hepatitis viruses 

Human immunodeficiency virus 
Epstein—Barr virus 


Parasitic Diseases 
Amebiasis 

Babesiosis 

Giardiasis 

Malaria 

Toxoplasmosis 

Trichinosis 

Trypanosomiasis 

Visceral larva migrans (Toxocara) 


Rheumatologic Diseases 
Behçet syndrome 

Juvenile dermatomyositis 
Juvenile idiopathic arthritis 
Rheumatic fever 

Systemic lupus erythematosus 
Vasculitis 


Hypersensitivity Diseases 
Drug fever 

Hypersensitivity pneumonitis 
Serum sickness 

Weber-—Christian disease 


Neoplasms 

Atrial myxoma 

Cholesterol granuloma 
Hodgkin disease 
Inflammatory pseudotumor 
Leukemia 

Lymphoma 
Pheochromocytoma 
Neuroblastoma 

Wilms tumor 


Granulomatous Diseases 
Crohn disease 

Granulomatous hepatitis 
Sarcoidosis 

Polyangiitis with granulomatosis 


Familial and Hereditary Diseases 
Anhidrotic ectodermal dysplasia 
Autonomic neuropathies 

Fabry disease 

Familial dysautonomia 

Familial Hibernian fever 


Familial Mediterranean fever and the many other autoinflammatory diseases 


(see Chapter 41) 
Hypertriglyceridemia 
Ichthyosis 
sickle cell crisis 
Spinal cord/brain injury 
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TABLE 39.1O Diagnostic Considerations of Fever of Unknown Origin in Children—cont'd 


Miscellaneous 

Addison disease 

Allergic Alveolitis 

Castleman disease 

Chronic active hepatitis 
Cyclic neutropenia 

Diabetes insipidus (nonnephrogenic and nephrogenic) 
Factitious fever 
Hemophagocytic syndromes 
Hypereosinophilia syndromes 
Hypothalamic-central fever 


TABLE 39.11 
with Fever of Unknown Origin 


Body Site 
Head Sinus tenderness 


Physical Finding 
Temporal artery Nodules, reduced pulsations 
Ulceration 

Tender tooth 

Choroid tubercle 

Petechiae, Roth spot 


Oropharynx 


Fundi or conjunctivae 


Thyroid 
Heart 
Abdomen 
Rectum 


Enlargement, tenderness 

Murmur 

Enlarged iliac crest lymph nodes, splenomegaly 
Perirectal fluctuance, tenderness 

Perianal skin tags, fistula 

Testicular nodule 

Epididymal nodule 


Genitalia 
Lower extremities Deep venous tenderness 


Skin and nails 


Petechiae, splinter hemorrhages, subcutaneous nodules, clubbing 


Infantile cortical hyperostosis 
Inflammatory bowel disease 
Kawasaki disease 
Kikuchi-Fujimoto disease 
Metal fume fever 
Pancreatitis 

Periodic fever syndromes 
Poisoning 

Pulmonary embolism 
Thrombophlebitis 
Thyrotoxicosis, thyroiditis 


Examples of Subtle Physical Findings Having Special Significance in Patients 


Diagnosis 
Sinusitis 
Temporal arteritis, vasculitis 


Disseminated histoplasmosis, SLE, Behçet syndrome, IBD 
Periapical abscess 


Disseminated granulomatosis* 
Endocarditis 


Thyroiditis 
Infective endocarditis, rheumatic fever 
Lymphoma, endocarditis, disseminated granulomatosis* 


Abscess 
IBD 


Periarteritis nodosa, tumor 
Disseminated granulomatosis* 


Thrombosis or thrombophlebitis; malignancy, 
autoimmune disease 


Vasculitis, endocarditis, bronchiectasis 


*Includes tuberculosis, histoplasmosis, coccidioidomycosis, sarcoidosis, and syphilis. 


SLE, systemic lupus erythematosus; IBD, inflammatory bowel disease. 


Moditied from Mandell GL, Bennett JE, Dolin R, eds. Principles and Practices of Infectious Diseases. 7th ed. Philadelphia: Churchill Livingstone; 


2010:785, Table 51.8. 


child while febrile is also important. Increased temperature without 
sweating might be seen in a child with ectodermal dysplasia or facti- 
tious fever. 

The pattern of fever should be noted (Fig. 39.6). Sustained fever, 
intermittent fever, and relapsing fever have been associated with dif- 
ferent disease states. Sustained or remittent fever remains elevated 
with little variation during the day and has been associated with enteric 
(typhoid) fever, tularemia, and rickettsial diseases such as typhus and 
Rocky Mountain spotted fever. Intermittent fever normalizes at least 
once a day and is associated with tuberculosis, abscesses, lymphomas, 
juvenile idiopathic arthritis (JIA), and some forms of malaria. Children 
with relapsing fever have afebrile days between febrile episodes. Relaps- 
ing fever has been associated with rat bite fever, Borrelia species infec- 
tion, malaria, brucellosis, subacute bacterial endocarditis, African 
trypanosomiasis, lymphomas, and Lyme disease. Saddle-back or 
double-hump fever lasts a few days, is followed by an afebrile day or 
2, and then returns. It has been associated with some viruses and 
dengue fever. Double quotidian fever (2 fever spikes each day) occurs 
in kala-azar, malaria, and gonococcal endocarditis. Periodic fevers 
occur as acute febrile episodes separated by prolonged afebrile, healthy 


periods. Diseases to consider include cyclic neutropenia, familial Medi- 
terranean fever, and the syndrome of periodic fever, aphthous stoma- 
titis, pharyngitis, and adenitis (PFAPA). Periodic fever syndromes have 
different prevalence patterns in different ethnic groups and different 
inheritance patterns. A detailed family history is particularly important 
when these diagnoses are considered (see Chapter 41). 

Unfortunately, neither the fever pattern nor the duration is specific 
for a particular cause. Fevers lasting for more than 1 year are not 
usually infectious; factitious fever, rheumatic or granulomatous disor- 
ders, familial diseases, or malignancies need to be considered in these 
patients. 

A history of rash is important for diagnosing Lyme disease, JIA, and 
acute rheumatic fever (see Chapter 40). A history of pica is associated 
with visceral larva migrans and toxoplasmosis. Exposure to domestic 
and wild animals should be identified to exclude zoonoses (see Chapter 
40). The food history should be detailed and should include water 
sources, use of game meats, cooking practices, and consumption of 
unpasteurized, raw milk, or soft cheese. 

Travel history is critically important in the establishment of 
a differential diagnosis. Areas visited, accommodations, activities, 


FEVER >38.3°C for >14 Days 


Thorough history 


Physical examination 
including growth chart 
Screening laboratory 
studies: 
CBC, CRP, ESR, UA + culture, 
blood culture, chest x-ray 


Consider history, physical and screening 
labs for clues to diagnosis 


Clues absent or 
nonspecific 
and fever still present 


Identify: 
Pneumonia 
UTI 


Clues present 


Repeat history and physical exam 

Repeat screening labs: CBC, ESR, 

CRP, UA, blood culture, urine culture 

e LFTs, LDH, uric acid, BUN, creatinine 

e Stool heme 

e PPD 

e Tube to hold 

Consider: EBV, Bartonella serologies 

Consider: abdominal CT 

Avoid empiric antibiotic therapy without 
clear indication 


Pursue 


Clues present 


Clues absent or nonspecific and 
fever still present 


Consider: hospitalization if: 
e Clinically worrisome 
e Labs worrisome 
e Fever history suspect 
e Need for evaluation by 


multiple subspecialists 
Perform: serial physical exams 
Consider as appropriate: 
Pediatric infectious diseases consult 
Hematology/oncology consult 
Rheumatology consult 


FIGURE 39.5 Approach to the evaluation of fever of unknown origin 
(FUO). BUN, blood urea nitrogen; CBC, complete blood count; CT, 
computed tomography; CRP, C-reactive protein; EBV, Epstein-Barr 
virus; ESR, erythrocyte sedimentation rate; LDH, lactate dehydroge- 
nase; LFT, liver function test; PPD, purified protein derivative; UA, uri- 
nalysis; UTI, urinary tract infection. 


prophylactic treatments, animal and insect exposures, and water and 
food sources should be reviewed. Coccidioidomycosis, histoplasmosis, 
malaria, Lyme disease, and Rocky Mountain spotted fever have regional 
distributions. Children who have traveled to or have emigrated from 
developing countries are at increased risk for endemic diseases and M. 
tuberculosis (Table 39.12). 
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Previous medical records should be reviewed. Weight loss is impor- 
tant for diagnosing many chronic diseases such as lymphoma, tuber- 
culosis, and inflammatory bowel disease. Poor weight gain and growth, 
with or without gastrointestinal symptoms, may be the only historical 
clue to inflammatory bowel disease (see Chapter 11). HIV risk factors 
in the parents and child should be reviewed. Past and current medica- 
tions should also be reviewed. The review of systems may reveal heat 
intolerance, palpitations, tremors, and declining quality of schoolwork 
in a child with hyperthyroidism. A history of severe head trauma may 
be associated with hypothalamic dysfunction and central fevers. 


® Physical Examination 


Whenever possible, the patient should be examined during a febrile 
episode. A high fever in the absence of an increased pulse may be 
present in a patient with factitious fever. To verify this diagnosis, the 
temperature of freshly voided urine may be recorded. Tremor, tachycar- 
dia, palpitations, exophthalmos, lid lag, eyelid retraction, and smooth, 
flushed skin with diaphoresis are suggestive of hyperthyroidism. 


Eyes 

The ophthalmologic examination should include assessment of visual 
acuity, extraocular motion, visual field integrity, and gaze, as well as 
inspection of external structures and ophthalmoscopic examination 
(see Chapter 32). Conjunctivitis, iritis-uveitis-scleritis, or both may be 
seen in a variety of infectious conditions, including Epstein—Barr virus 
(EBV) infection, leptospirosis, rickettsial infection, and cat-scratch 
disease. Conjunctivitis, uveitis, or both occur with Kawasaki disease, 
systemic lupus erythematosus (SLE), polyarteritis nodosa, and JIA. 
Sarcoidosis may be associated with conjunctival and uveal tract 
nodules. A thorough ophthalmoscopic evaluation (and, if needed, slit- 
lamp examination) should be performed. Sarcoidosis may be accom- 
panied by vascular occlusions, hemorrhages, vascular sheathing, and 
preretinal inflammatory exudates. Cytomegalovirus (CMV) produces 
chorioretinitis associated with white infiltrates near vessels and conflu- 
ent depigmented areas. Histoplasmosis causes small atrophic spots 
and, in rare cases, focal granulomas of the retina and choroid. Toxo- 
plasma gondii is a common cause of recurrent retinochoroiditis. Retinal 
changes also occur with bacterial endocarditis. Tuberculosis can cause 
formation of choroidal tubercles and also ulcerative palpebral con- 
junctival lesions. Slit-lamp examination may also reveal iridocyclitis in 
JIA, Behçet syndrome, and inflammatory bowel disease. 


Ears, Nose, and Throat 


The frontal and maxillary sinuses should be palpated for tenderness. 
The nares should be inspected for inflamed mucosa and purulent 
discharge. Tympanic membranes should be viewed and insufflated (see 
Chapter 4). The mouth should be checked for lesions, inflammation, 
and tooth tenderness. Behçet syndrome may manifest with oral aph- 
thous lesions. Inspection of teeth and gums may reveal a dental abscess. 
Exudative and nonexudative pharyngitis is associated with EBV infec- 
tion, tularemia, leptospirosis, and CMV. PFAPA syndrome is character- 
ized by periodic fever, aphthous stomatitis, pharyngitis, and cervical 
adenopathy. Candida infection in the mouths of children older than 2 
years may result from immunodeficiency such as HIV or from the use 
of inhaled steroids. 


Neck 


The neck should be examined for adenopathy or thyroid enlargement 
(see Chapter 36). The rest of the lymphatic system should be carefully 
examined. A single tender node may be seen with cat-scratch disease. 
Generalized adenopathy can be seen in CMV infection, EBV infection, 
and systemic JIA (see Chapter 33). 
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FIGURE 39.6 Distinctive Fever Patterns. A, Malaria. B, Typhoid fever (demonstrating relative bradycardia). 
C, Hodgkin disease (Perl-Ebstein pattern). D, Borreliosis (relapsing fever pattern). (Data from Woodward TE. 
The fever pattern as a clinical diagnostic aid. In: Mackowiak PA, ed. Fever: Basic Mechanisms and Manage- 
ment. 2nd ed. Philadelphia: Lippencott-Raven; 1997:215-236.) 


Heart, Lungs, and Abdomen Musculoskeletal Evaluation 

Careful auscultation of the heart and lungs is essential. A mitral or The musculoskeletal examination should include assessments of 
aortic regurgitant murmur may be the initial finding of endocarditis strength and of active and passive range of motion and evalua- 
or of carditis in children with acute rheumatic fever. A pericardial tion for warmth, tenderness, or swelling of joints. Irritability and 
friction rub may also suggest JIA, SLE, rheumatic fever, malignancy, pain on palpation over a bone or disuse pseudoparalysis may 
or viral pericarditis. The abdomen must be carefully palpated for evi- be the Ist clue to osteomyelitis. Bone pain may also result from 
dence of masses or hepatosplenomegaly (see Chapters 14 and 17). neoplastic infiltration of the bone marrow or sickle cell anemia. 
Abdominal tenderness may be present with abdominal abscesses, Unexplained fever, arthralgias, and arthritis may be present with 
hepatosplenomegaly, and inflammatory bowel disease. A rectal exami- acute rheumatic fever, JIA, Lyme disease, Kawasaki disease, SLE, 
nation should be performed, and stool should be tested for occult polyarteritis nodosa, and Behçet syndrome (see Chapter 33). Myalgias 
blood. Sexually active girls should have a pelvic examination. Pain on occur commonly with viral diseases such as influenza, and may 
movement of the uterus during the pelvic examination may indicate be present with rickettsial diseases, polyarteritis nodosa, Takayasu 


pelvic inflammatory disease. arteritis, and dermatomyositis. 


TABLE 39.12 Causes of Fever in the 
Returned Traveler 


Diagnosis 

Malaria 

Hepatitis 

Respiratory infection” 

Urinary tract infection/pyelonephritis 
Dysentery 

Dengue fever 

Enteric fever 

Tuberculosis 

Rickettsial infection 

Acute HIV infection 

Amebic liver abscess 

Other miscellaneous infections 
Miscellaneous noninfectious causes 
Undiagnosed 


*|ncludes upper respiratory tract infection, pneumonia, and bronchitis. 
HIV, human immunodeficiency virus. 

Moditied from Suh KN, Kozavsky PE, Keystone JS. Evaluation of 
fever in the returned traveler. Travel Med. 1999;83:997-1017. 


Skin 
The skin must be inspected for evidence of rashes and other lesions 
(see Chapter 40). JIA may manifest with an evanescent, salmon-colored 
macular rash over the trunk and joints that may appear and disappear 
rapidly and be evident only during febrile periods. Dermatomyositis 
is characterized by a heliotropic rash of the upper eyelids and an 
erythematous eruption (vasculitis) over the extensor surfaces (Gottron 
sign). SLE may manifest with a butterfly rash over the nose and malar 
regions, signs of photosensitivity in sun-exposed areas, or vasculitis. 
The rash of Kawasaki disease is erythematous and may manifest in 
many forms; it is most commonly a diffuse maculopapular rash. In 
Rocky Mountain spotted fever, there are macular erythematous spots 
on the wrists, ankles, or forearms that may become maculopapular and 
expand centripetally to the proximal extremities and torso; palms and 
soles may be involved and petechiae may develop later in the course of 
the illness. Endocarditis may be associated with splinter hemorrhages 
or Janeway lesions (painless, small, erythematous or hemorrhagic 
lesions on the palms and soles). Lyme disease usually manifests with 
erythema migrans. This rash begins at the site of the tick bite and is 
erythematous with a pale center. The rash radiates out from the bite 
in a circular manner and persists for weeks; satellite secondary lesions 
may also appear. 

Tularemia, salmonellosis, listeriosis, and EBV infections may feature 
generalized maculopapular rashes. 


® Diagnostic Studies 


Laboratory evaluation should proceed in a stepwise, focused manner 
with emphasis on identifying serious illnesses with defined interven- 
tions (see Fig. 39.5). Initial studies should include a complete blood 
cell count with differential, erythrocyte sedimentation rate (ESR) 
measurement, CRP, blood cultures, urinalysis, urine culture, tuberculin 
skin tests with controls (anergy panel) or gamma interferon release 
assay, and chest radiograph. Because EBV infection is common in 
childhood, viral-specific antibody titers may also be obtained at the 
initial evaluation (see Chapter 36). Further studies should be directed 
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by information obtained from detailed histories and physical 
examinations. 

Specific serologic studies aid in the diagnosis of CMV, toxoplasmo- 
sis, brucellosis, tularemia, hepatitis A, B, and C, and leptospirosis. Biop- 
sies of lymph nodes, the skin, the liver, or bone marrow may be 
indicated. Radiologic studies that may be of benefit if directed by the 
history, physical examination findings, and initial laboratory study 
results include sinus CT, abdominal imaging, or total body MRI (to 
evaluate for occult osteomyelitis, malignancy, histiocytic disorders). 

The complete blood cell count with differential is neither specific 
nor diagnostic, except in rare circumstances, such as seeing lympho- 
blasts on the blood smear. Approximately 30% of patients have abnor- 
mal white blood cell counts; 46% may have a left shift, lymphocytosis, 
atypical lymphocytes, or blasts. An elevated ESR or CRP indicates 
inflammation. The ESR is usually (70-90% of the time) high in chil- 
dren with FUO caused by infectious pathogens, malignancies, and 
rheumatic diseases. Of patients with an ESR less than 10 mm/hr, 90% 
have a self-limited viral disease. 

Urinalysis and urine culture identify occult infections, particularly 
in young girls. The urinalysis may also be abnormal in patients with 
endocarditis and rheumatic and other inflammatory disorders. 

Unexpected consolidations, calcifications, interstitial changes, peri- 
hilar adenopathy, or cardiomegaly (heart failure, pericarditis) may be 
found on chest radiographs. Chest films are abnormal in 10-15% of 
patients with FUO. CT of the chest may reveal abnormalities not 
detected by a chest x-ray. 

Specialized radiologic studies performed without specific diagnos- 
tic clues from the history, physical examination findings, or initial lab- 
oratory evaluation results have a low yield. Whole body MRI is another 
technique that may be useful in children with FUO. It is helpful in 
identifying abnormal areas in bones, such as with occult osteomyelitis. 


Cause 

Infections 

A wide variety of infections have been identified in children with FUO 
including subacute bacterial endocarditis, urinary tract infections 
(UTI), sinusitis, abscesses, osteomyelitis, and rheumatic fever. 

Bacterial endocarditis. Bacterial endocarditis is rare in children; 
incidence increases with advancing age and history of preexisting heart 
disease (see Chapter 8). A new murmur or a change in the character- 
istic of an existing murmur may not be initially evident. Vegetations 
also may not be visible initially by transthoracic echocardiography; 
a transesophageal approach is much more sensitive. Serial blood 
cultures with anaerobic and aerobic media are necessary for definitive 
diagnosis. 

Urinary tract infection. Both upper and lower urinary tract infec- 
tions may be asymptomatic, and leukocytes may not always be present 
in urine (see Chapter 18). Sterile pyuria may be present with tubercu- 
losis, nongonococcal urethritis, viral cystitis, Kawasaki disease, reactive 
arthritis, interstitial nephritis, and other rheumatic diseases. Renal 
ultrasonography may show areas of decreased echogenicity, enlarged 
echogenic kidneys, and renal or perinephric abscesses. Kidneys may be 
enlarged with acute pyelonephritis. A CT scan with contrast may show 
infected parenchyma as a nonenhancing lucency. Nuclear medicine 
renal scans also identify active areas of infection and old scars. 

Sinusitis. Factors that decrease the size and patency of the ostium, 
or impair the mucociliary transport system predispose a child to sinus- 
itis. Ethmoid and maxillary sinuses are present at birth. The frontal 
sinuses usually appear near 5 or 6 years of age but may be asymmetric 
or absent. Sphenoid sinuses may be seen radiographically by 9 years of 
age. Prolonged nasal congestion, headache, purulent nasal discharge, 
sore throat, daytime cough, tender teeth, and halitosis may be present 
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in children with sinusitis. CT studies may be helpful. Rhinoscopy may 
show purulent material at the ostium of an infected sinus. Infectious 
complications of sinusitis include dural space empyema or brain 
abscesses. 

Abscesses. Hepatic, renal, perinephric, pelvic, and subphrenic 
abscesses may present with FUO. Internal jugular thrombophlebitis 
may manifest with prolonged fever and severe neck pain. Liver abscess 
may manifest with right upper quadrant tenderness and hepatomegaly. 
Blood cultures and liver function study results are often normal. The 
diagnosis may be made with MRI, CT with contrast, or ultrasonogra- 
phy. The diagnosis of perinephric abscesses is made with CT with 
contrast or ultrasonography. CT or ultrasound guidance may be used 
to direct percutaneous drainage of many abscesses. Pelvic abscesses 
should be suspected in children with FUO who have abdominal, rectal, 
or pelvic tenderness. 

Osteomyelitis. Osteomyelitis usually follows bacteremia, but it 
sometimes follows penetrating injury. Tenderness to palpation over the 
infected site is common. Abnormalities in plain films appear late (2 
weeks). MRI is the imaging modality of choice. The blood or bone 
culture is often positive, and the ESR is often elevated. Suppurative 
myositis may mimic osteomyelitis and manifest as an FUO. 

Rheumatic fever. Acute rheumatic fever may cause FUO; the diag- 
nosis is made by fulfillment of the Jones criteria, updated in 2015 (see 
Chapter 8). Initially, a child may present with polyarthralgia and an 
increased ESR. Elbows, wrists, knees, and ankles are frequently involved. 
The later migratory nature of the true arthritis differentiates rheumatic 
fever from JIA. 


Bacterial Syndromes 


Bacterial syndromes that cause FUO in children include agents of the 
following: 

° Lyme disease 

° Cat-scratch disease 

°. Q fever 

e Rat bite fever 

° Tularemia 

e Brucellosis 

° Leptospirosis 

Lyme disease. Lyme disease is caused by the spirochete Borrelia 
burgdorferi and is transmitted by the Ixodes dammini and I. pacificus 
ticks. The usual manifestation of early Lyme disease is with erythema 
migrans, an erythematous, annular, expanding rash with central clear- 
ing. The rash resolves 1-30 days (usually 2 weeks) after exposure. 
Patients may exhibit fever, chills, fatigue, headaches, malaise, myalgias, 
arthralgias, and lymphadenopathy. Early disseminated Lyme disease 
follows 2-8 weeks after exposure; facial nerve palsy, peripheral neu- 
ropathy, cardiac conduction defects, myocarditis, and aseptic menin- 
gitis may occur. Diagnosis is made clinically in early localized Lyme 
disease because serology lacks sensitivity and specificity during early 
infection and because erythema migrans is so specific for Lyme disease. 
Diagnosis of early disseminated Lyme disease requires a typical clinical 
illness, exposure to ticks known to carry B. burgdorferi and serologic 
evidence of infection with a 2-tier testing strategy. The initial test is an 
enzyme-linked immunosorbent assay (ELISA) or immunofluorescent 
(IFA) test. If this result is equivocal or positive, a Western immunoblot 
is performed. Western blot should not be performed if the ELISA is 
negative or has not been performed because it lacks specificity in this 
setting. 

Cat-scratch disease. Cat-scratch disease is a febrile illness associ- 
ated with cats (usually kittens) and, more rarely, dogs. Bartonella hense- 
lae, which may be transmitted by the cat flea and by cat saliva, is the 
etiologic agent. After a scratch or bite, a papule forms and may persist 


from days to months. Regional lymphadenopathy with 1 or more 
nodes occurs proximal to the skin site 1-9 weeks after inoculation. The 
node or nodes become enlarged and tender and may have overlying 
erythema. The lymphadenopathy usually resolves after 2 months but 
may last up to 3 years. Affected children may have adenopathy with 
fever, headache, malaise, anorexia, sore throat, and conjunctivitis (see 
Chapter 36). 

Q fever. Q fever is caused by Coxiella burnetii, formerly classified 
as a rickettsia. It manifests with headache, fever, chills, malaise, and, on 
occasion, respiratory symptoms. Hepatic, cardiac, and CNS involve- 
ment may occur. Rash is usually not seen. Domestic farm animals, cats, 
rodents, and marsupials may be infected. Pasteurization destroys the 
organism in milk. Diagnosis is made by serologic testing. 

Rat bite fever. Rat bite fever is a relapsing fever caused by Strep- 
tobacillus moniliformis or Spirillum minus. S. moniliformis is a pleo- 
morphic gram-negative bacillus transmitted by rat bite or by 
contaminated food or water. In 1-10 days after exposure, patients may 
exhibit fever, chills, malaise, and muscle aches. A rash may form on 
the extremities; arthralgias and arthritis may occur. Complications 
include abscesses, pneumonia, endocarditis, myocarditis, and menin- 
gitis. Diagnosis is made by blood culture or culture of other infected 
fluid, such as abscess aspiration. 

Tularemia. Francisella tularensis is the causative agent of tularemia. 
The disease is spread by contact with wild animals, such as rabbits and 
squirrels, and by insects that bite these animals, such as mosquitoes, 
ticks, and deer flies, as well as by contaminated water. A maculopapular 
nodule forms at the portal of entry and later becomes ulcerated. The 
child may present with fever, chills, and headache. Lymphadenopathy, 
pharyngitis, conjunctivitis, hepatosplenomegaly, and pneumonia may 
also occur. Diagnosis is made by serologic study. 

Brucellosis. Brucellosis is caused by gram-negative coccobacilli: 
Brucella abortus, B. melitensis, B. suis, or B. canis. The microorganisms 
are found in sheep, goats, cattle, swine, and dogs. Infection may occur by 
airborne spread or by ingestion of meat or milk. The child may present 
with fever, chills, malaise, headache, arthralgias, or myalgias. Pneumo- 
nia, cardiac involvement, and CNS involvement occur in rare cases. 
Diagnosis is made by special culture techniques and serologic study. 

Leptospirosis. Leptospirosis is caused by members of the spiro- 
chete genus Leptospira. Infection is spread by contact with the urine of 
wild or domestic animals. In 1-2 weeks after exposure, patients experi- 
ence the abrupt onset of fever, chills, nausea, vomiting, headache, and 
occasionally conjunctival suffusion and rash. Liver, renal, and CNS 
involvement may also occur. Diagnosis is made by special culture tech- 
niques and serologic testing. 


Fungal Infections 


Fungal causes of FUO include: 
° Blastomycosis 
e Histoplasmosis 
° Coccidioidomycosis 
° Cryptococcoses 
Blastomyces dermatitidis is a saprophytic fungus with both yeast and 
mycelial forms; it is found in the soil all over the world but is common 
in the Americas. It is endemic in the Southeast and Midwest regions 
of North America. Infections with this fungus may be disseminated or 
pulmonary. The diagnosis is made by visualization of single-budding 
yeast in clinical material, culture on Sabouraud agar, or serologic tests. 
Histoplasma capsulatum is a yeast found in soil in the Ohio River 
valley and other locations in the United States that causes pulmonary 
and disseminated disease. Diagnosis is made by the demonstration of 
the microorganism in biopsy specimens or by complement-fixing 
antibody. 


Coccidioides immitis is found in soil in the southwestern United 
States. Infections in humans are associated with a febrile pulmonary 
disease characterized by cough, rash, and chest pain. Diagnosis is 
usually made serologically. 

Cryptococcus neoformans is often found in pigeon droppings and 
can cause a variety of diseases. The diagnosis is made by culture or by 
identification of encapsulated yeast in collected specimens. 


Chlamydial Infection 


Psittacosis and lymphogranuloma venereum are chlamydial causes of 
FUO. Chlamydia psittaci may be transmitted by infected birds and 
produces respiratory illness with fever. Cardiac, liver, CNS, and thyroid 
involvement are rare. Diagnosis is made serologically. C. trachomatis is 
a sexually transmitted organism that causes urogenital infections, peri- 
hepatitis, invasive lymphadenopathy (lymphogranuloma venereum), 
neonatal conjunctivitis, and neonatal pneumonia. Diagnosis is by cell 
culture and rapid antigen tests. 


Rickettsial Infections 


Rocky mountain spotted fever. Rocky Mountain spotted fever 
manifests with fever, headache, intense myalgias, and abdominal symp- 
toms. A characteristic rash is usually present by the 6th day of illness. 
The rash covers the palms, wrists, soles, and ankles and progresses from 
macular to petechial. The disease can last up to 3 weeks. Many end 
organs, including the heart, kidneys, and CNS, can be involved. Trans- 
mission of the causative agent, Rickettsia rickettsii1, occurs by tick bite. 
Diagnosis is made by PCR testing of blood. 

Ehrlichiosis and Anaplasmosis. These infections are caused by 
Ehrlichia chaffeensis, Anaplasma phagocytophilia, and E. ewingii and are 
transmitted by the Lone Star tick. Anaplasmosis is caused by Anaplasma 
phagocytophilia and is transmitted by the black legged deer tick. These 
illnesses are usually seen in the southeastern and upper Midwestern 
United States, respectively, and have manifestations similar to that of 
Rocky Mountain spotted fever. The patient presents with headache, 
myalgias, fever, chills, nausea, vomiting, weight loss, thrombocytopenia, 
and leukopenia. Rash is inconsistent but may be seen after 1 week. 
Pulmonary and renal complications can occur. Mental status changes 
are less frequent. Diagnosis is confirmed by PCR. 


Viral Infections 


Cytomegalovirus infection. CMV may cause a mononucleosis-like 
syndrome in children. Generalized or cervical adenopathy may be seen 
along with fatigue, malaise, fever, hepatosplenomegaly, and abdominal 
pain (see Chapter 36). A morbilliform rash may also be present. Reti- 
nitis, hepatitis, colitis, and pneumonia may occur in children with 
impaired immune systems. The virus is transmitted by contact with 
secretions. Infection is diagnosed by culture (nasopharyngeal, blood, 
urine) or by the detection of specific immunoglobulin G and immu- 
noglobulin M antibodies. 

Infectious mononucleosis. Infectious mononucleosis is typically 
caused by EBV and may manifest with fever, exudative pharyngitis, 
malaise, and fatigue (see Chapter 36). The appearance of rash is some- 
times preceded by amoxicillin therapy, but rash may occur without 
antibiotic administration. Tender lymphadenopathy and hepato- 
splenomegaly may occur. The diagnosis may be made by nonspecific 
tests (heterophile antibody or Monospot) in older patients, but these 
studies are unreliable for young children. Specific antibody tests 
against viral capsid antigen, early antigen, and nuclear antigen are 
recommended in younger children. Treatment is supportive. 

Human immunodeficiency virus infection. Infection with HIV or 
associated opportunistic infections or associated malignancies is 
another cause of FUO in children. 
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Parasites 


FUO in children may be caused by parasitic infections, including (1) 
babesiosis, (2) toxoplasmosis, and (3) toxocariasis. 

Babesiosis is caused by Babesia microtia and is a parasite of rodents 
transmitted to humans by tick bite. Infection may result in fever, chills, 
nausea, vomiting, night sweats, myalgias, and arthralgias. Identifica- 
tion of the organism in a thick smear of red blood cells is diagnostic. 

T. gondii is a protozoan parasite. Children become infected from 
eating contaminated, undercooked meat or from exposure to the 
feces of domestic cats. Most infections acquired postnatally are asymp- 
tomatic but children may develop a mononucleosis-like illness (see 
Chapter 36). 

Toxocariasis (previously visceral larva migrans) results from inges- 
tion of larvae of Toxocara canis or from T. cati shed in dog and cat 
feces, respectively. Infection results in fever, intense eosinophilia, hepa- 
tomegaly, and hypergammaglobulinemia. Lung, heart, and CNS 
involvement is rare. The eye may become infected. Diagnosis is pre- 
sumed with increased eosinophils and hypergammaglobulinemia, and 
elevated titers of isohemagglutinin to A and B blood group antigens. 


Infections in Children Who Live in or Have 


Traveled to Developing Countries 

In a child who has traveled to or lives in a developing country, consid- 
eration must be given to the area, water sources, and activities. Some 
causes of FUO to consider include malaria, hepatitis, typhoid fever, 
tuberculosis, and amebic liver abscess (Table 39.12). 


Malaria 


Malaria is transmitted by the bite of an infected mosquito carrying 1 
of the 5 species of the Plasmodium genus that cause disease in humans. 
The patient experiences chills, rigors, high fever, diaphoresis, and head- 
aches. The incubation period varies among species, from 1 week to 
several months. Demonstration of the parasite on thick peripheral 
blood smear is diagnostic. Risk for malaria can be checked for areas of 
the world on www.cdc.gov/malaria. 


Hepatitis 

Hepatitis A may be contracted by ingestion of contaminated food or 
water. Hepatitis B and C viruses are transmitted through blood prod- 
ucts or sexual contact. Diagnosis is by serologic testing. Symptoms can 
include fever, malaise, jaundice, hepatomegaly, nausea, and anorexia. 
Hepatitis B and C can become chronic (see Chapter 15). 


Typhoid Fever (Enteric Fever) 


Enteric fever is caused by infection with 3 serovars of S. enterica, which 
includes S. typhi. After ingestion of contaminated water or food, 
incubation lasts from 1-6 weeks. Persistent fever, headache, malaise, 
anorexia, and rose spots are clinical hallmarks of enteric fever. Diag- 
nosis is by blood culture. 


Tuberculosis 


Tuberculosis may manifest as FUO in children (see Chapters 2 and 36). 
Affected children may have pulmonary or extrapulmonary disease. The 
signs and symptoms of pulmonary disease may vary greatly from weight 
loss, tuberculin skin test conversion, and low-grade fever to mass effect 
from mediastinal lymphadenopathy and fulminant disseminated pul- 
monary involvement with miliary infiltrates or, in rare cases, cavitation. 
Nonpulmonary tuberculosis more commonly manifests as FUO, inas- 
much as positive chest radiograph findings and pulmonary signs may 
initiate an early work-up for tuberculosis. Hematogenous spread may 
cause liver, heart, or renal involvement. Ingested bacilli may result in 
gastrointestinal tuberculosis. The diagnosis requires demonstration of 
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acid-fast bacilli from sputum, gastric aspirate, or the affected organ. 
Skin testing may yield negative results even with positive controls. 


Amebiasis 


Intestinal infection with Entamoeba histolytica may produce invasion 
of the mucosal lining and spread to other organs such as the liver. 
Amebic liver abscess may manifest with fever, weight loss, right upper 
quadrant pain, and anorexia. The patient may have painful hepato- 
megaly without splenomegaly. The abscess may be localized with 
abdominal ultrasonography or CT. Diagnosis is by serologic study. 


Rheumatic Causes of Fever of Unknown Origin 


Rheumatic diseases as a cause of FUO are the 2nd most common 
identified cause of FUO after infections. In a systematic review, the 
most common causes were JIA and SLE (see Chapter 33). 


Juvenile Idiopathic Arthritis 


JIA is a diagnosis that requires time to identify all of its manifesta- 
tions and to exclude other entities. JIA is defined by arthritis of 
unknown origin that begins in a child younger than 16 years and 
persists for a minimum of 6 weeks. JIA is divided into 3 subtypes: 
systemic, polyarticular, and oligoarticular. The systemic form often 
manifests with prolonged high fever. Affected children often have a 
daily fever and may have a fine macular rash, arthralgias, arthritis, 
hepatosplenomegaly, or pericardial involvement. Polyarticular JIA may 
manifest with arthritis, low-grade fever, morning stiffness, anorexia, 
and weight loss. 


Polyarteritis 


Polyarteritis is a necrotizing vasculitis that may manifest with myalgia, 
arthralgia, fever, vasculitic skin lesions, and abdominal pain. Cardiac, 
CNS, and renal involvement may also occur. The ESR usually is mark- 
edly elevated. Biopsy and the presence of antibodies to proteinase 3 and 
myeloperoxidase (antineutrophil cytoplasmic antibodies) are helpful. 


Systemic Lupus Erythematosus 


SLE may manifest with fever, photosensitivity, mouth sores, weight 
loss, rash, myalgias, malaise, and hepatosplenomegaly. Patients may 
also have serositis and renal involvement. Laboratory tests that are 
helpful include lupus erythematosus cell preparation and those for 
antinuclear antibody, anti-Smith antibody, anti-ribonuclear protein 
antibody, anti-Ro (Sjögren syndrome type A) antibody, and anti-La 
(Sjögren syndrome type B) antibody. 


Behcet Syndrome 

Behcet syndrome is very rare in children but may manifest with FUO. 
Patients may have aphthous stomatitis, arthritis, genital ulcers, uveitis, 
and erythema nodosum. 


Neoplasms 

Hodgkin disease, lymphoma, neuroblastoma, and leukemia may all 
manifest as FUO. In young children, leukemia, neuroblastoma, and 
lymphoma should be suspected, whereas in adolescents, Hodgkin 
disease and Ewing sarcoma are more common as causes of FUO. 


Hodgkin Disease 


Hodgkin disease may manifest with firm, nontender adenopathy, fever, 
night sweats, and weight loss. Diagnosis is made through biopsy. 


Lymphoma 

Non-Hodgkin lymphoma may manifest as painless adenopathy, cough 
or dyspnea from a mediastinal mass, abdominal mass, nerve compres- 
sion, bone pain, fever, and weight loss. Diagnosis is by biopsy. 


Neuroblastoma 


Neuroblastoma may manifest as abdominal, thoracic, or pelvic masses; 
spinal cord compression; bone pain; hypertension; hepatomegaly; 
diarrhea; and fever (see Chapter 17). Diagnosis is aided by radiologic 
studies and urinary catecholamine measurements and is confirmed by 
biopsy. 


Leukemia 


Both acute lymphocytic leukemia and acute nonlymphocytic leukemia 
may manifest with lethargy, pallor, bleeding, fever, bone pain, lymph- 
adenopathy, and arthralgias. Diagnosis is made by blood smear and 
bone marrow biopsy. 


Pheochromocytoma 


Pheochromocytomas are rare catecholamine-secreting tumors; 10% 
occur in children. These tumors manifest with paroxysmal or sustained 
hypertension, headache, excessive sweating, fever, hyperglycemia, and 
palpitations. The tumors are usually in the adrenal medulla, but 35% 
of those occurring in children are multiple or extraadrenal. Diagnosis 
is made by measuring urinary or plasma metanephrine or catechol- 
amine levels. Localization of tumor is by CT, MRI, or iodine 
131-metaiodobenzylguanidine scanning. 


Miscellaneous Causes of Fever of Unknown Origin 
Genetic Diseases (See Chapter 41) 

Familial Mediterranean fever is an autosomal recessive trait seen in 
Sephardic Jews and people of Middle Eastern descent. The fever may 
be accompanied by joint, abdominal, and chest pain. Anhidrotic ecto- 
dermal dysplasia is an X-linked recessive disorder associated with 
decreased ability to sweat, dental abnormalities, and sparse hair. Eye- 
brows and eyelashes may be absent. Fever may result from the inability 
of the body to cool itself. Diagnosis is made by skin biopsy that shows 
an absence of eccrine glands. 


Drug Fever 


Drug fever is a diagnosis of exclusion. Some drugs are more likely than 
others to cause drug fever (G-methyldopa, quinidine, penicillins). 
There is no characteristic fever pattern. There is a highly variable lag 
time between the initiation of the drug and the onset of fever, and there 
is an infrequent association with rash or eosinophilia. Some drugs may 
cause fever by virtue of physiologic side effects. Anticholinergic drugs 
may decrease sweating and diminish the body’s ability to cool itself. 
Chronic salicylate intoxication can cause increased heat production by 
uncoupling oxidative phosphorylation. 


Kawasaki Disease 


Kawasaki disease may manifest with a variety of signs, including rash; 
lymphadenopathy; conjunctival hyperemia; strawberry tongue; erythe- 
matous lips; swelling of hands and feet; arthralgia; arthritis; myocar- 
ditis; late desquamation of hands, feet, and perineal area; and sterile 
pyuria. Fever may be high and spiking. Diagnosis is by fulfillment of 
clinical criteria (see Chapter 40). 


Inflammatory Bowel Disease 


Inflammatory bowel disease (IBD; ulcerative colitis, Crohn disease) 
may manifest with FUO. Ulcerative colitis may manifest with bloody 
diarrhea, fever, fecal urgency, and straining (see Chapter 11). Pyoderma 
gangrenosum, arthritis, and erythema nodosum can also be seen. 
Crohn disease (regional enteritis) may manifest with abdominal pain, 
fever, anorexia, and growth failure. Diarrhea may develop later. Arthri- 
tis, erythema nodosum, and finger clubbing may also occur. Diagnosis 
of IBD is by endoscopy and histology. 


Thyrotoxicosis 


Hyperthyroid states may manifest with FUO. Children usually have 
multiple symptoms, such as irritability, tremor, eyelid lag, and exoph- 
thalmos. Diagnosis is made from thyroid function studies. 


Factitious Disorders 


Factitious fever may be a form of factitious disorder imposed on self 
(formerly Munchausen syndrome) or medical child abuse (formerly 
Munchausen syndrome by proxy) (see Chapter 26). A variety of tech- 
niques have been used to falsely elevate a recorded temperature. A 
mercury thermometer may be rubbed between hands or placed near a 
light bulb. Hot liquids may be placed in the mouth before an oral 
temperature is taken. Hot rectal douches have also been reported to 
raise a rectally taken temperature. Even with pathologic fevers, there is 
some circadian rhythm to the temperature curve; with factitious fever 
there is no rhythm. In addition, there is usually no vasoconstriction, 
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sweating, tachypnea, or tachycardia. If factitious fever is suspected, the 
temperature should be obtained while the patient is observed. The 
temperature of freshly voided urine can also be recorded. 

Other patients may produce actual diseases that cause true fevers, 
such as by injecting infected pyogenic material subcutaneously or 
intravenously or by taking toxic levels of thyroid hormone. Once the 
diagnosis is documented, psychiatric care is indicated. 


Patients in Whom No Diagnosis Is Made 


If no diagnosis is made, most patients are clinically well and asymp- 
tomatic on follow-up. Some may be determined to be healthy from the 
start; most are in good health at follow-up, whereas few have symp- 
toms at the end of evaluation. Some may have relapses of fever for a 
few months. JIA, inflammatory bowel disease, and PFAPA syndrome 
may not be immediately diagnosed but usually manifest typical symp- 
toms and signs within 2 years of the onset of the FUO. 


Many children with fever will have a source identified on their initial 
history and physical examination. Red flags include patients with 
symptoms or signs of sepsis (tachycardia, hypotension) or meningitis 
or encephalitis (fever, headache, irritability, altered mental status and 
for the older child, meningismus). Affected infants with meningitis are 
more likely than older children to have subtle and nonspecific 
symptoms. 

A child with fever of recent onset with no adequate historical 
or physical explanation for the fever is said to have fever without 
source (FWS). Because of the high volume of children with FWS, 
it is important to have a reliable system for individual patient evalu- 
ation and management. Although the majority of patients with FWS 
have a self-limited viral illness, 5-10% have an invasive bacterial 
infection, with young infants at highest risk. Because of the potential 
for morbidity and mortality from the organisms that cause invasive 
disease, identification of patients at high risk is essential. Although 
there is no single, timely series of tests that correctly categorizes 
all patients, the combination of careful clinical evaluation and appro- 
priate laboratory screening criteria can help identify a level of risk 
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in children of different ages. The reduction of bacteremia due to 
vaccine-serotype pneumococcus has led to a careful reduction in 
diagnostic testing, especially in the 3-36 month old child with FWS. 
Red flags include a history of immunodeficiency or other chronic 
medical illness, no prior immunizations, toxic appearance, signs of 
shock, petechiae or purpura, poor responsiveness, and other signs 
of altered mental status. 

Some children, who are initially thought to have FWS, develop into 
patients with FUO. Definitions of FUO in children vary. A practical 
definition balancing different recommendations is FUO is a tempera- 
ture higher than 38°C (100.4°F) daily for at least 8-14 days and no 
diagnosis after an initial evaluation. Work-up of the patient with FUO 
should proceed in a stepwise manner. It should be kept in mind that 
many patients with FUO have unusual, atypical, or complicated mani- 
festations of common childhood illness, mainly infections. Red flags 
include weight loss, night sweats, signs of organ system dysfunction or 
failure, or unstable vital signs suggestive of sepsis. Only in this last 
category should a rapid diagnostic approach be performed and empiri- 
cal antibiotic therapy initiated. 
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Fever and Rash 


Emily M. Densmore and Patricia S. Lye 


The coexistence of fever and rash suggests a relatively wide spectrum 
of pathologic entities for diagnostic consideration. This spectrum 
includes local or systemic infection with a wide range of microbial 
pathogens; toxin-mediated disorders, including those associated with 
bacterial superantigen production; inflammatory conditions, includ- 
ing vasculitides and rheumatologic diseases; and hypersensitivity dis- 
orders. While most conditions causing fever and rash are benign and 
self-limited, a thorough clinical evaluation is crucial to identify those 
caused by life-threatening diseases or those requiring specific treat- 
ment. The essential elements for accurate diagnosis include a detailed 
history and a thorough physical examination including a careful sys- 
tematic observation of the patient for evidence of toxicity. Because this 
approach lacks perfect sensitivity, the laboratory may play an impor- 
tant role in the diagnostic process. 


FEVER AND RASH 
$ History 


Information about the features of the rash includes when it occurred 
in relation to the fever, its evolution or progression, its anatomic dis- 
tribution, and whether it is pruritic or painful (Table 40.1). Degree of 
illness should be evaluated, especially in the infant and toddler, by 
assessing oral intake, activity level, and urine output. A description of 
the fever pattern can be useful (see Chapter 39) and immunization 
status will help prioritize the differential diagnosis. Essential informa- 
tion from the epidemiologic and social history should include season 
of the year; geographic location of the patient’s residence; exposure to 
known ill contacts; recent travel or exposure to individuals from dif- 
ferent geographic areas; exposure to pets, wildlife, or insects; recent 
immunizations; a detailed list of medications; previous blood transfu- 
sion; and for the adolescent patient, intravenous drug use and sexual 
activity. 

The medical and family history should be used to assess the overall 
health of the patient over time, as well as that of family members, to 
determine the possibility of underlying primary or acquired immu- 
nodeficiency or diseases associated with autoimmunity or chronic 
inflammation. A history of increased susceptibility to infection, as 
manifested by chronic or recurrent infectious illnesses after infancy, 
such as pneumonia, sinusitis, bronchitis, otitis media, diarrhea, and 
bacteremia, is an important indicator of underlying immunodeficiency 
disease (see Chapter 41). In addition, the occurrence of an unusually 
severe infection or an infection with a pathogen of low virulence (e.g., 
Pneumocystis jirovect) should raise a suspicion of an immunodeficiency 
state. A history of hemolytic anemia, leukopenia, thrombocytopenia, 
or arthritis suggests an autoimmune disorder or malignancy, which 
may also be associated with impairment in immune function (see 
Chapter 33). 
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In a thorough systems review, the clinician should assess the prob- 
ability of a subacute or chronic underlying infectious, inflammatory, 
or malignant disease by inquiring about anorexia, nausea, vomiting, 
weight loss or failure to thrive, night sweats, fatigue, cough, and exer- 
cise intolerance. The clinician should seek symptoms suggesting mul- 
tisystem disease, such as myalgias, arthralgias, headache, precordial 
pain or pain with inspiration, abdominal pain, jaundice, skin photo- 
sensitivity, peripheral edema, alopecia, Raynaud phenomenon, and 
hematuria. In patients with symptoms that indicate the presence of 
multisystem disease, a thorough survey of the functional status of the 
central, peripheral, and autonomic nervous systems is clinically rele- 
vant. Specific inquiries into visual disturbances, photophobia, disor- 
dered mentation, neck stiffness, paresthesia, weakness, or seizure 
activity are essential and may reveal potentially life-threatening infec- 
tion within the central nervous system or a systemic vasculitis involv- 
ing the nervous system, such as systemic lupus erythematosus (SLE) 
or polyarteritis nodosa. 


$ Examination 


The physical examination is used to refine the probability of underly- 
ing serious illness, to identify rashes typical of a specific diagnosis, 
to look for noncutaneous disease manifestations, and to identify 
if further testing or treatment is indicated (Table 40.2; also see 
Chapters 39 and 48). 

A critical 1st step is an assessment of the patient’s vital signs and 
degree of toxicity. Lethargy, irritability, altered mental status, decreased 
activity, poor perfusion, pallor, or cyanosis indicate serious illness; 
resuscitation and treatment directed at the most likely diagnoses 
should be initiated without delay. The importance of the height of 
fever in predicting the risk of serious illness is unclear. Underlying 
chronic illness and degree of toxicity are more useful for risk assess- 
ment than fever height. The presence of tachycardia and tachypnea in 
any patient with fever and rash suggests the possibility of sepsis. Tachy- 
cardia may also be seen in endocarditis or in myocarditis secondary to 
certain viruses, Kawasaki disease (KD), or acute rheumatic fever. Evi- 
dence of alteration in mental status suggests either sepsis associated 
with decreased organ perfusion or primary meningoencephalitis. The 
presence of hypotension usually indicates septic shock, but other dis- 
orders such as toxic shock syndrome (TSS), dengue hemorrhagic shock 
syndrome, hemorrhagic fever with renal syndrome caused by Hanta- 
virus, and the hemorrhagic shock and encephalopathy syndrome must 
also be considered in this context. Hypertension may be noted in 
association with vasculitic disorders involving small- to medium-sized 
arteries, such as polyarteritis and SLE. 

The clinical characteristics of the rash are often helpful in estab- 
lishing an etiologic diagnosis. A morphologic nomenclature of cutane- 
ous manifestations helps the clinician with differential diagnosis, 


TABLE 40.1 Essential Elements of the 
History in the Clinical Assessment of Fever 
and Rash 


Demographic Data 

Age 

Sex 

Ethnicity 

Season 

Geographic area 

Exposures 

III contacts (home, daycare, school, workplace) 
Sexual contacts 

Travel outside area of residence 

Pets, wildlife, insects (especially ticks) 
Medications and drugs 

Transfusions 

Immunizations 

Occupational 


Features of Rash 
Temporal associations (onset relative to fever) 


Progression and evolution 

Location and distribution 

Pain or pruritus 

Timing and pattern of desquamation 


Associated Symptoms 
Focal (suggesting organ-specific illness) 
Systemic (Suggesting generalized or multisystem illness) 


Prior Health Status 
Medical and surgical history 


Growth and development 
Recurrent infectious illnesses 


Family History 


documentation, and communication (see Chapter 48). An exanthem 
is defined as a skin eruption occurring as a sign of a generalized 
disease. An enanthem is an eruption on the mucous membranes that 
occurs in the context of generalized disease. Exanthems and enanthems 
may be macular, maculopapular, vesicular, urticarial, petechial, or dif- 
fusely erythematous. Rashes are usually classified according to their 
most typical lesion morphology. However, morphology may vary as 
rashes evolve; the rash of Rocky Mountain spotted fever is classically 
described as petechial, but it may initially be maculopapular. Because 
a wide variety of infectious agents, including viruses, bacteria, and 
the rickettsiae, as well as drugs and inflammatory conditions can 
cause exanthems and enanthems, few of these eruptions are pathog- 
nomonic (Tables 40.3, 40.4, and 40.5). 


Specific Skin Lesions 

Maculopapular Eruptions 

Macules are flat, nonpalpable circumscribed lesions, while papules are 
<l cm, circumscribed palpable lesions. Maculopapular lesions may 
coalesce into a more confluent morbilliform (measles-like) eruption. 
A rash with multiple small papules that feels like sandpaper is described 
as scarlatiniform. Maculopapular rashes are usually seen in viral 
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TABLE 40.2 Essential Elements of the 
Physical Examination in the Clinical 
Assessment of Fever and Rash 


Degree of Toxicity 


Vital Signs 
Fever pattern 


Tachycardia or bradycardia 
Tachypnea 
Hypotension or hypertension 


Characteristics of Rash 
Macular 


Papular 

Maculopapular 

Petechiae or purpura 

Diffuse erythroderma 
Accentuation in flexural creases 
Desquamation with stroking (Nikolsky sign) or spontaneous 
Localized erythroderma 
Expansile 

Painful 

Urticaria 

Vesicles, pustules, bullae 
Nodules 

Ulcers 


Distribution and Localization of Rash 
Generalized or localized 


symmetric or asymmetric 


Centripetal or centrifugal 


Associated Enanthem 
Buccal mucosa 


Palate 
Pharynx and tonsils 
Genitals 


Associated Findings (Isolated or in Clusters) 
Ocular 


Cardiac 

Pulmonary 
Gastrointestinal 
Musculoskeletal 
Neurologic 
Lymphadenopathy 
Hepatosplenomegaly 
Arthritis 


illnesses, drug eruptions, and immune complex-mediated disorders. 
The classic childhood exanthems such as measles, rubella, erythema 
infectiosum (fifth disease, caused by parvovirus B19), and roseola 
(exanthem subitum, caused by human herpesvirus types 6 and 7) 
produce a maculopapular rash and are usually clinically recognizable 
(Figs. 40.1 and 40.2; see Table 40.5). Other organisms that commonly 
cause a maculopapular rash include enteroviruses, Epstein—Barr virus 
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TABLE 40.3 Differential Diagnosis of Fever and Rash 


Lesion 


Maculopapular or 
Macular Rash 


Diffuse 
Erythroderma 


Urticarial Rash 


Vesicular, 
Bullous, 
Pustular 


*Common. 


Pathogen or Associated Factor 


Viruses 

Measles (confluent), rubella (discrete), roseola 
(human herpesvirus 6),* fifth disease 
(parvovirus),” EBV,” enteroviruses,” hepatitis B 
virus (papular acrodermatitis or Gianotti—Crosti 
syndrome), HIV, dengue virus, adenovirus 


Bacteria 

Rheumatic fever (group A streptococcus), scarlet 
fever, erysipelas, Arcanobacterium haemolyticum, 
secondary syphilis, leptospirosis, Pseudomonas, 
meningococcal infection (early), Salmonella 
(typhoid rose spots), Lyme disease, Mycoplasma 
pneumoniae,” Listeria monocytogenes, Brucella 
melitensis 


Rickettsiae 
Early Rocky Mountain spotted fever, typhus (scrub, 
endemic), ehrlichiosis (monocytic) 


Other 
Kawasaki disease,” Coccidioides immitis, drug 
reactions, SJIA, hereditary fever syndromes, HLH 


Bacteria 

Scarlet fever (group A streptococcus),* other 
streptococci, toxic shock syndrome 
(Staphylococcus aureus and group A 
streptococcus),* staphylococcal scarlet fever, 
ehrlichiosis (Ehrlichia chaffeensis) 


Fungi 
Candida albicans 


Viruses 
EBV, hepatitis B, HIV, enteroviruses 


Bacteria 
M. pneumoniae, group A streptococci, Shigella, 
meningococcus, Yersinia 


Other 
Various parasites, insect bites, food-drug allergens 
(usually afebrile) 


Viruses 
Herpes simplex,” varicella-zoster, * 
coxsackieviruses,” echoviruses, vaccinia, variola 


Bacteria 

Staphylococcal scalded skin syndrome, 
staphylococcal bullous impetigo, group A 
streptococcal crusted impetigo, gonococcemia 


Other 
Toxic epidermal necrolysis, Stevens—Johnson 
syndrome, rickettsialpox 


Lesion 


Petechial- 
Purpuric 


Erythema 
Nodosum 


Distinctive Rashes 
Ecthyma 
gangrenosum 


Erythema migrans 
Necrotic eschar 
Erysipelas 
Koplik spots 
Erythema 
Marginatum 
Erythema Multiforme 
Rose spots 


Pathogen or Associated Factor 


Viruses 

Atypical measles, congenital rubella, 
cytomegalovirus, enterovirus, HIV, hemorrhagic 
fever viruses, hemorrhagic varicella, EBV, 
hepatitis B, adenovirus, yellow fever 


Bacteria 

Sepsis (meningococcal,”* gonococcal, 
pneumococcal,” S. aureus,*), endocarditis, 
rat-bite fever (Spirillum minus or Streptobacillus 
moniliformis), Pseudomonas aeruginosa, group A 
streptococcus rickettsiae, Capnocytophaga 
canimorsus 


Rickettsiae 
Rocky Mountain spotted fever,” epidemic typhus, 
ehrlichiosis 


Other 
Vasculitis, thrombocytopenia, Henoch—Schénlein 
purpura, malaria 


Viruses 
EBV, hepatitis B, C, HSV, HIV 


Bacteria 

Group A streptococcus, tuberculosis, Yersinia, 
cat-scratch disease, brucellosis, Ü fever, M. 
pneumoniae, tularemia, syphilis 


Fungi 
Coccidioidomycosis, histoplasmosis, blastomycosis, 
sporotrichosis, cryptococcosis 


Other 

Sarcoidosis, inflammatory bowel disease, 
estrogen-containing oral contraceptives, systemic 
lupus erythematosus, Behçet disease, lymphoma 


P. aeruginosa, Vibrio vulnificus 


Lyme disease 

Aspergillosis, mucormycosis 
Group A streptococcus 
Measles 


Acute rheumatic fever (group A streptococcus) 


Herpes simplex virus or M. pneumoniae 
Salmonella 


EBV, Epstein-Barr virus; SJIA, systemic juvenile idiopathic arthritis; HLH, hemophagocytic lymphohistiocytosis; HSV, herpes simplex virus; HIV, 
human immunodeficiency virus 
Modified from Prince A. Infectious diseases. In: Behrman RE, Kliegman RM, eds. Nelson Essentials of Pediatrics. 2nd ed. Philadelphia: WB 


Saunders; 1994:299. 


Day of illness Day of illness 
12 3 4 5 6 7 8 9 10 123 4 5 6 7 8 9 10 


Measles Rubella 


Temperature 
Temperature 


Koplik’s spots 
Conjunctivitis Malaise 
Coryza Conjunctivitis 


Cough Coryza 


Day of illness 


Day of illness 12 3 4 5 6 7 8 9 10 
123 4 5 6 7 8 9 10 


104 
Scarlet © 103 Roseola 
fever z 102 
L 101 
S 100 
99 
98 
Rash 


FIGURE 40.1 Schematic diagrams illustrating differences among 4 acute exanthems characterized by 
maculopapular eruptions. (Modified from Gershon AA, Hotez PJ, Katz SL, eds. Krugman's Infectious Diseases 
of Children. 11th ed. Philadelphia: Mosby; 2004:927, Fig. 45.1.) 


Measles Rubella Scarlet fever 
1st day 3rd day 1st day 3rd day 1st day 3rd day 
of rash of rash of rash of rash of rash of rash 


Circumoral 
pillor 


Strawberry 


Flushed 
cheeks 


ap, 
p 


Koplik’s spots Confluent Increased density tongue 
of buccal mucosa maculopapules on neck Increased 
density 
— in axilla 
Transverse 
Rash lines 
discrete (Pastia's sign) 


Rash 
discrete 


Positive 
Increased density blanching 
in groin test 

(Schultz- 


Charlton) 


Discrete 
maculopapules 


FIGURE 40.2 Schematic drawings illustrating difference in appearance, distribution, and progression of 
rashes of measles, rubella, and scarlet fever. (From Gershon AA, Hotez PJ, Katz SL, eds. Krugman's Infec- 
tious Diseases of Children. 11th ed. Philadelphia: Mosby; 2004:928.) 
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TABLE 40.4 Common Bacterial Exanthems 


Disease 
Scarlet fever 


Staphylococcal 
scalded skin 
syndrome 
(5590) 


Toxic shock 
syndrome (TSS) 


Meningococcemia 


Rocky Mountain 
spotted fever 
(RMSF) 


Rickettsialpox 


Cause 


Group A 
streptococcus 


Staphylococcus 
aureus producing 
exfoliative toxin 


S. aureus producing 
toxic shock 
syndrome toxin-1 
(ISST-1) and 
staphylococcal 
enterotoxins (SEs) 

Group A 
streptococcus 
producing 
Streptococcus 
pyogenes 
exotoxins (SPEs) 


Neisseria 
meningitidis 


Rickettsia rickettsii 


R. akari 


Age 
School age 


Neonates and 
infants 


Adolescent girls 
if menstrual; 
others variable 


Any (<5 yr and 
adolescents) 


Any (>5 yr), male 
> female 


Any 


Season 
Fall, winter, spring 


Any 


Any 


Winter, spring, 
follows influenza 
epidemics 


Summer 


Any 


Transmission 


Direct contact, 
droplets 


Colonization, 
contact 


Colonization, 
contact 


Close, prolonged 
contact 


Carrier ticks 


Mouse mite 


Incubation 

(Days) Prodrome 

1—4 Sore throat, headache, 
abdominal pain, cervical 
lymphadenopathy, fever, 0—2 
days, acute onset 

Unknown None 

Variable, Myalgias, fevers, and 

often 1—5 gastrointestinal symptoms 
May be secondary to wound 

infection, trivial mucosal or 
respiratory infection, or 
necrotizing fasciitis or 
myositis 

5-15 Fever, malaise, myalgia, 1—10 
days 

3—12 Fever, myalgia, headache, 
malaise, ill appearance, 2—4 
days 

7-14 Fever, chills, headache, 


malaise, 4—/ days 


Common Bacterial Exanthems, cont. 


Features and Rash 
Structure 


Diffuse erythema with 
“sandpaper” feel: 
accentuation of erythema 
in flexural creases (Pastia 
lines); circumoral pallor, 
lasts 2—/ days; may 
exfoliate 


Sudden onset, tender 
erythroderma progressing 
to diffuse flaccid bullae; 
significant perioral, 
perinasal peeling; eventual 
diffuse exfoliation (positive 
Nikolsky sign), possibly 
conjunctivitis, purulent 
rhinorrhea 


Diffuse sunburn-like 
erythroderma; hypotension, 
diarrhea, emesis, mental 
status changes; late 
desquamation 


Erythematous, nonconfluent, 
discrete papules (early); 
petechiae, purpura present 
on trunk, extremities, 
palms, soles 


Early maculopapular, then 
petechial or, rarely, 
purpuric; present on 
extremities, then trunk, 
palms, and soles 


At primary bite site, eschar; 
secondary papulovesicles 
in same stage throughout 
illness; fewer vesicles 
than in chickenpox (5-30): 
present on trunk and 
proximal extremities 


Enanthem Complications 


Peritonsillar abscess, 
rheumatic fever, 
glomerulonephritis 


Palatal petechiae, 
strawberry tongue 


Unusual Shock 


Conjunctivitis shock, multisystem organ 


dysfunction/failure 


Petechiae shock, meningitis, 
pericarditis, arthritis, 
endophthalmitis, gangrene, 
disseminated intravascular 


coagulation 


Petechiae variable shock, myocarditis, 


encephalitis, pneumonia 


Unknown Usually none 
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Prevention/Treatment 


Prevent rheumatic fever with 
penicillin within 10 days of 
onset of pharyngitis, treat 
with penicillin 


Treat with intravenous 
antibacterial active against 
S. aureus 


Treat with intravenous 
antibacterial active against 
S. aureus; penicillin if 
group A streptococcus 
suspected; clindamycin; 
possible intravenous 
immune globulin; prevent 
menstrual-associated TSS 
by frequent changes of 
tampon 


Contacts: rifampin; general: 
vaccine; treat with 
ceftriaxone, cefotaxime, 
penicillin (if sensitive) 


Remove ticks as soon as 
possible; use tick 
repellants; treat with 
doxycycline 


Treat with doxycycline 


Comments 


Similar syndrome may 
be noted with 
Arcanobacterium 
haemolyticum in 
adolescents; group A 
streptococci may also 
produce toxic shock or true 
bacteremic shock 
syndromes in addition to 
cellulitis, lymphangitis, and 
erysipelas; S. aureus may 
produce a scarlatiniform 
rash 


Neisseria gonorrhoeae, 
pneumococcus, 
Haemophilus influenza 
type b, group A 
streptococcus may produce 
similar clinical 
manifestations 


Fhrlichia chaffeensis and 
other rickettsiae may 
produce similar illnesses 
with or without a rash 


Often confused with 
chickenpox; may be more 
common than expected, 
especially in crowded 
urban settings with poor 
housing 


TABLE 40.5 Common Viral Exanthems 


Disease 


Measles 
(rubeola) 


Rubella 
(German 
measles) 


Roseola 
(exanthem 
subitum) 


Fifth disease 
(erythema 
infectiosum) 


Chickenpox 
(varicella) 


Enteroviruses 


Mononucleosis 


Gianotti—Crost 
syndrome 
(papular 
acrodermatitis 
of childhood) 


CNS, central nervous system; HBIG, hepatitis B virus immune globulin; 


Cause 
Measles virus 


Rubella virus 


Human herpesvirus 
type 6 (HHV-6), 
Human 
herpesvirus type 
7 (HHV-7) 


Parvovirus B19 


Varicella-zoster 
virus 


Coxsackievirus, 
echovirus, and 
others 


Epstein—Barr virus 


Hepatitis B virus, 
Epstein—Barr 
Virus, 


coxsackieviruses, 


others 


Age 
Infants, adolescents 


Infants, young 
adults 


Infants (6 mo—2 yr) 
for HHV-6, can be 
older children for 
HHV-7 


Prepubertal 
children, 
schoolteachers 


1-14 yr 


Infants, young 


children 


Children, 
adolescents 


1-6 yr 


Season 
Winter, spring 


Winter, spring 


Any 


Winter, spring 


Late fall, winter, 
early spring 


Summer, fall 


Any 


Any 


Transmission 
Respiratory droplet 


Respiratory droplet 


Unknown: saliva of 
asymptomatic 
carrier? 


Respiratory droplets; 
blood transfusion, 
placenta 


Respiratory droplet 


Fecal-oral 


Close contact, saliva, 


blood transfusion 


Variable; fecal, sexual, 


blood products for 
hepatitis B 


Incubation 
(Days) 


V= 


14-21 


9—10 (HHV-6); 


unknown 
(HHV-7) 


Al 


28—49 


Unknown; 


50-180 days 
for hepatitis B 


VZIG, varicella-zoster immune globulin. 


Prodrome 


High fever, cough, coryza, 
conjunctivitis, 2—4 days 


Malaise, fever <101°F, 
posterior auricular, cervical, 
occipital adenopathy, 0—4 
days 


Irritability, high fever 3—7 
days, cervical, occipital 
adenopathy; 


Headache, malaise, myalgia; 
often afebrile 


Fever 


Variable: irritable, fever, sore 
throat, myalgias, headache 


Fever, adenopathy, eyelid 
edema, sore throat, 
hepatosplenomegaly, 
malaise; atypical 
lymphocytosis 


Usually none except for 
specific viral disease; 
arthritis-arthralgia for 
hepatitis B 


Common Viral Exanthems, cont. 


Features and Rash 
Structure 


Maculopapular (confluent), begins 
on face, spreads to trunk; lasts 
3—6 days 

Brown color develops; fine 
desquamation; toxic, 
uncomfortable appearance, 
photophobia; rash may be absent 
in human immunodeficiency virus 
infection 


Discrete, nonconfluent, rose-colored 
macules and papules, begins on 
face and spreads downward; lasts 
1-3 days 


Discrete macules on trunk, neck; 
sudden-onset rash with 
defervescence; lasts 0.5—2 days; 
some patients have no rash 


Local erythema of cheeks (slapped 
cheek appearance); lacy pink red 
erythema of trunk and extremities, 
+ pruritus; rash may lag prodrome 
by 3-7 days; lasts 2—4 days, may 
recur 2—3 wk later 

Pruritic papules, vesicles in various 
stages, 2—4 crops and then crusts; 
distributed on trunk and then 
face, extremities; lasts 7—10 days; 
recurs years later in dermatomal 
distribution (zoster, shingles) 


Hand—foot—mouth: vesicles in those 
locations; others: nonspecific, 
usually fine nonconfluent, macular 
or maculopapular rash, rarely 
petechial, urticarial, or vesicular: 
lasts 3—7 days 


Maculopapular or morbilliform on 
trunk, extremities; may be 
confluent; often elicited by 
simultaneous administration of 
ampicillin or allopurinol; rash in 
15% and in 50% with drug- 
induced form, lasts 2—7 days 


Papules, papulovesicles, discrete or 
confluent; face, arms, extremities, 
often spares trunk; lasts 4—10 
days 


Enanthem 


Koplik spots on buccal 
mucosa before rash 


Variable erythematous 
macules on soft palate 


Variable erythematous 
macules on soft palate 


None 


Oral mucosa, tongue 


Yes 


Variable 


Variable 


Complications 


Febrile seizures, otitis, 
pneumonia, encephalitis, 
laryngotracheitis, 
thrombocytopenia; delayed 
subacute sclerosing 
panencephalitis 


Arthritis, thrombocytopenia, 
encephalopathy; fetal 
embryopathy 


Single or recurrent febrile 
seizures; encephalopathy; 
dissemination (e.g., liver, 
CNS, lung) in 
immunosuppressed patients 


Arthritis, aplastic crisis in 
patients with chronic 
hemolytic anemia (e.g., 
sickle cell), fetal anemic 
hydrops, vasculitis, Wegner 
granulomatosis 

Staphylococcal or 
streptococcal skin infection, 
arthritis, cerebellar ataxia, 
encephalitis, 
thrombocytopenia, Reye 
syndrome (with aspirin), 
myocarditis, nephritis, 
hepatitis, pneumonia; 
dissemination in 
immunocompromised 


Aseptic meningitis, hepatitis, 
myocarditis, paralysis: 
usually in younger patients 


Anemia, thrombocytopenia, 
aplastic anemia, hepatitis; 
rarely hemophagocytic 
lymphohistiocytosis, 
lymphoproliferative 
syndrome 


As per specific disease 


Prevention/ 
Treatment 


General: measles vaccine at 
12—15 mo and again at 
4—6 yr 

Exposure: measles vaccine 
if within 72 hr; immune 
globulin if within 6 days 
of exposure (must then 
wait 5—6 mo to vaccinate) 

The World Health 
Organization recommends 
treatment with vitamin A 
in all patients with 
measles 


General: rubella vaccine at 
12—15 mo and again at 
4—6 yr; exposure: possibly 
immune serum globulin 


None 


Isolation of patients with 
aplastic crisis but not 
normal host with fifth 
disease 


VZIG for exposed 
immunosuppressed 
patients, susceptible 
pregnant women, preterm 
neonates, and infants at 
birth whose mother 
developed varicella 5 days 
before and 2 days after 
birth; active immunization 
with live attenuated 
vaccine at 12 mo 


None 


None 


Hepatitis B: HBIG plus 
vaccine 


Comments 


Reportable to public health 
department; epidemics 
reported, contagious 3 
days before symptoms 
and to 4 days after rash 

Increasing incidence as 
vaccination rates are 
decreasing 


Reportable to public health 
department; epidemics 
reported, contagious 2 
days before symptoms 
and 5-7 days after rash 


No epidemics 


Epidemics reported; once 
rash is present, the 
normal host is not 
contagious; patients 
with aplastic crisis often 
have no rash 


Acyclovir therapy for 
immunosuppressed and 
possibly normal patients 
(controversial); 
contagious 1—2 days 
after rash (usually no 
longer contagious when 
all lesions are crusted 
and no new lesions 
appear) 


Rash may appear with 
fever or after 
defervescence; rash may 
be present in <50% of 
enteroviral illnesses; 
epidemics possible, 
contagious up to 2 wk 


Cytomegalovirus and 
toxoplasmosis also 
produce mononucleosis- 
like illness; monospot or 
heterophile tests 
negative 
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(EBV), cytomegalovirus, adenovirus, and hepatitis B virus. Erythema 
migrans, the distinctive rash of Lyme disease (caused by the tick-borne 
spirochete Borrelia burgdorferi), begins as a papule at the site of a recent 
tick bite and slowly expands over days to weeks to form an erythe- 
matous, annular lesion, sometimes with partial central clearing (Fig. 
40.3). Erythema marginatum, a rare but major manifestation of acute 
rheumatic fever, is also distinctive (Fig. 40.4). 


FIGURE 40.3 Erythema Migrans—Erythematous Target-Like 
Plaque of Lyme Disease. The primary skin lesion of B. burgdorferi 
infection is noted for centrifugal expansion, sometimes leaving a central 
clearing. (Courtesy James Gathany; Content Providers CDC/James 
Gathany—this media comes from the Centers for Disease Control and 
Prevention’s Public Health Image Library [PHIL], with identification 
number #9875. From Borchers AT, Keen CL, Huntley AC, et al. Lyme 
disease: a rigorous review of diagnostic criteria and treatment. J Auto- 
immun. 2015;57:82-115.) 


SAS 


Morbilliform drug eruptions are often indistinguishable from 
viral exanthems and present 7-14 days after exposure to a drug 
(Fig. 40.5). As with most viral exanthems, the rash starts on the 
trunk and spreads to the extremities. Examples of causative agents 
include aminopenicillins, cephalosporins, antiepileptics, and sulfon- 
amides. Morbilliform drug eruptions usually resolve spontaneously 
after discontinuation of the culprit drug, but sometimes they are 
the Ist sign of the potentially life-threatening syndrome drug rash 
with eosinophilia and systemic symptoms (DRESS, also known as 
drug-induced hypersensitivity syndrome, formerly anticonvulsant 
hypersensitivity syndrome). 

Inflammatory diseases can present with fever and maculopapular 
rash. Systemic juvenile idiopathic arthritis (SJIA, Still’s disease) 
presents with an evanescent, salmon-colored macular rash on the 
trunk and proximal extremities that coincide with fever spikes (see 
Chapter 33). Many of the hereditary periodic fever syndromes 
manifest with maculopapular (or urticarial) rash associated with 
fever (see Chapter 41). 


ie F 4 auf PSS 

FIGURE 40.4 Polycyclic red borders of erythema marginatum in a 
febrile child with acute rheumatic fever. (From Schachner LA, Hansen 
RC, eds. Pediatric Dermatology. 3rd ed. Philadelphia: Mosby; 2003:808.) 


A 
A ; 


FIGURE 40.5 Morbilliform drug eruptions. A, Fine pink macules and thin papules becoming confluent on 


the posterior upper arm, which is a dependent area in this hospitalized patient. B, More edematous (” urti- 
carial”) pink papules; unlike true urticaria, these lesions are not transient. (Courtesy Julie V. Schaffer, MD. 
From Fever and Rash. In: Bolognia JL, ed. Dermatology Essentials. Philadelphia: Elsevier; 2014;3:28-38.) 


Petechiae and Purpura 


Extravasation of red blood cells from the vasculature into the skin 
produces petechiae and purpura. These lesions do not blanch with 
applied pressure. Petechiae are pinpointlesions (<3 mm),and purpura 
are larger lesions, and can be either palpable or nonpalpable. While the 
majority of patients with fever and petechiae have a benign illness, 
their presence, especially in a child younger than 24 months, is of 
particular concern. Between 2% and 20% of affected patients have an 
underlying bacterial infection, and depending on the clinical setting, 
0.5-10% have sepsis caused by Neisseria meningitidis. Other potentially 
serious infections signaled by a petechial rash and fever include bacte- 
rial endocarditis and Rocky Mountain spotted fever. Group A strepto- 
coccal (GAS) pharyngitis is the most common bacterial cause of fever 
and petechiae, with up to 20% of patients with fever and petechiae 
being diagnosed with GAS pharyngitis in some studies. Common viral 
causes include enterovirus and adenovirus. Febrile children may 
develop petechiae after coughing or vomiting; petechiae in this setting 
are almost always located in the superior vena cava distribution above 
the nipple line. Noninfectious causes of fever and petechiae include 
drug eruptions and acute leukemia. Not all children with fever and 
petechiae have thrombocytopenia. 

Diffuse purpuric lesions may be noted in a wide variety of disor- 
ders. These include infectious diseases associated with organisms with 
a predilection for vascular endothelium, such as N. meningitidis and 
R. rickettsii; virus-associated diseases, such as dengue hemorrhagic 
fever and the hemorrhagic fever with renal syndrome caused by 
the Hantavirus; uncommon bacterial diseases, such as Brazilian pur- 
puric fever caused by Haemophilus aegyptius; and the hemorrhagic 
shock—encephalopathy syndrome. Purpura is also associated with dis- 
seminated intravascular coagulation (DIC) and profound thrombocy- 
topenia, such as in idiopathic thrombocytopenic purpura (see Chapter 
38). Purpura followed by subsequent necrosis of skin is referred to as 
purpura fulminans, which has been reported after relatively benign 
infections such as varicella or with more serious disorders (meningo- 
coccemia). Purpura can occur in the noninfectious vasculitides, such 
as Henoch—Schonlein purpura (HSP). Discrete, raised purpuric lesions 
(palpable purpura) distributed predominantly over the buttocks and 
lower extremities are typical for this disorder. While all febrile patients 
presenting with diffuse or discrete purpuric lesions must be considered 
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to be at risk for bacteremia (Fig. 40.6), patients with HSP are generally 
well-appearing but may have significant discomfort from arthritis or 
abdominal pain. 


Vesiculobullous Eruptions 


Vesicular rashes (sharply demarcated, raised lesions containing clear 
fluid), bullae (vesicles exceeding 1 cm in diameter), or pustules (raised 
lesions containing cloudy fluid composed of serum and inflammatory 
cells) may be suggestive of focal or disseminated infection with various 
pathogens or signal a serious drug reaction. Localized vesicles may 
suggest infection with herpes simplex virus (HSV) type 1 or 2 (espe- 
cially if the vesicles are grouped on an erythematous base), varicella- 
zoster virus (especially if grouped vesicles are distributed in a 
dermatomal pattern) (Fig. 40.7), or infection with nonviral pathogens, 
such as Rickettsia akari (the cause of rickettsialpox, a mouse mite- 
borne rickettsiosis found worldwide but common in New York City). 
Localized pustules and bullae are usually suggestive of pyodermas 
caused by Staphylococcus aureus, but pustular lesions distributed on the 
palms and soles in the context of fever may represent infective emboli 
with microabscess formation (Janeway lesions), which are often caused 
by S. aureus endocarditis. 

Vesicles distributed in a more generalized pattern, especially with 
a concentration of lesions over the head and trunk, are suggestive of 
primary varicella-zoster virus infection (chickenpox), whereas a more 
generalized pattern with a concentration over the extremities is sug- 
gestive of enteroviral infection, especially with coxsackievirus A16 
(hand-foot—mouth disease). Orthopoxviruses such as monkeypox, 
like smallpox, cause a systemic febrile rash illness with lesions that 
progress from papules to vesicles to pustules concentrated on the face 
and extremities. Acute generalized exanthematous pustulosis (AGEP) 
is a rare cutaneous hypersensitivity reaction characterized by numer- 
ous sterile pustules beginning on the face and spreading to the trunk 
and limbs. It typically presents within 24 hours after exposure to an 
offending drug, usually a B-lactam or macrolide antibiotic. The clini- 
cian evaluating the sexually active patient presenting with asymmetric 
generalized pustules or vesicopustular lesions should also consider 
disseminated infection with N. gonorrhoeae. Diffuse vesiculobullae 
may be noted in Stevens—Johnson syndrome (SJS) or in toxic epider- 
mal necrolysis (TEN), life-threatening mucocutaneous hypersensitiv- 
ity diseases usually related to drugs. 
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FIGURE 40.6 Purpuric lesions with sharply marginated borders on the hands of a patient with meningococ- 
cemia. (Courtesy Department of Dermatology, Yale University School of Medicine.) 
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FIGURE 40.7 Skin lesions of chickenpox. Note the varying stages of 
development (macules, papules, and vesicles) present at the same 
time. (From Paller AS, Mancini AJ. Hurwitz Clinical Pediatric Dermatol- 
ogy. bth ed. Philadelphia: Elsevier; 2016.) 


Nodules 


Nodules (discrete, raised, firm, well-demarcated lesions without fixa- 
tion to the overlying skin) may be associated with a number of under- 
lyinginfectious or inflammatory disorders,such as polyarteritis nodosa 
and Sweet syndrome (acute febrile neutrophilic dermatosis). Red, pink, 
or plum-colored nodules distributed in a seemingly random manner 
over the skin surface may represent leukemic infiltrates. The subcuta- 
neous nodules of acute rheumatic fever are usually located over bony 
extensor surfaces near tendons and are found in <5% of patients with 
acute rheumatic fever. They may also be found in patients with poly- 
articular JIA and dermatomyositis. 

Erythema nodosum (erythematous and painful nodules usually 
distributed over the extremities) may be associated with viral infec- 
tions including hepatitis B and C; bacterial infectious agents, most 
commonly group A B-hemolytic streptococcus; Brucella species; Yer- 
sinia species; mycobacterial infections; fungal infections with Candida 
species, Histoplasma capsulatum, Blastomyces dermatitidis,; Cryptococ- 
cus neoformans, or Coccidioides immitis; or drug reactions, especially in 
response to oral contraceptives and sulfonamides. Other noninfectious 
causes include SLE, sarcoidosis, and inflammatory bowel disease. 


Ulcers 


Ulcers are depressed lesions in which the epidermis and some or all of 
the dermis has been destroyed. In immunocompromised hosts, infec- 
tion with HSV may manifest with shallow erosive or ulcerative lesions. 
In immunocompetent hosts, cutaneous ulcerations may be noted in 
noninfectious disorders associated with vasculitis, such as SLE, poly- 
arteritis nodosa, and HSP. 

Pyoderma gangrenosum and ecthyma gangrenosum are painful 
cutaneous ulcerative lesions with an erythematous, raised edge. The 
lesions usually begin as a papule and break down rapidly with central 
necrosis. It may be seen in immunocompromised patients with 
systemic infections with bacterial pathogens, such as Pseudomonas 
aeruginosa and Stenotrophomonas maltophilia (ecthyma). In immu- 
nocompetent patients, the lesion may manifest in the context of 
inflammatory bowel disease (pyoderma gangrenosum), PAPA (pyo- 
genic arthritis, pyoderma gangrenosum, acne), or rheumatoid arthri- 
tis. Digital ulcerations may be noted in patients with small vessel 
vasculitis, such as SLE. Oral ulcerations may be noted in those with 
herpes simplex or coxsackievirus (hand—foot—mouth disease) or as 
a manifestation of Behcet disease, SLE, PFAPA (periodic fever, aph- 
thous stomatitis, pharyngitis, adenitis), or inflammatory bowel disease. 


Erythema 

Diffuse erythema (erythroderma) is associated with toxin-mediated 
disorders characterized by superantigen production. Bacterial super- 
antigens cause nonspecific T cell stimulation resulting in several acute 
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FIGURE 40.8 An infant with staphylococcal scalded skin syndrome. 
(From Kliegman RM, Stanton BF, St Geme JW Ill, et al, eds. Nelson 
Textbook of Pediatrics. 20th ed. Philadelphia: Elsevier; 2016.) 


rash-fever disorders, such as the staphylococcal scalded skin syndrome 
(SSSS; Fig. 40.8), streptococcal scarlet fever, staphylococcal or strepto- 
coccal toxic shock syndrome, and possibly KD. 

Localized erythema in the context of acute fever is strongly sug- 
gestive of cellulitis, erysipelas, or abscess. The presence of warmth, 
tenderness, and associated lymphangitis is highly indicative. Organ- 
isms causing cellulitis or abscess formation are usually inoculated 
directly into the skin as a result of trauma. However, bacteremic local- 
ization is well described among young children with preseptal or facial 
cellulitis associated with H. influenzae type b or S. pneumoniae. 

Patients with SLE or dermatomyositis may present with an isolated 
erythematous malar rash (butterfly rash), which is exacerbated by 
exposure to sunlight. The acute onset of intense “slapped-cheek” ery- 
thema of the face suggests erythema infectiosum, a recognizable exan- 
them caused by parvovirus B19, and should be differentiated easily 
from the malar rash of SLE, which usually manifests other character- 
istics, such as chronicity as well as hyperkeratosis and follicular plug- 
ging. In addition, patients with erythema infectiosum tend to have a 
maculopapular, lacelike rash over the arms, which may spread to the 
buttocks and thighs (Fig. 40.9; see Table 40.5). 

Patients with dermatomyositis may have localized lilac-colored 
lesions over the eyelids (heliotrope rash), which may be associated with 
periorbital edema. Such patients characteristically, but not invariably, 
have an erythematous, scaly eruption on the face, neck, knees, elbows, 
and phalanges. When the rash is localized over the knuckles, it resem- 
bles dripped wax and has been referred to as Gottron papules. 


$ Other Physical Examination Findings 

Joint Manifestations 

Pain, swelling, tenderness, and limited range of motion involving 1 
joint or multiple joints, or that migrate from joint to joint, or discrete 
pain at the insertion of tendons, ligaments, or fascia (enthesopathy) 
indicates a primary infectious illness, a “reactive” (immunologically 
mediated) disorder, or a systemic inflammatory condition. Primary 
infectious illnesses associated with this finding include N. gonorrhoeae, 
B. burgdorferi (Lyme disease), parvovirus, and rubella, including 
vaccine-associated strains. Reactive disorders, such as reactive arthritis 
(arthritis/enthesitis, conjunctivitis, urethritis), may be associated with 
infection caused by enteric pathogens, such as Salmonella and Shigella 


FIGURE 40.9 Erythema infectiosum. (From Kliegman RM, Stanton BF, 
St Geme JW Ill, et al, eds. Nelson Textbook of Pediatrics. 20th ed. 
Philadelphia: Elsevier; 2016). 


organisms, or genital pathogens, such as N. gonorrhoeae or Chlamydia 
species, but may also include diseases of unknown origin, such as 
inflammatory bowel disease, in which the rash is usually erythema 
nodosum. A serum sickness-like reaction can be seen after treatment 
with antibiotics. Children with systemic inflammatory conditions 
including KD, HSP, polyarteritis, SLE, SJIA, acute rheumatic fever, and 
some of the hereditary periodic fever syndromes may also have joint 
manifestations (see Chapters 33 and 41). 


Cardiac Manifestations 


Cardiac manifestations may accompany acute rheumatic fever, bacte- 
rial endocarditis, KD, or SJIA (see Chapter 33). The presence of tachy- 
cardia out of proportion to the severity of the fever may be indicative 
of sepsis or the carditis accompanying acute rheumatic fever, KD, or 
DRESS. A precordial friction rub is suggestive of pericarditis, which is 
noted frequently in patients with SJIA. The presence of a new murmur 
or a changing murmur on auscultation is suggestive of bacterial endo- 
carditis, whereas the detection of the apical systolic murmur of mitral 
regurgitation or the diastolic murmur of aortic insufficiency is sugges- 
tive of acute rheumatic fever (see Chapter 8). A gallop rhythm on 
auscultation indicates underlying myocarditis, which may accompany 
coxsackievirus infection, rheumatic disease, or KD. 


Ocular Manifestations 


Isolated ocular manifestations, such as conjunctival injection and frank 
conjunctivitis, may be suggestive of infection with measles or adeno- 
virus, leptospirosis, KD, SJS, TEN, or reactive arthritis. The skin, eye, 
mouth form of neonatal HSV can infect the eyes, causing conjuncti- 
vitis and keratitis. Anterior uveitis (redness with accompanying pho- 
tophobia or pain or change in vision) may indicate KD, SJIA, 
sarcoidosis, ulcerative colitis, Behçet syndrome, or uncommonly, an 
infection such as leptospirosis. Retinal hemorrhages seen on fundus- 
copy may indicate bacterial endocarditis. 


Neurologic Manifestations 


Neurologic findings accompanying fever and rash may be indicative of 
specific infectious or immunologically mediated disorders. Mental 
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status findings suggestive of recent-onset psychosis may indicate cere- 
britis, which can accompany SLE. Significant alteration in mental 
status accompanied by seizure or focal motor impairment or cerebellar 
dysfunction may be suggestive of primary infectious encephalitis asso- 
ciated with arbovirus, herpes simplex, measles, varicella-zoster virus, 
rickettsia, West Nile virus, or M. pneumoniae infection. Nuchal rigidity, 
the Kernig sign, or the Brudzinski sign indicates meningeal irritation, 
which may accompany infection caused by the enteroviruses; bacteria 
such as S. pneumoniae or N. meningitidis; fungi such as H. capsulatum 
and spirochetes such as B. burgdorferi; or inflammation caused by 
underlying SLE, sarcoidosis, or KD. Cranial nerve palsies, ataxia, or 
peripheral neuropathy may accompany infection with B. burgdorferi 
early in the course of Lyme disease (especially Bell’s palsy), or it may 
indicate an underlying vasculitis, such as SLE. Movement abnormali- 
ties, particularly chorea, may be suggestive of either SLE or acute 
rheumatic fever. Hemophagocytic lymphohistiocytosis (HLH) is a 
life-threatening syndrome of excessive immune activation that can 
have varied neurologic manifestations including seizure, mental status 
changes, and ataxia. The rash associated with HLH is also variable and 
can be maculopapular, erythrodermic, petechial, or purpuric. When 
seen in a patient with SJIA, the syndrome is called macrophage activa- 
tion syndrome. 


Pulmonary Manifestations 


The presence of isolated lower respiratory tract findings (decreased 
breath sounds, rales, expiratory wheezing, respiratory distress, and 
cyanosis) indicates underlying pulmonary infection with an organism 
such as measles, respiratory syncytial virus, adenovirus, Mycoplasma 
pneumoniae, or Legionella pneumophila. Although sarcoidosis, collagen 
vascular disease, and systemic vasculitis (granulomatosis with polyan- 
giitis, eosinophilic granulomatosis with polyangiitis, HSP) may involve 
the lower respiratory tract, isolated pulmonary findings are infre- 
quently indicative of these disorders. The acute respiratory distress 
syndrome can develop in any patient with a serious systemic inflam- 
matory condition such as sepsis, SJS, TEN, HLH, and DRESS. 


Clusters of Findings 


Clusters of findings on examination that are of diagnostic importance 
include the following. 

The mucocutaneous—lymph node cluster (bilateral conjunctival 
injection, palmar-plantar erythema/indurative edema of the hands and 
feet, erythema of the oropharyngeal mucosa/“strawberry” tongue, cer- 
vical lymphadenopathy) is suggestive of KD, TSS, SJS, streptococcal 
scarlet fever, Rocky Mountain spotted fever, dengue, and leptospirosis. 

The reticuloendothelial cell hyperplasia cluster (hepatospleno- 
megaly with or without generalized adenopathy) is suggestive of (1) 
disseminated infectious disease caused by bacteria (Salmonella typhi or 
other enteric fever pathogens), virus (cytomegalovirus, human immu- 
nodeficiency virus—1 [HIV-1], EBV), rickettsia (Orientia tsutsugamushi 
in “scrub typhus”), protozoa (malaria), or fungus (H. capsulatum, C. 
immitis); (2) disseminated malignancy; (3) sarcoidosis; (4) HLH; or 
(5) rheumatologic disease. 

The mononucleosis-like syndrome cluster (exudative pharyngitis 
and regional adenopathy with or without splenomegaly) is suggestive 
of infection with group A streptococcus, Arcanobacterium haemolyti- 
cum, Francisella tularensis, EBV, toxoplasmosis, cytomegalovirus, or 
coxsackievirus or DRESS. 


® Diagnostic Studies 

The history and physical examination together determine the prior 
probability of a specific disease. In the context of a very high or very 
low prior probability of a specific disease, laboratory testing adds very 
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little useful information. Thus, ancillary testing is most useful when 
the prior probability of specific disease is equivocal. 


® Laboratory Tests 


In an ill-appearing child, basic laboratory testing including complete 
blood count with smear; chemistries; blood, and possibly cerebral 
spinal fluid cultures should be obtained. Coagulation studies should 
be completed in patients with petechiae, purpura, bleeding, or concern 
for DIC. 

A Gram stain of any ulcerative, pustular, petechial, or purpuric 
lesion can be useful. The identification of bacteria suggests pyogenic 
infection, which may be localized or disseminated. The presence of 
only polymorphonuclear white blood cells in the fluid of pustular 
lesions does not exclude bacterial infection from consideration, espe- 
cially disseminated infection with N. gonorrhoeae. Specimens of these 
lesions or any fluid from a pustule should also be obtained for bacterial 
culture. 

Vesicular and bullous lesions in a febrile child with an uncertain 
diagnosis can be unroofed, scraped at the base, and submitted for 
microscopic examination after Tzanck preparation. The presence of 
multinucleated giant cells or eosinophilic intranuclear inclusions indi- 
cates infection with herpesvirus or varicella-zoster virus. The sensitiv- 
ity of the Tzanck preparation for cutaneous herpes simplex infection 
is 64% and the specificity is 86%. Because the sensitivity of the proce- 
dure is low, a negative result does not exclude the diagnosis of herpes 
simplex infection. Thus, to identify the virus, a specimen of the lesion 
should also be obtained for polymerase chain reaction (PCR), which 
is more sensitive than culture. 

Diagnosing a systemic infectious illness may necessitate the use of 
specific bacterial, viral, or fungal culture techniques; paired acute- and 
convalescent-phase serologic study; antigen detection systems; or 
molecular techniques such as PCR or 16S (bacterial) 28S (fungal) 
ribosomal DNA. Culture techniques are most specific when normally 
sterile tissue or body fluids are sampled and inoculated directly into 
liquid or solid media. Interpretation of bacterial cultures obtained 
from nonsterile sites, such as the tonsils and nasopharynx, are subject 
to increased rates of false-positive results because of recovery of organ- 
isms that colonize these areas. 

Serologic techniques are potentially useful in establishing a diag- 
nosis of a specific infection by demonstrating a 4-fold rise in titer 
between samples obtained during the acute and convalescent phases 
of illness. Confirmation of infection with the rickettsiae is probably 
best accomplished through serologic techniques demonstrating a 
4-fold increase in titer because culture systems and PCR testing for 
rickettsiae are not widely available. Detection of a recent infection with 
group A streptococci may be accomplished by demonstrating antibod- 
ies to streptolysin O (ASO titer) or to deoxyribonuclease B (anti- 
DNAse B). Alternatively, immunoblot or PCR techniques rather than 
serologic tests best confirm many specific viral pathogens. 

Antigen detection systems are useful for rapid diagnosis. A solid- 
phase detection system, such as enzyme-linked immunosorbent assay 
(ELISA), has the advantage of being independent of the need for intact 
cellular material but is affected by antigen or antibody cross-reactivity 
in the sample (which limits specificity) and by poor antigen-antibody 
affinity (which limits sensitivity). Nonetheless, ELISA is the preferred 
technique for the serologic diagnosis of a wide spectrum of infectious 
agents, including B. burgdorferi (Lyme disease pathogen) (as the Ist 
part in a 2-tier serologic assay, the 2nd being a Western immunoblot; 
see Chapter 39) and hepatitis B virus. 

Latex particle agglutination is an alternative solid-phase antigen 
detection system that does not require intact cellular material and 
whose advantages include rapidity of use and ease of interpretation. 


Latex particle agglutination is used for the rapid identification of 
patients with group A streptococcal pharyngitis or with invasive disease 
caused by encapsulated bacteria, such as S. pneumoniae, H. influenzae 
type b, N. meningitidis, group B streptococci, and Escherichia coli BK1. 
Latex particle agglutination is limited by factors similar to those affect- 
ing ELISA. Latex agglutination tests for group A streptococci have 
specificities of more than 90%, which facilitates their use for clinical 
confirmation of infection, but their sensitivities are only 60-90%, 
which limits their use in excluding infection. 

The identification of patients with noninfectious systemic illness 
caused by underlying rheumatologic disease, immune complex disease, 
or vasculitis is best accomplished through serologic techniques com- 
bined with other indirect laboratory evidence of active inflammation 
or tissue injury (see Chapter 33). Diagnoses of autoinflammatory dis- 
eases are based on clinical criteria and can be confirmed with genetic 
testing (see Chapter 41). Cardiovascular biomarkers such as N-terminal 
pro-B-type natriuretic peptide (NT-proBNP) are increased in the 
serum of patients with KD and hold promise in supporting the diag- 
nosis of KD. 


Histopathology 


Punch biopsy for light and electron microscopy and immunohistologic 
studies should be considered for diagnostic purposes for patients pre- 
senting with fever and bullous lesions that are clearly not typical pyo- 
dermas; fever and nodular lesions; or lesions suggestive of vasculitis 
(palpable purpura, livedo reticularis). A punch biopsy with indirect 
immunofluorescent antibody staining may also be useful for patients 
with petechial lesions, especially in an acral distribution, for the early 
diagnosis (at days 4-8 of illness) of infection with R. rickettsii. This 
procedure has a sensitivity of 53% and a specificity of 100%. The low 
sensitivity of the test may be related to the rickettsiostatic effect of 
antimicrobial treatment before presentation, but it indicates clearly 
that decision making in the acute care setting is limited by the high 
rate of false-negative classifications expected with this procedure. 


Other Diagnostic Studies 


Echocardiography and electrocardiography (ECG) are part of the diag- 
nosis of some fever and rash syndromes. The 2015 revision of the Jones 
criteria for diagnosis of acute rheumatic fever adds echocardiography 
as a way to diagnose cardiac involvement even when it is not clinically 
evident. Prolonged P-R interval on ECG remains 1 of the minor Jones 
criteria. In incomplete KD, echocardiography is used to guide diagno- 
sis when patients do not meet all classic criteria. 


® Diagnosis and Decision Making 


Accurate diagnosis depends on careful synthesis of selected data 
obtained from the clinical assessment. Because most children with 
acute episodes of fever and rash have a common, self-limited infectious 
disease, a specific diagnosis can often be established simply by pattern 
recognition alone (e.g., visual recognition of the common exanthems 
of childhood or a specific lesion such as erythema migrans) or with 
minimal use of adjunctive testing (a rash consistent with scarlet fever 
accompanied by a positive PCR or latex agglutination test for group A 
streptococcus). Because the spectrum of infectious pathogens is broad, 
and the presenting complaints or features of the rash may be atypical, 
and on occasion, the diagnosis may not yield easily to simple pattern 
recognition. In these situations, empirical use of the laboratory may 
prove useful to the clinician. 

In a series of febrile children presenting for evaluation of general- 
ized erythematous rashes of various patterns that were not indicative 
of a specific disorder by history or examination, an infectious cause 
could be established in 65% after a limited set of laboratory tests. The 


tests consisted of a throat culture for streptococci (including non- 
group A streptococci) and serologic studies to detect rubella, measles, 
hepatitis A and B viruses, EBV, parvovirus B19, and M. pneumoniae. 
This strategy was based on physician knowledge of the age-specific 
and/or seasonal incidence of infectious pathogens in the population 
studied. It may be preferable to “watchful waiting” and serial clinical 
follow-up when the patient is judged to be at risk for a treatable illness 
associated with significant subsequent morbidity (e.g., streptococcal 
infection leading to acute rheumatic fever) or when specific informa- 
tion is necessary to advise parents of the risk of contagion to other 
children, to immunocompromised contacts, or to pregnant women. 

Well-appearing patients with fever and petechial rash present a 
challenge to the clinician. Such patients with cough or emesis and pete- 
chiae only above the nipple line, and a positive streptococcal antigen 
test, or patients with normal leukocyte, absolute neutrophil, and plate- 
let counts and a normal prothrombin time are exceedingly unlikely to 
have an invasive bacterial illness such as meningococcemia. 

The subset of patients with fever and rash who appear toxic, have 
unstable vital signs, or altered mental status must have a comprehen- 
sive evaluation and a diagnosis confirmed as quickly as possible to 
detect potentially life-threatening underlying infection. Patients with 
thrombocytopenia and an abnormal coagulation profile should be 
admitted for further evaluation and treatment of DIC, which may have 
an underlying infectious or inflammatory cause. Patients with throm- 
bocytopenia and a normal coagulation profile may have infection with 
tick-borne rickettsial pathogens, Ehrlichia chaffeensis, EBV, an auto- 
immune disease such as SLE, or a primary hematologic-oncologic 
disorder, such as idiopathic thrombocytopenic purpura or leukemia 
associated with an intercurrent infection; such patients should be 
evaluated for these disorders. Patients with eosinophilia and elevated 
transaminases may have DRESS. 

Several serious diseases present with features that resemble benign 
processes; it is crucial to distinguish these as early in the clinical course 
as possible so definitive treatment can be given (Table 40.6). 


Clinical Syndromes 


In certain instances, the diagnostic approach to disorders manifesting 
with fever and rash is wholly dependent on an aggregation of nonspe- 
cific signs, symptoms, and laboratory results. These disorders either 
have many underlying causes manifesting with overlapping features or 
have unknown causes for which no confirmatory tests have yet been 
devised. These diseases are diagnosed by recognizing patterns and 
sometimes by excluding other diagnoses; some are based on formalized 
aggregation, termed syndromic diagnosis. Although syndromic diagno- 
sis is based on explicit clinical criteria, some of the clusters of signs, 
symptoms, and laboratory findings were established originally for epi- 
demiologic purposes (case definition) to facilitate exploration of an 
underlying cause. As such, although they are usually quite specific, 
these criteria may be less sensitive when they are applied in the acute 
care setting for the purposes of clinical diagnosis. 


Kawasaki Disease 


KD is a medium-vessel vasculitis of childhood with a predilection for 
the coronary arteries. It is the 2nd most common vasculitis of child- 
hood after HSP, and it is the most common cause of acquired heart 
disease in children in the United States. Etiology is unknown, but 
epidemiologic studies support an infectious trigger. A genetic role is 
suspected given the 10- to 20-fold increased incidence in Japan as 
compared to the United States and United Kingdom. Genetic linkage 
studies and genome-wide association studies have demonstrated asso- 
ciations between polymorphisms in the ITPKC gene, a T cell regulator, 
and FCGR2A, an immunoglobulin (Ig)G receptor, with increased 
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susceptibility to KD. The majority (75-85%) of affected children are 
less than 5 years old, and infants aged <6 months and children over 5 
years old are at the highest risk for coronary artery aneurysms. 

The fever of KD is usually high and unremitting; patients are often 
irritable and ill-appearing. Rash is seen in more than 80% of patients 
with KD and is polymorphic. It is often morbilliform, but may also be 
erythema multiforme-like (fixed erythematous target lesions [see Fig. 
40.10]), urticarial, scarlatiniform, or pustular. Erythema and early des- 
quamation (within 48 hours) of the perineum is common. Vesicu- 
lobullous lesions and petechiae are unusual. 

Diagnosis is made on clinical grounds (Table 40.7 and Figs. 40.10 
to 40.15). Fewer than 75% of patients meet the classic complete criteria 
at presentation; diagnosis of incomplete KD may be made with less 
than 4 criteria with the addition of laboratory and echocardiographic 
criteria (Fig. 40.16). Application of this algorithm increases sensitivity 
for KD to 97%. Early diagnosis is crucial to decrease the risk of coro- 
nary artery aneurysms, which decreases to less than 5% in promptly 
treated patients. 


Toxic Shock Syndrome 


TSS is a life-threatening illness caused by superantigen-producing 
strains of group A streptococcus and S. aureus. The syndrome is 
defined by fever, diffuse macular erythroderma with convalescent des- 
quamation, hypotension, mucositis, strawberry tongue, and multior- 
gan dysfunction. While menstrual staphylococcal TSS classically affects 
menstruating teenage girls secondary to vaginal colonization with 
toxic shock syndrome toxin 1 (TSST-1) producing strains of S. aureus, 
streptococcal TSS is usually associated with obvious severe cutaneous 
infection. Diagnostic criteria are slightly different for each syndrome. 


Staphylococcal Toxic Shock Syndrome 


Laboratory criteria for diagnosis include negative results on the fol- 

lowing tests, if obtained: blood or cerebrospinal fluid cultures (blood 

culture may be positive for S. aureus) and serologies for Rocky Moun- 

tain spotted fever, leptospirosis, or measles. A probable case meets the 

laboratory criteria and 4 of 5 clinical criteria and a confirmed case 

meets the laboratory and all 5 clinical criteria: 

Fever: temperature greater than or equal to 102°F (greater than or 
equal to 38.9°C) 

Rash: diffuse macular erythroderma 

Desquamation: 1-2 weeks after onset of rash 

Hypotension: systolic blood pressure less than or equal to 90 mm Hg 
for adults or less than 5th percentile by age for children aged less 
than 16 years 
Multisystem involvement (3 or more of the following organ 

systems): 

1. Gastrointestinal: vomiting or diarrhea at the onset of illness 

2. Muscular: severe myalgia or creatine phosphokinase level at least 
twice the upper limit of normal 

3. Mucous membrane: vaginal, oropharyngeal, or conjunctival 
hyperemia 

4. Renal: blood urea nitrogen or creatinine at least twice the upper 
limit of normal for laboratory or urinary sediment with pyuria 
(greater than or equal to 5 leukocytes/high-power field) in the 
absence of urinary tract infection 

5. Hepatic: total bilirubin, alanine aminotransferase enzyme, or 
aspartate aminotransferase enzyme levels at least twice the upper 
limit of normal for laboratory 

6. Hematologic: platelets less than 100,000/mm° 

7. Central nervous system: disorientation or alterations in conscious- 
ness without focal neurologic signs when fever and hypotension are 
absent 
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TABLE 40.6 Potentially Life-Threatening Conditions with Initial Skin Findings That Can Mimic 


a More Common Benign Disorder 


Potentially Life- 
Threatening Condition 


DRESS/DIHS* 


Benign Disorder That Is 
Mimicked Early in the Course 


Morbilliform/urticarial drug eruption > viral 


exanthem 


Stevens—Johnson syndrome/ Morbilliform/urticarial drug eruption > viral 
toxic epidermal necrolysis exanthem 


RMSF/other rickettsial 
spotted fevers 


Viral exanthem 


Meningococcemia Viral exanthem 


Kawasaki disease Viral exanthem, morbilliform/urticarial drug 
eruption, erythema multiforme, “diaper 


dermatitis” (for early perineal eruption) 


Staphylococcal scalded skin seborrheic dermatitis, viral exanthem 


syndrome 
Scarlatiniform exanthem 


Toxic shock syndrome 


Necrotizing fasciitis Cellulitis 


Clues to the Diagnosis as the Condition Evolves 


e Facial swelling 

e High fever 

e Prominent lymphadenopathy 

e Marked peripheral blood eosinophilia, atypical lymphocytes 

e Elevated transaminases, other signs of internal organ involvement 


e Early involvement of palms and soles 

e Duskiness of blistering (often initially in the center of lesions) 
e Painful/tender skin 

e Mucosal erosions (oral, nasal, ocular, genital) 


e Potential exposure to ticks (e.g., season [spring to late summer for 
RMSF], geographic location) 

e High fever, myalgias, headache (often for 2—5 days prior to rash) 

e Rash begins on wrists/ankles, spreads centripetally (+ palms/soles) 

e Petechiae within erythematous macules/papules 


e Petechiae — retiform purpura 
e Fever with chills, myalgias 
e Headache, stiff neck 


e Early perineal erythema — desquamation 

e Conjunctival injection 

e “Chapped” lips, “strawberry” tongue 

e Acral erythema and edema 

e Continued high-spiking fever >5 days 

e Prominent unilateral lymphadenopathy 

e Painful/tender skin 

e Periorifacial (around mouth and eyes) edema and (later) radial 
scale-crusts 

e Confluent erythema — superficial erosions/peeling, especially in 
intertriginous sites 


e Strawberry tongue 
e Mucositis 

e Rapid evolution 

e Hypotension 


e Tense, “woody” induration 

e Extreme pain or (later) anesthesia 
e Rapid evolution 

e Erythema — dusky gray color 

e Watery, malodorous discharge 


*In general, begins =2 wk after the drug is initiated and has a relatively limited set of culprit medications. 
DIHS, drug-induced hypersensitivity syndrome; DRESS, drug reaction with eosinophilia and systemic symptoms; RMSF, Rocky Mountain 


spotted fever. 


Modified from Bolognia J, Schaffer JV, Duncan KO, Ko CJ. Fever and rash. In: Bolognia J, Schaffer JV, Duncan KO, Ko CJ, eds. Dermatology 


Essentials. Oxford: Saunders; 2014:35. Table 3.1. 


Streptococcal Toxic Shock Syndrome 


Confirmed case: isolation of group A streptococci from a normally 
sterile site (blood, cerebrospinal, pleural, or peritoneal fluid, tissue 
biopsy, surgical wound); or 

Probable case: isolation of group A streptococci from a nonsterile site 
(throat, sputum, vagina, superficial skin lesion), and 

Clinical signs of severity: 

1. Hypotension: systolic blood pressure < 90 mm Hg in adults or 
below 5th percentile for age in children, and 

2. Two or more of the following signs: 


Renal impairment: creatinine 2177 umol/L (22 mg/dL) for 
adults or >2 times the upper limit of normal for age; in patients 
with preexisting renal disease, a 2-fold or greater elevation over 
the baseline level 

Coagulopathy: platelets <100 x 10°/L (<100,000/mm’) or DIC 
defined by prolonged clotting times, low fibrinogen level, and 
the presence of fibrin degradation products 

Liver involvement: serum aspartate aminotransferase, alanine 
aminotransferase, or total bilirubin levels greater than or equal 
to 2 times the upper limit of normal for age; in patients with 
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TABLE 40.7 Clinical and Laboratory Features of Kawasaki Disease 


Epidemiologic Case Definition (Classic Clinical Criteria)* 
Fever persisting at least 5 days’ and 
Presence of at least 4 principal features: 
Changes in extremities: 
e Acute: Erythema of palms, soles; edema of hands, feet 
e Subacute: Periungual peeling of fingers, toes in 2 and 3 wk 
Polymorphous exanthem 
Bilateral bulbar conjunctival injection without exudate 
Changes in lips and oral cavity: erythema, lip cracking, strawberry tongue, 
diffuse injection of oral and pharyngeal mucosa 
Cervical lymphadenopathy (>1.5 cm in diameter), usually unilateral 
Exclusion of other diseases with similar findings 


Other Clinical and Laboratory Findings 
Cardiovascular findings: 
Congestive heart failure, myocarditis, pericarditis, valvular regurgitation 
Coronary artery abnormalities 
Aneurysms of medium-size noncoronary arteries 
Raynaud phenomenon 
Peripheral gangrene 
Musculoskeletal system: 
Arthritis, arthralgias 
Gastrointestinal tract: 
Diarrhea, vomiting, abdominal pain 
Hepatic dysfunction 
Hydrops of gallbladder 


Central nervous system: 
Extreme Irritability 
Aseptic meningitis 
sensorineural hearing loss 
Genitourinary system: 
Urethritis/meatitis 
Other findings: 
Erythema, induration at bacille Calmette-Guérin inoculation site 
Anterior uveitis (mild) 
Desquamating rash in groin 


Laboratory Findings in Acute Kawasaki Disease 
Leukocytosis with neutrophilia and immature forms 
Elevated erythrocyte sedimentation rate 

Elevated C-reactive protein 

Anemia 

Abnormal plasma lipids 

Hypoalbuminemia 

Hyponatremia 

Thrombocytosis after 1 wk’ 

Sterile pyuria 

Elevated serum transaminases 

Elevated serum gamma-glutamyl transpeptidase 
Pleocytosis of cerebrospinal fluid 

Leukocytosis in synovial fluid 


*Patients with fever for at least 5 days and <4 principal criteria can be diagnosed with Kawasaki disease when coronary artery abnormalities are 


detected by 2-dimensional echocardiography or angiography. 


"In the presence of >4 principal criteria, Kawasaki disease diagnosis can be made on day 4 of illness. Experienced clinicians who have treated 
many patients with Kawasaki disease may establish diagnosis before day 4. 

*Some infants present with thrombocytopenia and disseminated intravascular coagulation. 

From Newburger JW, Takahashi M, Gerber MA, et al. Diagnosis, treatment, and long-term management of Kawasaki disease. Pediatrics. 


2004;114:1 708-1733. 


FIGURE 40.10 Erythema multiforme in a child with Kawasaki disease. 
(From Paller AS, Mancini AJ. Hurwitz Clinical Pediatric Dermatology. 
5th ed. Philadelphia: Elsevier; 2016.) 
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FIGURE 40.11 Kawasaki disease. Note characteristic facies with con- 
gestion of the bulbar conjunctivae and hemorrhagic crusts and erosions 
of the lips. (Courtesy Tomisaku Kawasaki, MD.) 
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FIGURE 40.12 Indurative edema of the hands in Kawasaki disease. 
(From Kliegman RM, Stanton BF, St Geme JW Ill, et al, eds. Nelson 
Textbook of Pediatrics. 20th ed. Philadelphia: Elsevier; 2016.) 


FIGURE 40.13 Desquamation of the fingers in a patient with Kawasaki 
disease, convalescent stage. (From Kliegman RM, Stanton BF, St Geme 
JW Ill, et al, eds. Nelson Textbook of Pediatrics. 20th ed. Philadelphia: 
Elsevier; 2016.) 


preexisting liver disease, a 2-fold or greater elevation over the 
baseline level 

° Acute respiratory distress syndrome defined by acute onset of 
diffuse pulmonary infiltrates and hypoxemia in the absence of 
cardiac failure, or evidence of diffuse capillary leak manifested 
by acute onset of generalized edema, or pleural or peritoneal 
effusions with hypoalbuminemia 

° A generalized erythematous macular rash that may desquamate 

° Soft tissue necrosis, including necrotizing fasciitis or myositis, 
or gangrene 


Erythema Multiforme 


Erythema multiforme (EM) is a self-limited immune reaction that 
occurs in the setting of infection. It is characterized by the abrupt onset 
of fixed erythematous papules that evolve into target lesions (see Fig. 
40.10). It was previously thought to be related to SJS, but it is now clear 
that EM is a distinct disease. The basic lesions are round macular 
targets symmetrically distributed especially over the palms, soles, and 
extensor surfaces of the extremities. EM is typically associated with 
infection, most often HSV. M. pneumoniae has also been associated 
with EM. Drugs and systemic disease are rare causes of EM. 


Stevens—Johnson Syndrome, Toxic Epidermal Necrolysis, 
and Staphylococcal Scalded Skin Syndrome 

SJS and TEN are rare, life-threatening mucocutaneous exfoliative der- 
matoses that are usually drug related. They are thought to be associated 


FIGURE 40.14 Beau lines, a horizontal groove on the nails of a patient 
with Kawasaki disease, convalescent stage. (From Paller AS, Mancini 
AJ. Hurwitz Clinical Pediatric Dermatology. bth ed. Philadelphia: Else- 
vier; 2016.) 


FIGURE 40.15 A scarlet fever—-like rash in a child with Kawasaki 
disease. (From Habif TP. Clinical Dermatology. 6th ed. Philadelphia: 
Elsevier; 2016.) 


with an immune response to an antigenic complex formed by the 
reaction of intermediate drug metabolites with host tissues. Several 
drug-related HLA alleles have been found to increase susceptibility 
for the development of SJS and TEN. SJS and TEN are characterized 
by diffuse cutaneous erythema and full-thickness necrosis of the epi- 
dermis with detachment of the skin at the dermal-epidermal junction. 
They differ in the percentage of involved total body surface area (BSA); 
SJS involves <10% BSA, SJS/TEN overlap involves between 10% and 
30% BSA, and TEN involves 230% BSA. They are usually associated 
with exposure to drugs and differ histopathologically from SSSS, which 
also manifests clinically with diffuse erythema and blistering, in its 
cleavage plane. In SSSS, blistering is produced more superficially by 
disruption of the epidermal granular cell layer in response to 1 of 2 
staphylococcal exfoliative toxins (ET-A or ET-B). This results in easy 
disruption of skin with firm rubbing (Nikolsky sign). SSSS is usually 
seen in infants and young children, whereas SJS and TEN are seen 
in older children. The key feature that distinguishes SJS and TEN is 
the presence of blistering lesions which may involve the lips, eyes, 
nasal mucosa, genitalia, or rectum (Figs. 40.17 and 40.18). Extensive 
ocular involvement, including corneal ulceration, uveitis, and panoph- 
thalmitis, may develop. Pulmonary and renal involvement have also 
been reported. Representative medications frequently associated with 
SJS and TEN include aminopenicillins, carbamazepine, phenytoin, 
trimethoprim-sulfamethoxazole, and nonsteroidal antiinflammatory 
medications. Prognosis is related to the speed with which the culprit 
medication is withdrawn, so a timely diagnosis is critical. 
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Evaluation of Suspected Incomplete Kawasaki Disease (KD)! 
Fever = 5 days and 2 or 3 clinical criteria? 


Assess patient characteristics® 


Persistent 
fever 


Inconsistent 
with KD 


Consistent 
with KD 


Assess laboratory tests 


CRP <3.0 mg/dL 
and ESR <40 mm/hr 


Follow daily 


KD unlikely 


CRP =3.0 mg/dL 
and/or ESR =40 mm/hr 


<3 Supplemental =3 Supplemental 
laboratory criteria* laboratory criteria 


for 2 days resolves Treat and 
No | Typical 
peeling | peeling® 


Fever | Fever 
persists | abates 


KD unlikely 


Repeat Echo 
Consult 


KD expert 


FIGURE 40.16 Algorithm for evaluation of suspected incomplete Kawasaki disease (KD). (1) In the absence 
of a gold standard for diagnosis, this algorithm cannot be evidence based, but rather represents the informed 
opinion of an expert committee. Consultation with an expert should be sought anytime assistance Is needed. 
(2) Infants <6 months old on day 7 of fever or later without other explanation should undergo laboratory 
testing and, if evidence of systemic inflammation is found, given an echocardiogram (Echo), even if they 
have no clinical criteria. (3) Characteristics suggesting disease other than KD include exudative conjunctivitis, 
exudative pharyngitis, discrete intraoral lesions, bullous or vesicular rash, and generalized adenopathy. Con- 
sider alternative diagnoses. (4) Supplemental laboratory criteria include albumin <3.0 g/dL, anemia for age, 
elevation of alanine aminotransferase, platelet count after 7 days 2450,000/mm%, white blood cell count 
>15,000/mm°š, and urine white blood cell count =10/high-power field. (5) Can treat before performing echo- 
cardiogram. (6) Echocardiogram findings are considered positive (Echo+) for purposes of this algorithm if any 
of 3 conditions are met: z-score of the left anterior descending coronary artery (LAD) or right coronary artery 
(RCA) 22.5; coronary arteries meet Japanese Ministry of Health criteria for aneurysms; 23 other suggestive 
features exist, including perivascular brightness, lack of tapering, decreased left ventricle (LV) function, mitral 
regurgitation, pericardial effusion, or z-scores in LAD or RCA of 2-2.5. (7) If echocardiogram findings are 
positive, treatment should be given to children within 10 days of fever onset and to those beyond day 10 
with clinical and laboratory signs (C-reactive protein [CRP], erythrocyte sedimentation rate [ESR]) of ongoing 
inflammation. (8) Typical peeling begins under nail beds of fingers and then toes. Echo-, negative echocar- 
diogram findings; f/u, follow-up. (From Newburger JW, Takahashi M, Gerber MA, et al. Diagnosis, treatment, 
and long-term management of Kawasaki disease. Pediatrics. 2004;114:1708-1733; Son MBF. Kawasaki 
disease. In: Nelson Textbook of Pediatrics. Philadelphia: Elsevier; 2016:1209.e1-1214.e1, Chapter 166.) 


serum sickness-like reaction is morbilliform or large fixed serpiginous 


Serum Sickness and Serum Sickness-Like Reaction and cyclic urticarial plaques; it can be confused with other circular 


Serum sickness is a systemic hypersensitivity condition resulting from 
immune complex deposition in tissue and blood vessels that causes 
tissue damage through complement activation. It is classically associ- 
ated with the administration of animal serum proteins, but the avail- 
ability of alternative therapies, including monoclonal antibodies of 
human origin, has decreased the incidence of true serum sickness. A 
serum sickness-like reaction can be triggered by antibiotics or other 
drugs (particularly cefaclor, penicillins, sulfonamides, phenytoin, car- 
bamazepine) and presents 1-2 weeks after exposure. Symptoms include 
fever, rash, arthralgia or arthritis, and lymphadenopathy. The rash of 


rashes such as giant urticaria and EM (Fig. 40.19). Serum sickness-like 
reactions do not exhibit the hypocomplementemia, vasculitis, circulat- 
ing immune complexes, and renal lesions that are seen in serum sick- 
ness. Critical to making the diagnosis is identification of exposure to 
a drug in the preceding 1-2 weeks. A watchful waiting approach may 
support the diagnosis, inasmuch as the syndrome should resolve 
within approximately 4 weeks if exposure to the purported offending 
agent has been curtailed. Persistence of findings beyond this period 
indicates another disorder associated with immune complex—mediated 
vasculitis. 
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Henoch-Schonlein Purpura 

HSP is usually a self-limited IgA-mediated vasculitis representing the 
most common vasculitis of childhood. It affects vessels in the skin, 
joints, gastrointestinal tract, and kidneys. The clinical manifestations 
include a rash, which initially is urticarial and then frequently evolves 
into a maculopapular eruption; after this eruption, petechiae and then 
purpuric plaques distributed predominantly on the buttocks and over 
the lower extremities develop (Fig. 40.20). These plaques usually are 
raised from the skin surface, which gives the rash its characteristic 
feature of “palpable purpura.” Associated findings that are variably 
present include arthralgias and arthritis; edema of the feet, hands, face, 
scrotum, and scalp; melena, which may accompany intussusception; 
and an abnormal urinalysis that demonstrates hematuria and protein- 
uria. Fever, if present, is low grade and not a dominant feature of HSP. 
Laboratory testing is not necessary but can be of use to the clinician 
in excluding the infectious or hematologic causes of purpura if the 
patient does not present with classic features. Specifically, the results 
of both the platelet count and the coagulation profile are normal, and 
blood cultures are sterile. A Gram stain of the lesion is not usually 


FIGURE 40.17 Stevens-Johnson syndrome. Mucous membrane 
involvement with severe swelling and hemorrhagic crusting of the lips. 
(From Paller AS, Mancini AJ. Hurwitz Clinical Pediatric Dermatology. 
5th ed. Philadelphia: Elsevier; 2016.) 


FIGURE 40.19 Urticaria and serum sickness-like 
reaction. A, Giant annular urticaria (urticaria “multi- 
forme”) in a young child with a recent viral upper 
respiratory tract infection. Individual lesions last <24 
hours, but they often resolve with a dusky purplish 
hue that can lead to misdiagnosis as erythema 
multiforme. B, Serum sickness-like reaction due to 
amoxicillin. Some of the urticarial papules and annular 
plaques have a purpuric component, and the eruption 
was accompanied by high fevers, lymphadenopathy, 
arthralgias, and acral edema. (From Schaffer JV. 
Fever and rash. In: Bolognia JL, ed. Dermatology 
Essentials. Philadelphia: Elsevier; 2014;3:28-38.) 


needed, but the results are negative. Skin biopsy demonstrates the 
characteristic leukocytoclastic vasculitis involving the vessels in the 
dermis with IgA deposition. This finding is not specific for HSP, nor 
is it required for clinical confirmation. 

Other Disorders 

The diagnosis of other disorders manifesting with fever and rash is also 
based on formal syndromic criteria. SJIA (see Chapter 33), acute rheu- 
matic fever (see Chapter 8), hemophagocytic lymphohistiocytosis (see 
Chapter 41), and SLE are examples. Representative diagnoses usually 
necessitating tissue confirmation are sarcoidosis and other vasculitides, 
such as polyarteritis nodosa or Wegener granulomatosis. 


@ Management 


Treatment of patients with fever and rash includes both anticipatory 
guidance and specific interventions. Anticipatory guidance alone 
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FIGURE 40.18 Stevens-Johnson syndrome. Confluent erythema, blis- 
ters, and exfoliation of the epidermis are present. (From Hurwitz S. 
Clinical Pediatric Dermatology: A Textbook of Skin Disorders of Child- 
hood and Adolescence. 2nd ed. Philadelphia: WB Saunders; 1993:528.) 


FIGURE 40.20 Henoch-Schonlein purpura (anaphylactoid purpura). 
Hemorrhagic macules, papules, and urticarial lesions appear in a sym- 
metric distribution over the buttock. (From Kliegman RM, Stanton BF, 
St Geme JW Ill, et al, eds. Nelson Textbook of Pediatrics. 20th ed. 
Philadelphia: Elsevier; 2016:Fig. 167-2.) 


usually suffices for patients who have a clearly identifiable, acute, self- 
limited, and noninvasive infectious or hypersensitivity disorder. 
Parents should be informed of the probable duration of illness, the 
expected evolution of clinical manifestations, potential complications 
and how to recognize them, and when to recontact the physician (see 
Tables 40.4 and 40.5). 

The use of antipyretics as supportive therapy for patients with fever 
remains controversial. Arguments in favor of such therapy include 
decreasing symptomatic discomfort associated with the febrile state 
and reducing the undesirable metabolic and cardiopulmonary effects. 
Inadvertent overdose or unwanted side effects of over-the-counter 
antipyretics argue against their routine use. 
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Empirical therapy with antibiotics is an appropriate strategy for 
patients with focal cutaneous infection, such as cellulitis and erythema 
migrans, for patients with petechial or purpuric rash who are thought 
to have invasive infectious disorders, or for patients who appear toxic 
or manifest signs of cardiovascular instability. If epidemiologic evi- 
dence or clinical features are suggestive of rickettsial infection, the 
antimicrobial regimen should include doxycycline, even for children 
younger than 8 years. Suspected neonatal HSV infection should be 
treated with parenteral acyclovir. 

Patients for whom a diagnosis is established by pattern recognition, 
case finding, syndromic aggregation, biopsy, or exclusion of other dis- 
orders may receive definitive interventions, as available, if the treat- 
ment benefits outweigh the risks. SSSS should be treated with an 
intravenous antistaphylococcal antibiotic. Staphylococcal TSS should 
be treated by removing vaginal foreign material if present, and admin- 
istering intravenous vancomycin; toxin and cytokine production 
should be curtailed with a bacterial protein synthesis inhibitor such as 
clindamycin. If methicillin-sensitive S. aureus is confirmed by vaginal 
culture, an antistaphylococcal penicillin plus clindamycin is appropri- 
ate. Streptococcal TSS should be treated with surgical debridement 
if indicated, and parenteral penicillin and clindamycin. Intravenous 
immune globulin (IVIG) may be used as adjunctive therapy for 
streptococcal TSS to neutralize bacterial exotoxins. Treatment of acute 
rheumatic fever is directed at group A streptococcus with treatment- 
dose penicillin followed by prophylactic doses of penicillin to decrease 
the risk of recurrent rheumatic fever. Diseases caused by drug toxicity 
are treated by discontinuing the offending medication. SJS and TEN 
are treated with supportive care, often in a burn center, meticulous skin 
care, and IVIG. 

Infections with HSV or varicella-zoster virus may be treated with 
oral or intravenous acyclovir. Intravenous therapy is particularly 
appropriate for immunocompromised patients. The benefits of acyclo- 
vir therapy for HSV or varicella-zoster virus in immunocompetent 
hosts are less clear. 

Pharmacologic interventions in the systemic inflammatory disor- 
ders include antiinflammatory agents, such as the nonsteroidal agents, 
and corticosteroids and immunosuppressant or modulating agents. 
Administration of IVIG is a definitive intervention in all patients with 
KD to reduce coronary aneurysm formation. The most effective treat- 
ment regimen for patients with KD of less than 10 days’ duration is 1 
dose of IVIG (2 g/kg) given over 12 hours with adjunctive aspirin 
therapy for at least 6-8 weeks to prevent thrombotic complications. 
Because 10% of patients may have persistent fever (>48 hours) or 
recrudescence of fever after the 1-dose IVIG regimen, repeated treat- 
ment with IVIG is often necessary. Treatment of IVIG nonresponders 
is more controversial and may consist of corticosteroids, infliximab, or 
other immunosuppressant agents. 


Most childhood episodes of fever and rash represent benign, self- 
limited viral illnesses with little or no sequelae. Diseases with poten- 
tially significant sequelae, such as meningococcemia, Rocky Mountain 
spotted fever, acute rheumatic fever, KD, SJS, DRESS, TSS, and SSSS 
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require efficient evaluation and timely treatment. Red flags include 
toxic appearance, unstable vital signs, meningismus, or fever with pete- 
chiae or purpura. 
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Recurrent Fever, Infections, Immune Disorders, 
and Autointlammatory Diseases 


James W. Verbsky and John R. Routes 


The immune system functions to prevent and retard the local estab- 
lishment or systemic dissemination of bacteria, viruses, fungi, and 
protozoa. Furthermore, it must accomplish this task without excessive 
inflammation or the development of autoimmunity. The immune 
system has four primary components: 

1. Antibody-mediated immunity (humoral or B cell immunity) is 
mediated by bone marrow-derived B lymphocytes and plasma cells 
(differentiated antibody-producing cells), which release antibodies 
(immunoglobulins) into secretions, plasma, and interstitial spaces. 
Antibodies work to opsonize and promote phagocytosis of organ- 
isms, neutralize toxins, and lyse pathogens (with the aid of 
complements). 

2. Cell-mediated immunity (T cell immunity) is mediated by 
thymus-derived T lymphocytes (i.e., CD4 and CD8 T cells) that are 
activated by antigen-presenting cells (e.g., dendritic cells, macro- 
phages) and antigens. Although T cells do not produce immuno- 
globulin, CD4 T cells are necessary for optimal B cell function. CD4 
T cells also express cytokines that activate phagocytes to efficiently 
clear intracellular pathogens. CD8 T cells lyse virally infected cells. 

3. The phagocytic system consists of tissue macrophages and den- 
dritic cells, as well as blood-borne monocytes and neutrophils. In 
response to specific signals, phagocytes ingest and kill invading 
microorganisms. Dendritic cells also serve as antigen-presenting 
cells for T cells. 

4. The complement system acts synergistically with antibodies and 
the remainder of the immune system to help clear microbial infec- 
tions both directly (complement-mediated cytolysis) and indirectly 
(recruitment of phagocytic cells, opsonization of microbes). 

The differential diagnosis for patients with recurrent infections is 
formidable in view of the complexity of the immune system. The dif- 
ferent arms of the immune system are interconnected, thus similar 
infections may occur as a manifestation of phagocyte, humoral, cell- 
mediated, or complement disorders that can be inherited or acquired 
(Table 41.1). Alternatively, highly characteristic infections can point to 
a defect in a particular arm of the immune system (‘Table 41.2). Most 
patients with recurrent infections do not have an underlying identifi- 
able primary immunodeficiency, but they frequently have allergic rhi- 
nitis, asthma, or other risks for recurrent infections (Table 41.3). 
Because of the low probability of identifying a discrete immune defect, 
the primary physician faces the difficult decision about the extent of 
the evaluation and which patients merit a complete evaluation. In 
addition, other genetic defects in the immune system result in recur- 
rent episodes of spontaneous inflammation (i.e., autoinflammatory 
disorders), or immune dysregulation and autoimmunity, and these 
can often be mistaken as recurrent infections. 

Although there are no established rules regarding immunologic 
work-up of a patient with infections, an evaluation should be consid- 
ered for at least 1 of the following: (1) more than 2 systemic bacterial 
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infections (sepsis, meningitis, osteomyelitis); (2) 2 or more serious 
respiratory infections (pneumonia, sinusitis) or bacterial infections 
(cellulitis, draining otitis media, lymphadenitis) per year; (3) the pres- 
ence of an infection at an unusual site (hepatic or brain abscess); (4) 
infections with unusual pathogens (Aspergillus pneumonia, dissemi- 
nated candidiasis, or infection with Serratia marcescens, Nocardia 
species, or Burkholderia cepacia); (5) infections of unusual severity; 
and (6) recurrent mycobacterial infections or invasive infections with 
atypical mycobacteria. 


HISTORY AND PHYSICAL EXAMINATION 
$ History 


The clinician must determine (1) the frequency, location, severity, and 
complications of the infections; (2) the accuracy of how infections 
were documented; (3) the presence or absence of a symptom-free 
interval; (4) the microbiologic features of any isolate; and (5) the 
response to antibiotic therapy. A single chronic infection may wax and 
wane with intermittent, inadequate treatment and may manifest as a 
series of infections. Furthermore, a detailed history can elucidate other 
risk factors for recurrent infections. Many nonimmune disorders are 
characterized by an increased susceptibility to infection that must also 
be considered (see Table 41.3). A detailed history can provide clues 
as to the likelihood and nature of a primary immune deficiency 
(Table 41.4). 


Perinatal History 


The clinician should determine if there was exposure to maternal viral 
infection during gestation (human immunodeficiency virus [HIV], 
cytomegalovirus (CMV), herpes simplex virus, rubella), or a history 
of prematurity, blood transfusions, respiratory distress syndrome 
(with bronchopulmonary dysplasia), or other pertinent neonatal ill- 
nesses. Infants previously placed on ventilators may develop chronic 
obstructive lung disease (bronchopulmonary dysplasia), predisposing 
them to recurrent pulmonary infections. Most perinatal HIV infec- 
tions are seen in children whose mother or mother’s partner has 
engaged in high-risk behavior (i.e., multiple sex partners or use of 
cocaine or intravenous drugs). Attention should be paid to the time of 
umbilical cord separation since infants with a history of delayed umbil- 
ical cord separation and recurrent episodes of sepsis or pneumonia 
should be evaluated for leukocyte adhesion deficiency. 


Medical History 


A variety of nonimmune medical issues can result in recurrent 
infections (see Table 41.3). Approximately 30% of children with 
recurrent sinopulmonary symptoms can be categorized as atopic 
(allergic on a hereditary basis). These subjects have normal growth 
and development, and episodes of recurrent illness may be afebrile, 


TABLE 41.1 


Disorder 
Primary Immunodeficiencies 
Humoral immunodeficiency 
syndromes [predominantly 
B cell defects) 
Cellular Immunodeficiency 
syndromes [predominantly 
T cell defects) 


Complement Deficiencies 
CCZ Co C4. and facterB 


C5-C8 and properdin deficiencies 


Phagocyte Defects 
Neutropenia (ANC < 500/mm°) 


Chronic granulomatous disease 


Secondary Immunodeficiencies 


AIDS 
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Cause and Mechanism of Recurrent Infection in Immunodeficiency States 


Pathogen 


Bacterial pathogens, enteroviruses 


CMV, VZV, Strongyloides stercoralis; Mycobacterium, 
Listeria, Nocardia; Cryptococcus, Candida species; 
Pneumocystis carinil 


Streptococcus pyogenes, Streptococcus pneumoniae, 
Staphylococcus aureus, Haemophilus influenzae, 
Klebsiella species 


Neisseria meningitidis, Neisseria gonorrhoeae 


Pyogenic bacteria or fungi, Pseudomonas species, 
Staphylococcus aureus 

Catalase-positive organisms, e.g., S. aureus, Serratia 
species, Burkholderia cepacia, Nocardia species, 
Candida species, Aspergillus species 


CMV, VZV, adenovirus, HBV, Giardia lamblia, Entamoeba 
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Deficiency 


Reduced phagocytic efficiency, failure of lysis and 
agglutination of bacteria, inadequate neutralization of 
virus and bacterial toxins 


Absence of or impaired delayed hypersensitivity 
response; absence of T cell cooperation for B cell 
synthesis of antibodies to T cell-specific antigens; 
absence of T cell cytokines that activate mononuclear 
phagocytes, failure of T cell clearance of viruses 


Defective chemotaxis and opsonization of microbes 


Defective membrane attack mechanism 


Decreased neutrophil numbers 


Impaired neutrophil bactericidal activity secondary to 
impaired production of hydrogen peroxide 


histolytica, Mycobacterium avium-intracellulare, 


Retrovirus infections transmitted by bodily fluid impair T 
cell response, reduced T helper cell numbers 


Toxoplasma gondii, Mycobacterium tuberculosis, 
Cryptococcus neoformans, Pneumocystis jirovecii; 
Campylobacter, Candida, Isospora, Aspergillus, 
Nocardia, Strongyloides, and Cryptosporidium species 


Cancer 


VZV, HSV, Escherichia coli; Pseudomonas, Klebsiella, 


Neutropenia, lymphopenia, impaired cellular immunity 


Listeria, Cryptococcus, Pneumocystis, and 


Mycobacterium species 
Immunosuppression 


HSV, VZV, CMV, EBV, hepatitis virus, Pseudomonas 
species, E. coli; Klebsiella, Acinetobacter, Serratia, 


Dependent on agent used, leads often to impaired 
cellular immunity and neutropenia, lymphopenia 


Candida, Aspergillus, Mucor, and Cryptococcus species 


Transplantation 


CMV, HSV, VZV, hepatitis virus, S. aureus; Pseudomonas, 


Related to use of immunosuppressive agents 


Klebsiella, Candida, Aspergillus, Nocardia, and 


Pneumocystis species; EBV 
Malnutrition 


Measles, HSV, VZV, Mycobacterium species 


Impaired T cell function, reduction in complement 
activity 


AIDS, acquired immunodeficiency syndrome; ANC, absolute neutrophil count; CMV, cytomegalovirus; EBV, Epstein-Barr virus; HBV, hepatitis B 


virus; HSV, herpes simplex virus; VZV, varicella-zoster virus. 


respond poorly to antibiotics, and be accompanied by upper respi- 
ratory symptoms such as coughing, sneezing, or wheezing. There 
may be a family history of atopic disease, and the patient’s past 
medical history may include episodic wheezing, protracted cough 
after upper respiratory tract infection (URI) hay fever, allergies to 
foods, or eczema. The physical examination of allergic school-aged 
children may reveal typical characteristics including the following: 
dark circles under the eyes; open mouth with dry lips; coated tongue; 
evidence of nasal obstruction; transverse nasal crease; boggy, pale 
nasal mucosa; mucus in the pharynx; posterior pharyngeal “cobble- 
stoning’; and postnasal drip. 

Malnutrition and specific vitamin deficiencies may alter immune 
cell function. Protein-losing states due to gastrointestinal (e.g., 


inflammatory bowel disease, protein-losing enteropathy) or renal 
disease (e.g., nephrotic syndrome) may lead to hypocomplementemia, 
hypogammaglobulinemia, and recurrent infections. Chronic treat- 
ment with corticosteroids and other immunosuppressants can result 
in acquired immunodeficiency and recurrent infections. 


Anatomic Abnormalities 


Recurrent infections in primary immune deficiencies typically affect 
different anatomic locations. Structural or anatomic defects often 
result in recurrent infections that are generally localized to the affected 
organ system. Approximately 10% of children with recurrent infec- 
tions have an underlying chronic disease or a structural defect that 
predisposes them to recurrent infections (see Table 41.3). 
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TABLE 41.2 Characteristic Pathogens Affecting Immunocompromised Patients 


I. Humoral Defects 
A. Antibody Deficiency (B Cell Defects) 
1. Bacteria 
Staphylococcus aureus (sepsis, sinopulmonary infection) 
Haemophilus influenzae (sepsis, meningitis, arthritis, sinopulmonary 
infection) 
Streptococcus pneumoniae (sepsis, meningitis, arthritis) 
Pseudomonas aeruginosa (sepsis, pneumonia) 
Mycoplasma species (arthritis, pneumonia) 
Salmonella species (enteritis) 
Campylobacter species (enteritis) 
. Viruses 
Enterovirus, including polio vaccine (encephalitis, paralysis, myositis, 
arthritis) 
Rotavirus (enteritis) 
3. Protozoa 
Giardia lamblia (enteritis) 
B. Complement Deficiencies 
J C2203. 02) factors 
S. pyogenes 
S. pneumoniae, S. aureus, H. influenzae, Neisseria meningitidis, 
Klebsiella species (Sepsis, meningitis, arthritis) 
2. C5-8, properdin deficiency 
N. meningitidis, N. gonorrhoeae (meningitis, sepsis, arthritis) 


Il. Combined B and T Cell Defects (Congenital, Acquired 
Immunodeficiency Syndrome, Immunosuppression 
Malignancies) 
A. Bacteria 
Listeria monocytogenes (sepsis, meningitis) 
Salmonella (sepsis) 
Mycobacterium tuberculosis (pneumonia, disseminated disease) 
Atypical mycobacteria (Mycobacterium avium, Mycobacterium intracellulare) 
(sepsis, pneumonia, disseminated disease) 
Nocardia species (pneumonia, CNS infection) 
Legionella species (pneumonia) 
B. Fungi 
Cryptococcus neoformans (sepsis, meningitis) 
Histoplasma capsulatum (pneumonia, disseminated disease) 
Coccidioides immitis (pneumonia, meningitis) 
C. Viruses 
Varicella-zoster (cutaneous and CNS infection, pneumonia, hepatitis) 
Cytomegalovirus (bone marrow infection, pneumonia, retinitis, esophagitis, 
colitis, CNS infection) 
Herpes simplex (CNS infection, pneumonia, esophagitis, hepatitis, 
disseminated disease) 
Epstein-Barr virus (lymphoma) 
Measles (pneumonia, encephalitis) 
Polyomavirus BK (hemorrhagic cystitis, ureteric stenosis, renal insufficiency) 
Polyomavirus JC (progressive multifocal leukoencephalopathy) 
. Protozoa 
Pneumocystis carinii (pneumonia, rare extrapulmonary spread) 
Toxoplasma gondii (CNS infection, myocarditis) 
Cryptosporidium species (enteritis) 
. Helminths 
Strongyloides stercoralis (enteritis, pneumonia, sepsis, meningitis) 


CNS, central nervous system. 


lil. Neutropenia (Severe Chronic Neutropenia, 
Aplastic Anemia, Myelosuppression, Myelophthisis 
Myelosuppressive Agents, Bone Marrow Transplantation) 
A. Bacteria 

Escherichia coli (sepsis, pneumonia, pyelonephritis) 

Klebsiella pneumoniae (sepsis, pneumonia) 

P. aeruginosa (Sepsis, pneumonia, cutaneous lesions) 

Mixed anaerobic and aerobic enteric bacteria (typhlitis, perianal abscess) 

S. aureus (sepsis, cellulitis, soft tissue infection) 

Staphylococcus epidermidis (line infection) 

Corynebacterium JK strain (Sepsis) 

o-Hemolytic streptococci (sepsis) 

. Fungi 
Candida species (sepsis, pneumonia, ophthalmitis, liver and spleen 
abscesses) 
Aspergillus species (Sepsis, pneumonia, sinusitis, CNS infection, cutaneous 
lesions) 

Mucor (pneumonia, sinusitis, CNS infection) 

Fusarium species (Sepsis, cutaneous lesions, pneumonia) 

Alternaria species (sepsis, cutaneous lesions) 


IV. Phagocytic Dysfunction 
A. Chronic Granulomatous Disease 
Bacteria (soft tissue, lymphadenitis, pneumonia, osteomyelitis) 
Catalase-positive organisms, e.g., S. aureus, Serratia marcescens, 
Burkholderia cepacia, Nocardia species 
Fungi (pneumonia, liver infection, soft tissue), Candida species, Aspergillus 
species) 

. Other Phagocyte Defects (Leukocyte Adhesion Deficiency 
Hyperimmunoglobulin E, Chédiak-Higashi syndrome, specific granule 
deficiency, Rac-2 deficiency) 

Bacteria (soft tissue, pneumonia, lymphadenitis) 

Pseudomonas species, S. aureus, E. coli, Klebsiella, Enterobacter species 
Fungus (pneumonia) 

Candida infection if diabetic 


. Splenic Dysfunction (e.g., Asplenia, Sickle Cell Anemia) 
. Bacteria 

S. pneumoniae (sepsis, meningitis) 

H. influenzae type b (sepsis, meningitis) 

N. meningitidis (sepsis, meningitis) 

Capnocytophaga canimorsus 
. Protozoa 

Babesiosis 

Malaria 
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TABLE 41.3 Infections in Patients without Primary Immunodeficiency Syndromes 


Predisposing Causes 


Alteration of Mucocutaneous Barriers 


Indwelling Catheter 
Central venous catheter (Broviac, Hickman) 


Urinary catheter 


Tenckhoff catheter (continuous ambulatory 
peritoneal dialysis) 


Cerebrospinal fluid shunts 
Aspirated pulmonary foreign body 


Burns 


Inhalation Therapy: Contaminated 
Solutions 


Surgical Wounds 
Abdominal 


Nongastrointestinal 


Fistula-Sinus Communications 
Neurocutaneous fistula 


Neuroenteric fistula 
Otic, facial sinus-meningeal sinus tract 
Facial sinus fracture (CSF rhinorrhea) 


Intravenous Drug Abuse 


Prosthetic Devices 
Cardiac valves 


Pacemaker 


Chronic Disease 
Malnutrition 


Cystic fibrosis 

Diabetes mellitus 

Nephrotic syndrome 

Uremia 

Cirrhosis, ascites 

Prolonged broad-spectrum antibiotic therapy 
Spinal cord injury 


Sickle cell anemia 


Congenital heart disease 

Urinary tract anomaly 

Kartagener syndrome (dysmotile cilia) 
Eczema/atopic disease 


Protein-losing enteropathy (lymphangiectasia) 


Periodontitis 


Organism and Type of Infection 


Staphylococcus aureus, S. epidermidis, and Bacteroides, Candida, Pseudomonas species: bacteremia, 
fungemia 


Escherichia coli, Enterococcus species, Staphylococcus saprophyticus: pyelonephritis 
Staphylococcus epidermidis, S. aureus, E. coli, Pseudomonas aeruginosa, Candida species: peritonitis 


S. epidermidis, S. aureus, diphtheroid, Bacillus species: meningitis 
S. aureus, anaerobes: pneumonia, pulmonary abscess, empyema 


P. aeruginosa, S. epidermidis, Candida species: cutaneous lesions, sepsis 


P. aeruginosa, Serratia marcescens, Legionella species: pneumonia 


Gram-negative bacteria, S. aureus, S. epidermidis, Candida species: peritonitis 
S. aureus, S. epidermidis, streptococci, gram-negative bacteria: wound abscess, sepsis 


Š. aureus, Š. epidermidis, E. coli: meningitis 
Gram-negative bacteria: meningitis 
Pneumococcus: meningitis 

Pneumococcus: meningitis 


S. aureus, P. aeruginosa, streptococci: endocarditis, osteomyelitis Hepatitis B, C, D viruses: AIDS 


S. epidermidis, streptococci, S. aureus, diphtheroid, Candida species: endocarditis 
S. epidermidis, S. aureus, Candida species: subcutaneous pocket or endocardial infection 


Measles; tuberculosis; herpes simplex virus; bacterial, parasitic, and viral diarrhea, gram-negative bacteria: 
sepsis, pneumonia 


S. aureus, Haemophilus influenzae, mucoid P. aeruginosa, Burkholderia cepacia; pneumonia 

Urinary tract infections, Mucor, and other fungi: sinus-orbital infection 

Pnemococcus, E. coli: peritonitis 

S. aureus, gram-negative bacteria, fungi: sepsis, soft tissue infection 

Pnemococcus, E. coli: peritonitis 

Candida species, Enterococcus species, multidrug-resistant gram-negative or gram-positive bacteria: sepsis 

Gram-negative or gram-positive bacteria: pneumonia, pyelonephritis, pressure sores, abscesses, 
osteomyelitis 

Pnemococcus: sepsis, meningitis, osteoarticular infection 

Salmonella species, S. aureus: osteomyelitis 

S. aureus, Streptococcus viridans group: endocarditis 

F. coli, S. saprophyticus, Enterococcus species: pyelonephritis 

H. influenzae, Moraxella catarrhalis, pnemococcus: pneumonia, sinusitis 

S. aureus, Streptococcus species, varicella, herpes simplex, molluscum: cutaneous infection, cellulitis 


Pneumococcus: sepsis, peritonitis 
Giardia species: diarrhea 


Fusobacterium species: cellulitis, facial space infection 


AIDS, acquired immunodeficiency syndrome; CMV, cytomegalovirus; CSF, cerebrospinal fluid; EBV, Epstein-Barr virus; HIV, human 
immunodeficiency virus; HHV-6, human herpesvirus 6. 
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TABLE 41.4 Clinical Aids to the Diagnosis 
of Immunodeficiency 


Suggestive of B Cell Defect (Humoral Immunodeficiency) 

Recurrent bacterial infections of the upper and lower respiratory tracts 

Recurrent skin infections, meningitis, osteomyelitis secondary to 
encapsulated bacteria (Streptococcus pneumoniae, Haemophilus 
influenzae, Staphylococcus aureus, Neisseria meningitidis) 

Paralysis after vaccination with live attenuated poliovirus 

Reduced levels of immunoglobulins 


Suggestive of T Cell Defect (Combined Immunodeficiency) 

systemic illness after vaccination with any live virus or bacille Calmette- 
Guérin (BCG) 

Unusual life-threatening complication after infection with benign viruses 
(giant cell pneumonia with measles; varicella pneumonia) 

Chronic oral candidiasis after 6 months of age 

Chronic mucocutaneous candidiasis 

Graft-versus-host disease after blood transfusion 

Reduced lymphocyte counts for age 

Low level of immunoglobulins 

Absence of lymph nodes and tonsils 

small thymus 

Chronic diarrhea 

Failure to thrive 

Recurrent infections with opportunistic organisms 


Suggestive of Macrophage Dysfunction 

Disseminated atypical mycobacterial infection, recurrent 
Salmonella infection 

Fatal infection after BCG vaccination 


Congenital Syndromes with Immunodeficiency 

Ataxia-telangiectasia: ataxia, telangiectasia 

Autoimmune polyglandular syndrome: hypofunction of 1 or more endocrine 
organs, chronic mucocutaneous candidiasis 

Cartilage-hair hypoplasia: short-limbed dwarfism, sparse hair, neutropenia 

Wiskott—Aldrich syndrome: thrombocytopenia, male gender, eczema 

Chédiak—Higashi syndrome: oculocutaneous albinism, nystagmus, recurrent 
bacterial infections, peripheral neuropathies 

DiGeorge syndrome (22q deletion syndrome): unusual facies, heart defect, 
hypocalcemia 


Suggestive of Asplenia 
Heterotaxia, complex congenital heart disease, Howell—Jolly bodies on 
blood smear, sickle cell anemia 


Eustachian tube abnormalities or cleft palate result in recurrent or 
chronic otitis media; congenital heart disease results in an increased 
risk of endocarditis; and posterior urethral valves, vesicoureteral reflux, 
or ureteral pelvic junction obstruction results in recurrent urinary 
tract infections. Recurrent pneumonia may result from congenital 
malformations (trachea-esophageal fistulas, cystic adenomatoid mal- 
formation, or sequestration), from aspiration of a foreign body 
(peanut, small toys) or chronic aspiration (gastroesophageal reflux 
or swallowing disorders), and from bronchopulmonary dysplasia. 
Repeated pneumonias in dependent lobes warrant evaluation for 
recurrent aspiration. Chronic illnesses that result in recurrent pulmo- 
nary infections include cystic fibrosis, primary ciliary dyskinesia, or 
Q,-antitrypsin deficiency. Recurrent sinus infections can occur due to 
anatomic defects of the sinuses (polyps, stenotic os). Endotracheal 
intubation predisposes the patient to recurrent pulmonary infections 


with nosocomial organisms. Right middle lobe syndrome and seques- 
tered lung can appear as recurrent pneumonia in the same anatomic 
location. 

Any direct communication to the cerebrospinal fluid that bypasses 
the blood-brain barrier predisposes patients to a central nervous 
system infection. Basilar skull fractures and dermal sinus tracts or 
fistulas may communicate with the subarachnoid space or neural 
tissue. Other conditions predisposing patients to opportunistic infec- 
tions of the central nervous system include penetrating foreign body, 
cerebrospinal fluid shunts, myelomeningocele, and encephalocele. 
Local infections of the sinuses or of the middle ear may spread to 
contiguous structures to form cerebral abscesses or subdural-epidural 
empyema. Intravenous drug abuse, bacterial endocarditis, and heart 
disease with right-to-left shunt are associated with an increased risk of 
central nervous system infections. 


Family History 

Specific patterns of inheritance have been determined for a variety of 
immunologic defects. Genetic defects of immunity can be inherited 
as X-linked, autosomal recessive, or autosomal dominant disorders. 
Monogenic primary immunodeficiencies may exhibit reduced pene- 
trance (some people with the genetic abnormality do not exhibit a 
clinical phenotype) and variable expressivity (different signs and 
symptoms with same genetic defect). A family history of unexplained 
infant deaths or serious infection should be sought, particularly in 
male infants since a number of important immune deficiencies are 
X-linked. Evidence of consanguinity should be sought as many serious 
primary immune deficiencies are autosomal recessive. Since allergic 
diseases can appear as recurrent infections, a family history of atopy is 
important. A child who has 1 allergic parent or 2 allergic parents is 
predisposed to allergic reactions by 25% and 50%, respectively. 


Environmental History 


The incidence of respiratory disease is increased in children exposed 
to cigarette or marijuana smoke or other noxious fumes (wood- 
burning stove) in the home. Respiratory and dermatologic findings are 
seen as a result of exposure to environmental allergens and toxins. 
Specific bacteriologic and parasitic exposures are associated with 
certain pets (i.e., Salmonella organisms and iguanas or turtles; psitta- 
cosis and birds; Bartonella organisms in kittens). A travel history may 
suggest exposure to unusual organisms that are regionally endemic, 
such as certain parasites and specific insect or animal bites, or to con- 
taminated water. A move to a new house or to a new nursery school 
or exposure to a new babysitter, pet, or housekeeper may suggest pos- 
sible allergic and infectious risks. 


® Physical Examination 


The physical examination may provide important clues to the diagno- 
sis of a primary immune deficiency (see Table 41.4). Longitudinal 
evaluation of height and weight are crucial in identifying infants with 
failure to thrive or acute weight loss. Chronic upper respiratory infec- 
tions are suggested by scarred tympanic membranes, postnasal drip, 
and cervical adenopathy. Transverse nasal creases, circles under the 
eyes, and posterior pharyngeal “cobblestoning” suggest respiratory 
allergy. Recurrent cough, wheezing, digital clubbing, and chest defor- 
mity are suggestive of pulmonary disease. Mouth ulceration or stoma- 
titis can be a sign of immune deficiency or autoinflammatory disorder. 
Auscultation of the apex of the heart in the right side of the thorax 
(dextrocardia) may be accompanied by ciliary motility abnormalities 
or asplenia. Lymphadenopathy, hepatosplenomegaly, pallor, wasting, 
and recent weight loss are suggestive of systemic disease. Absence of 
lymph tissue (tonsils and lymph nodes) is suggestive of a B cell 
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deficiency, while absence of thymic tissue on chest radiograph in an 
infant is suggestive of T cell deficiency. Parotid enlargement with 
lymphadenopathy and hepatosplenomegaly is suggestive of HIV infec- 
tion. Skin abnormalities including alopecia, eczema, pyoderma, and 
telangiectasia can be important clues. Evidence of hematologic disease, 
such as pallor, petechiae, and jaundice can be associated with immu- 
nodeficiencies. Generalized lymphadenopathy and splenomegaly may 
be suggestive of HIV disease, a phagocyte disorder with recurrent 
infections, or a lymphoproliferative disorder. 


® Diagnostic Categories 


The information obtained from the history and physical examination 

is usually sufficient to make a tentative classification: 

1. The patient who is probably healthy. 

2. The atopic or allergic patient. 

3. The patient with a nonimmunologic defect in host defense (see 
Table 41.3). 

4. The patient with hereditary inflammatory disorders (Table 41.5). 

5. The immunodeficient patient. 


Patient Who Is Probably Healthy 


Many healthy children have repeated minor infections, or have a rela- 
tively brief history of repeated infections, or a single prolonged illness 
from which recovery has been delayed. Most upper respiratory tract 
infections last less than 7 days, and duration of longer than 14 days is 
unusual. Most children younger than 1 year who have a large family 
or who attend daycare develop respiratory or gastrointestinal infec- 
tions about 6 times during the Ist year of life. The onset of the recur- 
rent infection may coincide with entry into day care, preschool, or 
kindergarten. The healthy child has normal growth and development 
before the illness and usually a normal physical examination finding. 
When a discrepancy exists between the severity of an illness as reported 
by the parent and the child’s physical appearance, it is often prudent 
to delay a detailed evaluation until more objective findings are docu- 
mented by repeat examinations during acute episodes. Laboratory 
testing might include a complete blood cell count, inflammatory 
markers (i.e., erythrocyte sedimentation rate [ESR], C-reactive protein 
[CRP]) to exclude rheumatic disorders or occult infections, and mea- 
surement of immunoglobulin levels and vaccine specific titers as a 
screen. Cultures and imaging of the affected area may provide addi- 
tional data. With reassurance of the parents, these children recover 
spontaneously. Simple measures, rather than a complex set of labora- 
tory studies, are often the only treatment required. 


Patient with Hereditary Inflammatory Disorders 


Autoinflammatory syndromes, formerly known as periodic fever 
syndromes, are a heterogeneous and ever increasing group of rare 
inflammatory disorders that manifest with recurrent fevers and/or 
inflammatory episodes (see Table 41.5). Recurrent fevers or inflamma- 
tion can often be mistaken for recurrent infections. Patients exhibit 
characteristic physical findings during these episodes, such as fever, 
various rashes, lymphadenopathy, aphthous stomatitis, arthritis, and 
serositis with abdominal, chest, or testicular pain. These episodes can 
be periodic or sporadic, but the characteristic features occur with 
each episode. Laboratory evaluation may show elevated white blood 
cell (WBC) counts and elevated inflammatory markers during the 
episode that typically resolve between episodes. Importantly, infectious 
work-ups are often repeatedly negative, and the patient is typically well 
between febrile episodes. 

There are also an increasing number of disorders of immune dys- 
regulation that have been described (Table 41.6). Unlike autoinflam- 
matory disorders, these disorders result in a failure to control T and B 
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cell responses, resulting in autoimmunity. These disorders are not 
typically episodic, and once autoimmunity develops it continues until 
treated. Many of these disorders are also associated with immune defi- 
ciency and recurrent infection, thus patients experience recurrent 
infections simultaneously with autoimmune manifestations. 


immunodeficient Patient 


Approximately 5-10% of children with recurrent infections have an 
underlying immunodeficiency. Frequently, the onset of infections 
occurs between the ages of 6 and 12 months, but delays in diagnosis 
are not uncommon. In addition, certain immune deficiencies such 
as common variable immunodeficiency disease (CVID) can present 
in adolescence or young adulthood; thus it is critical to consider 
immune defects in children of any age. Infections in patients with 
primary immune deficiencies often vary in type, location, and severity, 
although sinopulmonary infections are common. Failure to thrive 
may occur and can be a sign of a serious immune defect. Patients 
with primary immune defects often require repeated courses of anti- 
biotics or intravenous antibiotics, or may have infections with unusual 
organisms or exhibit unexpected complications. Such children may 
respond to antibiotics but become ill when the medications are 
discontinued. 


® Diagnostic Approach to the Patient 


with Recurrent Infections 

Patients with recurrent, severe, or unusual infections involving mul- 
tiple sites or organ systems should be investigated for an immunode- 
ficiency (Fig. 41.1). Initial tests are recommended for patients suspected 
of a primary immune deficiency, although a variety of immune defects 
can occur despite normal screening tests. Thus it is recommended 
that advanced testing be performed in consultation with a clinical 
immunologist. 

A complete blood count with manual differential should always be 
obtained in the evaluation of any child suspected of immunodefi- 
ciency. A neutrophil count below 500/mm° might indicate severe 
congenital neutropenia, cyclic neutropenia, idiopathic neutropenia, 
marrow failure, or replacement of marrow by leukemia or a tumor if 
other hematopoietic cell lines are affected. Analysis of the peripheral 
blood smear is important as this can detect neutrophil abnormalities 
(e.g., abnormal granules in Chédiak-Higashi) or evidence of asplenia 
(i.e., Howell-Jolly bodies). 

Serum immunoglobulin levels (IgG, IgA, IgM, IgE) are essential 
to the work-up of suspected primary immunodeficiency. Antibody 
levels vary with age, with normal adult values of IgG at birth from 
transplacental transfer of maternal IgG, a physiologic nadir occurring 
between 3 and 6 months of age, and a gradual increase to adult values 
over several years. IgA and IgM are low at birth and levels increase 
gradually over several years, with IgA taking the longest to reach 
normal adult values. When IgG levels are low, albumin levels should 
be measured because increased loss of proteins, as in protein-losing 
enteropathy or nephrotic syndrome, can result in hypogammaglobu- 
linemia. High immunoglobulin levels suggest intact B cell immunity 
and can be found in diseases with recurrent infections, such as chronic 
granulomatous disease (CGD), immotile cilia syndrome, cystic fibro- 
sis, HIV infection, autoimmune diseases (lupus), and other disorders 
leading to chronic inflammation. Elevated IgE levels can be found in 
a number of immune deficiencies such as hyper-IgE syndrome, but 
more likely represent atopic diseases (atopic dermatitis). 

Specific antibody titers after childhood vaccination (tetanus, diph- 
theria, Haemophilus influenzae type b, or Streptococcus pneumoniae) 
reflect the capacity of the immune system to synthesize specific anti- 
bodies and to develop memory B cells. If titers are low, immunization 
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TABLE 41.5 Autoinflammatory Disorders 


Disease 


Familial Mediterranean 
fever 


Mevalonate kinase 
deficiency (hyper 0 IgD 
syndrome) 


Muckle—Wells syndrome 


Familial cold 
autoinflammatory 
syndrome 


Neonatal-onset 
multisystem 
inflammatory disease 
(NOMID) or chronic 
infantile neurologic 
cutaneous and articular 
syndrome (CINCA) 


TNF receptor—associated 
periodic syndrome 
(TRAPS) 


Pyogenic sterile arthritis, 


pyoderma gangrenosum, 


acne (PAPA) syndrome 


Blau syndrome 


Chronic recurrent 
multifocal osteomyelitis 
and congenital 
dyserythropoietic 
anemia (Majeed 
syndrome) 


Genetic Defect/ 
Presumed 
Pathogenesis 


Mutations of MEFV (lead to 
gain of pyrin function, 
resulting in inappropriate 
IL-1B release) 


Mutations of MVK (lead to a 
block in the mevalonate 
pathway). Interleukin-1B 
mediates the inflammatory 
phenotype 


Mutations of NLAP3 (also 
called PYPAF1 or NALP3) 
lead to constitutive 
activation of the NLRP3 
inflammasome 


Mutations of NI RP3 (see 
above) 
Mutations of NLRP12 


Mutations of NLAP3 (see 
above) 


Mutations of TNFRSF1A 
(resulting in increased TNF 
inflammatory signaling) 


Mutations of PSTPIP1 (also 
called C2BP1) (affects both 
pyrin and protein tyrosine 
phosphatase to regulate 
innate and adaptive 
immune responses) 


Mutations of NOD2 (also 
called CARD15) (involved 
in various inflammatory 
processes) 


Mutations of LPIN2 
(increased expression of 
the proinflammatory 
genes) 


Inheritance 
AR 


AR 


AD 


AD 


AD 


AD 


AD 


AR 


Affected Cells 
Mature granulocytes, 


cytokine-activated 
monocytes 


PMNs, monocytes 


PMNs, monocytes 


PMNs, chondrocytes 


PMNs, monocytes 


Hematopoietic 
tissues, 
upregulated in 
activated T cells 


Monocytes 


Neutrophils, bone 
marrow cells 


Functional Defects 


Decreased production of 
pyrin permits ASC- 
induced IL-1 processing 
and inflammation 
following subclinical 
serosal injury; 
macrophage apoptosis 
decreased 

Affecting cholesterol 
synthesis; pathogenesis 
of disease is unclear 


Defect in cryopyrin, 
involved in leukocyte 
apoptosis and NF-KB 
signaling and IL-1 
processing 

Same as above 


Same as above 


Mutations of 55-kDa TNF 
receptor leading to 
intracellular receptor 
retention or diminished 
soluble cytokine 
receptor available to 
bind TNF 


Disordered actin 
reorganization leading 
to compromised 
physiologic signaling 
during inflammatory 
response 


Mutations in nucleotide 


binding site of CARD15, 


possibly disrupting 

interactions with 

lipopolysaccharides and 

NF-«B signaling 
Undefined 


Associated 
Features 


Recurrent fever, serositis, 
and inflammation 
responsive to colchicine. 
Predisposes to vasculitis 
and inflammatory bowel 
disease 


Periodic fever and 
leukocytosis with high 
IgD levels 


Urticaria, SNHL, 
amyloidosis 


Nonpruritic urticaria, 
arthritis, chills, fever, 
and leukocytosis after 
cold exposure 


Neonatal-onset rash, 
chronic meningitis, and 
arthropathy with fever 
and inflammation 


Recurrent fever, serositis, 
rash, and ocular or joint 
inflammation 


Destructive arthritis, 
inflammatory skin rash, 
myositis 


Uveitis, granulomatous 
synovitis, 
camptodactyly, rash, 
and cranial 
neuropathies, 30% 
develop Crohn disease 


Chronic recurrent 
multifocal 
osteomyelitis, 
transfusion-dependent 
anemia, cutaneous 
inflammatory disorders 


CHAPTER 41 


Recurrent Fever, Infections, Immune Disorders 


TABLE 41.5 Autoinflammatory Disorders—cont’d 


Genetic Defect/ 
Presumed 
Pathogenesis Inheritance 
Mutations in /L-70 (results in AR 
increase of many 
proinflammatory cytokines) 


Disease 


Early-onset inflammatory 
bowel disease 


Mutations in /L-70RA (see 
above) 


Early-onset inflammatory 
bowel disease 


Mutations in /L-70RB (see 
above) 


Early-onset inflammatory 
bowel disease 


Affected Cells 
Monocyte/ 


Monocyte/ 


Monocyte/ 


Associated 

Features 

Enterocolitis, enteric 
fistulas, perianal 
abscesses, chronic 
folliculitis 


Functional Defects 
IL-10 deficiency leads to 
increase of TNFy and 
other proinflammatory 

cytokines 


macrophage, 
activated T cells 


Enterocolitis, enteric 
fistulas, perianal 
abscesses, chronic 
folliculitis 


Mutation in IL-10 receptor 
alpha leads to increase 
of TNFy and other 
proinflammatory 
cytokines 


macrophage, 
activated T cells 


Enterocolitis, enteric 
fistulas, perianal 
abscesses, chronic 
folliculitis 


Mutation in IL-10 receptor 
beta leads to increase 
of TNFy and other 
proinflammatory 
cytokines 


macrophage, 
activated T cells 


AD, autosomal dominant; AR, autosomal recessive; lg, immunoglobulin; IL, interleukin; NF-KB, nuclear factor-KB; PMN, polymorhonuclear neutrophil; 


SNHL, sensorineural hearing loss; TNF, tumor necrosis factor. 


e History and physical exam 
e CBC with differential counts 


e Cultures/Imaging 


° IgG, IgA, IgM, IgE levels 
e Diphtheria, tetanus titers 
e Pneumococcus, Haemophilus titers 


e CH50, AH50 


Suspect phagocyte 
defect 


e Dihydrorhodamine for 
CGD 


e Flow cytometry for 
LAD1 (CD11/CD18) or 
LAD2 (CD15) 


e Consider neutrophil 
chemotaxis assays 


e IL-12 receptor/IFNy 
receptor expression 
and function 


studies 


Suspect humoral defect 


e Flow cytometry for T 
cells (CD4, CD8), B 
cells, NK cells 

e Enumerate 
percentage of naïve, 
memory, and switched 
memory B cells 


e Functional B cell 


If normal, consult with clinical 
immunologist, consider the 
following 


Suspect combined 
defect 


e Flow cytometry for T 
cells (CD4, CD8), B 
cells, NK cells 

e Enumerate 
percentage of 
memory vs naive T 
cells (CD45 isoform 
expression) 


° T cell mitogen studies 


FIGURE 41.1 Initial work-up and follow-up studies of patients with suspected immune deficiency. Consulta- 
tion with a clinical Immunologist is recommended to guide advanced testing and interpret results. CBC, 
complete blood count; CGD, chronic granulomatous disease; LAD, leukocyte adhesion defect; NK, natural 


killer cell; IL, interleukin; IFN, interferon. 


with a specific vaccine and obtaining titers 4-6 weeks later should be 
performed to confirm a response to the immunization. Poor response 
to bacterial polysaccharide antigens is often found before 24 months 
of age; even in older individuals the antibody response to polysaccha- 
ride vaccines is typically less robust and less long-lived than protein 
antigens. The development of protein-conjugate polysaccharide vac- 
cines to Streptococcus pneumoniae and Haemophilus influenzae has 


dramatically reduced invasive infections with these organisms in 
early childhood by improving the response to vaccination. Antibody 
responses to the S. pneumoniae serotypes found in the 23-valent poly- 
saccharide vaccine, but not in the conjugate vaccine, can be used to 
test antibody responses to polysaccharide antigens. 

Complement assays include the CH50 test, which measures the 
presence of proteins in the classical pathway of complement (C1, C2, 
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SECTION 9 Infectious Diseases 


C3, C4), and the AH50 test, which tests the proteins of the alterna- 
tive pathway of complement (C3, factor B, properdin). In patients 
with deficiencies in complement protein, the CH50 levels or AH50 
levels are generally zero, whereas they are low but not absent in 
disorders leading to complement consumption (e.g., systemic lupus 
erythematosus). If both the CH50 and AH50 levels are abnormal, a 
defect in the common pathway is likely (C5-C9). Specialized labo- 
ratories can measure the presence or function of specific complement 
proteins. 

If the above studies are normal but a primary immune deficiency 
is still suspected, advanced studies can be performed. One such 
advanced study is flow cytometry to enumerate the percentage and 
absolute numbers of T cells, B cells and markers of B cell matura- 
tion, and NK cell subsets. Flow cytometry can also test for the pres- 
ence of surface proteins that are necessary for normal immunity, 
such as major histocompatibility complex molecules or adhesion 
molecules. Functional T cell tests include T cell proliferation assays 
in response to mitogens (phytohemagglutinin or concanavalin A) or 
antigens (tetanus toxoid or Candida). These in vitro assays assess 
the capacity of T cells to proliferate in response to a nonspecific 
stimulus (mitogens) or antigen-specific memory T cells (antigens). 
T cell proliferation in response to specific antigens requires a prior 
exposure to that unique antigen. Delayed-type hypersensitivity skin 
tests to protein antigens such as tetanus, diphtheria, Candida, or 
mumps demonstrate the presence and function of both antigen- 
specific T cells and antigen-presenting cells. If delayed-type hyper- 
sensitivity skin test results are negative, one may consider a booster 
vaccination and retesting 4 weeks later. 

Tests for neutrophil function include the nitroblue tetrazolium 
(NBT) or dihydrorhodamine 123 (DHR) test for CGD. In the NBT test, 
oxygen radicals generated by activated neutrophils oxidize NBT to an 
insoluble dark blue dye that can be detected in neutrophils by micro- 
scopic examination. In the DHR test, oxygen radicals generated by 
activated neutrophils oxidize DHR, which results in the emission of 
light that is detected by flow cytometry. Neutrophils that are activated 
in patients with CGD cannot generate oxygen radicals and therefore 
have an abnormal NBT test (no blue neutrophils) or DHR test (no 
increase in light emitted from activated neutrophils). 

Genetic testing to confirm the diagnosis of a primary immunode- 
ficiency disease can be performed in specialized laboratories and may 
be helpful for deciding on a course of treatment, determining the 
natural history and prognosis of the disease, and to allow for 
genetic counseling. Chromosomal deletion/duplication microarrays 
are increasingly used to diagnose specific syndromic disorders that may 
have immunodeficiency due to genomic copy number variants (CNV) 
such as DiGeorge Syndrome. Specific gene or multiple gene sequencing 
is available commercially. With the advent of next generation sequenc- 
ing techniques, it is now possible to sequence nearly all the genes in a 
subject. Because there are hundreds of genes known to cause primary 
immune deficiencies, this technology is being used in the diagnosis of 
primary immune deficiencies. 


HUMORAL IMMUNE DISORDERS 


Immune disorders that result in impaired immunoglobulin produc- 
tion can result in recurrent infections, typically of the sinopulmonary 
tract (pneumonia, sinusitis, otitis media), although more disseminated 
infections can occur (meningitis, sepsis, cellulitis) (Table 41.7). These 
individuals do not typically have infections with opportunistic patho- 
gens such as Cryptosporidium, Pneumocystis, or fungi that are charac- 
teristic of combined immune deficiencies (T cell or cell-mediated 
defects). 


X-Linked Agammaglobulinemia (XLA) 


X-linked agammaglobulinemia (Bruton agammaglobulinemia) is 
caused by mutations in the gene that encodes Bruton tyrosine kinase 
(BTK) and accounts for approximately 85% of all inherited forms of 
agammaglobulinemias (see Table 41.7). BTK is a cytoplasmic tyrosine 
kinase that is essential for pre-B cell differentiation into mature B cells. 
Affected children exhibit severe reductions in serum immunoglobulins 
and a serious risk for recurrent and sometimes life-threatening infec- 
tions. Expression of the BTK gene also occurs in myeloid cells, which 
may account for the neutropenia associated with this condition, which 
typically occurs at the time of their initial presentation. 

Although some affected children are asymptomatic until the age of 
2 years, most show symptoms between 6 and 9 months of age when 
maternal transplacental acquired antibodies disappear. Affected indi- 
viduals develop recurrent infections (recurrent otitis media, sinusitis, 
pneumonia, meningitis) with pyogenic bacteria, such as pneumococci, 
staphylococci, streptococci, and Haemophilus species. They also have 
an unusual susceptibility to infection by enteroviruses, which can lead 
to chronic diarrhea, hepatitis, pneumonitis, and persistent meningo- 
encephalitis. Most live attenuated viral or bacterial vaccines are con- 
traindicated in patients with XLA. The live attenuated polio vaccine is 
particularly problematic and has caused paralysis in some XLA patients. 
XLA patients have marked hypoplasia of lymphoid tissue (adenoids, 
tonsils, lymph nodes) with absence of germinal centers and rare plasma 
cells. The diagnosis should be considered if the serum IgG, IgM, and 
IgA levels are less than 5% of age-adjusted control values in a patient 
with normal T cell function. In the majority of patients, the number 
of B cells in the peripheral blood is severely reduced or absent. Treat- 
ment includes aggressive antibiotic management of infections and 
replacement immunoglobulin therapy, although chronic pulmonary 
and gastrointestinal diseases may still occur. 

A variety of genetic defects involved in B cell development also lead 
to agammaglobulinemia, including u heavy chain, A5, Igo, Ig, PIS3KR1, 
and BLNK (see Table 41.7). These are inherited in an autosomal reces- 
sive manner and exhibit similar hypogammaglobulinemia, lack of B 
cells, and infectious complications. 


Common Variable Immunodeficiency 


CVID is a heterogeneous immunodeficiency characterized by hypo- 
gammaglobulinemia developing after an initial period of normal 
immune function, most commonly in the 2nd and 3rd decades of life 
(see Table 41.7). The etiology of CVID in the majority of cases is 
unknown, although a minority of patients has mutations in the genes 
encoding for ICOS (“inducible costimulator” on activated T cells), 
TACI (transmembrane activator and calcium-modulating cyclophilin 
ligand interactor), CD19, CD21, CD81, or BAFF-R (see Table 41.7). 

Patients with CVID are susceptible to frequent respiratory tract 
infections due to Streptococcus pneumoniae, Haemophilus influenzae 
type b, and Mycoplasma. Bronchiectasis due to recurrent pyogenic lung 
infections is a frequent complication. Gastrointestinal infections with 
Giardia, Campylobacter, Salmonella, Helicobacter, and enteroviruses are 
common. Bacterial overgrowth in the gut may lead to diarrhea, steator- 
rhea, malabsorption, and protein-losing enteropathy. Patients exhibit 
normal-sized or enlarged tonsils and lymph nodes, and frequently have 
splenomegaly. 

In addition to the infectious complications of CVID, autoimmune 
complications are common and an increasing cause of morbidity and 
mortality. Autoimmune hemolytic anemia and autoimmune thrombo- 
cytopenia occur frequently. Multisystemic granulomatous disease 
occurs in approximately 20-30% of patients, with noncaseating granu- 
lomas occurring most frequently in the liver, spleen, lungs, and skin. 


CHAPTER 41 Recurrent Fever, Infections, Immune Disorders 


TABLE 41.7 Humoral Immune Deficiencies 


Severe Reduction in All Serum Immunoglobulin lsotypes with Profoundly Decreased or Absent B Cells 


Genetic Defect/Presumed 


Disease Pathogenesis Inheritance Serum IgG Associated Features 
BIK deficiency Mutations in BTK, a cytoplasmic XL All isotypes decreased in severe bacterial infections; normal 
tyrosine kinase activated by majority of patients; some numbers of pro-B cells 
cross-linking of the BCR patients have detectable 
immunoglobulins 
u Heavy chain Mutations in /GHIV; essential AR All isotypes decreased severe bacterial infections; normal 
deficiency component of the pre-BCR numbers of pro-B cells 
A5 Deficiency Mutations in /GLL7; part of the AR All isotypes decreased severe bacterial infections; normal 
surrogate light chain in the numbers of pro-B cells 
pre-BCR 
Iga deficiency Mutations in CD79A; part of the AR All isotypes decreased severe bacterial infections; normal 
pre-BCR and BCR numbers of pro-B cells 
IgB deficiency Mutations in CD79B; part of the AR All isotypes decreased severe bacterial infections; normal 
pre-BCR and BCR numbers of pro-B cells 
BLNK deficiency Mutations in BLNK; a scaffold AR All isotypes decreased severe bacterial infections; normal 
protein that binds to BIK numbers of pro-B cells 
PI3 kinase Mutations in P/K3A7; a kinase AR All isotypes low severe bacterial infections; normal 
deficiency involved in signal transduction in numbers of pro-B cells 


multiple cell types 
Severe Reduction in at Least Two Serum Immunoglobulin isotypes with Normal or Low Number of B Cells 


Genetic Defect/Presumed 


Disease Pathogenesis Inheritance Serum IgG Associated Features 
Common variable Unknown Variable Low IgG and IgA and/or IgM Clinical phenotypes vary: most have 
immunodeficiency recurrent infections, some have 
disorders polyclonal lymphoproliferation, 


autoimmune cytopenias, and/or 
granulomatous disease 


ICOS deficiency Mutations in /COS; a co-stimulatory AR Low IgG and IgA and/or IgM Recurrent infections; autoimmunity, 
molecule expressed on T cells gastroenteritis, granuloma in some 
CD19 deficiency Mutations in CD19, transmembrane AR Low IgG and IgA and/or IgM Recurrent infections; may have 
protein that amplifies signal glomerulonephritis 
through BCR 
CD81 deficiency Mutations in CD87. transmembrane AR Low IgG, low or normal IgA Recurrent infections; may have 
protein that amplifies signal and IgM glomerulonephritis 
through BCR 
CD20 deficiency Mutations in CD20; a B cell surface AR Low IgG, normal or elevated Recurrent infections 
receptor involved in B cell IgM and IgA 


development and plasma cell 
differentiation 


CD21 deficiency Mutations in CD21; also known as AR Low IgG; impaired Recurrent infections 
complement receptor 2 and forms antipneumococcal 
part of the CD19 complex response 
TACI deficiency Mutations in TNFRSF13B (TACI); a AD or AR or Low IgG and IgA and/or IgM Variable clinical expression 
TNF receptor family member found complex 
on B cells and is a receptor for 
BAFF and APRIL 
BAFF receptor Mutations in TNFRSF13C (BAFF-R); a AR Low IgG and IgM Variable clinical expression 
deficiency TNF receptor family member found 
on B cells and is a receptor for 
BAFF 
AID deficiency Mutations in A/CDA gene AR IgG and IgA decreased; IgM Bacterial infections, enlarged lymph 
increased nodes, and germinal centers 


Continued 
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TABLE 41.7 Humoral Immune Deficiencies—cont'd 


Genetic Defect/Presumed 
Pathogenesis 
Mutations in UNG AR 


Disease 
UNG deficiency 
Variable 


Selective IgA Unknown 


deficiency 


Inheritance 


Associated Features 
Bacterial infections, enlarged lymph 
nodes, and germinal centers 


Serum IgG 
IgG and IgA decreased; IgM 
increased 


IgA decreased/absent Usually asymptomatic; may have 
recurrent infections with poor 
antibody responses to carbohydrate 
antigens; may have allergies or 
autoimmune disease. A very few 
cases progress to CVID, others 


coexist with CVID in the family 


AD, autosomal dominant; AR, autosomal recessive; BCR, B cell receptor; CVID, common variable immunodeficiency disease; lg, immunoglobulin; 


TNF, tumor necrosis factor; XL, X-linked. 


When the disease affects the lungs it causes an interstitial lung disease 
known as granulomatous and lymphocytic interstitial lung disease 
(GLILD). GLILD is frequently misdiagnosed as sarcoidosis and may 
lead to significant pulmonary fibrosis. The enteropathy that occurs in 
CVID can be confused with celiac disease and can lead to chronic 
diarrhea, protein loss, and poor nutrition. Patients with CVID are also 
at increased risk for inflammatory bowel disease. Liver disease, in par- 
ticular nodular regenerative hyperplasia, is an important cause of mor- 
bidity and mortality in patients with CVID. There is also a markedly 
increased susceptibility to B cell lymphomas in patients with CVID. 
GLILD, enteropathy, lymphoma, and liver disease are independent risk 
factors for early mortality in CVID. 

The diagnosis of CVID requires that age-adjusted serum IgG levels 
be less than 2 standard deviations (SD) below normal values together 
with low serum IgA levels (mg/dL) and/or low serum IgM levels. Spe- 
cific antibody production following immunization with polysaccharide 
antigens (e.g., unconjugated pneumococcal vaccine) is low or absent, 
and responses to protein antigens (e.g., tetanus and diphtheria) may 
be impaired. T cell numbers and function are highly variable, and B 
cell numbers are usually normal but may be low. It is important to 
exclude X-linked agammaglobulinemia, X-linked lymphoproliferative 
disease, or hyper-IgM syndrome as well as other causes of hypogam- 
maglobulinemia, such as hypogammaglobulinemia associated with 
thymoma, hypogammaglobulinemia secondary to  protein-losing 
enteropathy or other protein-losing states, or hypogammaglobulinemia 
secondary to medications before making the diagnosis of CVID. 


Transient Hypogammaglobulinemia of Infancy 


The fetus is capable of producing IgM or IgG by the 20th week of gesta- 
tion when adequately stimulated (intrauterine infection), but under 
normal conditions neonatal levels of IgG are a reflection of prior 
maternal immunity via transplacental passage of maternal IgG. Signifi- 
cant antibody production does not normally begin until the 2nd or 
3rd month of life; elevated IgA and IgM in a newborn can be a sign of 
an intrauterine or perinatal infection. Because maternal antibodies 
have a half-life of approximately 30 days, the term infant may develop 
a variable physiologic hypogammaglobulinemia between the ages of 4 
and 9 months. In transient hypogammaglobulinemia of infancy, the 
immunoglobulin nadir at 6 months of age is accentuated, with immu- 
noglobulin levels less than 200 mg/dL. Immunoglobulin levels remain 
diminished throughout the Ist year of life and usually increase to 
normal, age-appropriate levels, generally by 2-4 years of age. If the 
hypogammaglobulinemia is profound in extent or duration, recurrent 
viral and pyogenic infections can occur. The diagnosis is supported by 
normal levels of both B and T cells, and normal antibody responses to 
protein antigens such as diphtheria and tetanus toxoids. The transient 


nature of this disorder cannot be confirmed, however, until immuno- 
globulin levels return to normal ranges. Most patients do not require 
immune globulin replacement therapy. 


Immunoglobulin A Deficiency 


Selective IgA deficiency is defined as serum IgA levels less than 10 mg/ 
dL with normal levels of other immunoglobulins. The diagnosis 
cannot be confirmed until the patient is at least 4 years of age when 
IgA levels should reach adult levels. Selective IgA deficiency is the most 
common immune disorder, occurring in approximately 1 in 500 indi- 
viduals. Most patients with selective IgA deficiency are asymptomatic. 
In others, it is associated with recurrent sinopulmonary infections, 
food allergy, autoimmune disease, or celiac disease. IgA deficiency 
rarely occurs in families, and can exhibit either autosomal recessive or 
autosomal dominant inheritance with variable penetrance. Antibody 
replacement therapy is not indicated for IgA deficiency. In patients 
with IgA deficiency and increased infections, other reasons for recur- 
rent infection should be sought (atopic disease). Blood products often 
contain IgA and IgA-deficient patients may develop antibodies against 
IgA. Therefore, IgA-deficient patients may be prone to anaphylactic 
reactions upon administration of blood products containing IgA; this 
is a relatively rare complication of IgA deficiency. 


Specific Antibody Deficiency 

Specific antibody deficiency syndrome is characterized by recurrent 
sinopulmonary infections with normal immunoglobulin levels and 
normal lymphocyte numbers and subsets, but a decreased ability to 
make specific antibodies in response to polysaccharide vaccines, such 
as to the 23-valent pneumococcal vaccine. Children less than 2 years 
of age may not respond well to polysaccharide vaccines, so interpreting 
these results must include consideration of the age of the child. The 
pathogenesis of this disorder is unknown. Lack of specific antibody 
titers to polysaccharide vaccines and recurrent sinopulmonary infec- 
tions with encapsulated bacteria may necessitate the use of prophylac- 
tic antibiotics or uncommonly replacement antibody therapy. Specific 
antibody deficiency many times resolves as the child becomes older. 


Hyperimmunoglobulin M Syndrome 


Hyper-IgM syndrome results from a failure of B cells to undergo class 
switching from IgM to IgA, IgG, or IgE. The failure to efficiently class 
switch can result in recurrent infections. Hyper-IgM syndrome was 
first described as a result of defects in CD40 ligand or CD40, although 
these disorders are actually combined immunodeficiency disorders 
and are discussed later. Deficiencies in AID and UNG, 2 enzymes 
involved in class switch recombination, can result in hyper-IgM syn- 
drome without cell-mediated defects (see Table 41.7). 


CHAPTER 41 


COMBINED IMMUNODEFICIENCY DISORDERS 


Disorders of T lymphocytes result in defects in both cell-mediated and 
humoral immunity since T cells are required to activate macrophages 
and to optimally activate B lymphocytes, and thus these disorders are 
often referred to as combined immune deficiencies. Patients with com- 
bined defects in T and B cell function have infections with the usual 
community acquired pathogens as well as opportunistic or unusual 
pathogens, and infections may be more severe or in unusual anatomic 
sites compared to normal individuals (see Table 41.2). In many cases 
they may have other associated problems such as autoimmune prob- 
lems, malignancies, or failure to thrive. 


Severe Combined Immunodeficiency 


Severe combined immunodeficiency (SCID) is a primary immunode- 
ficiency caused by mutations in 1 of several genes whose function is 
essential for the normal development of T cells (Table 41.8). In all 
forms of SCID there are profound abnormalities in T cells and subse- 
quently B cell function is abnormal. Clinical manifestations of SCID 
generally begin within the first 4 months of life with the waning of 
maternal antibody and include failure to thrive, severe bacterial, viral, 
or fungal infections, and intractable diarrhea. Infections with oppor- 
tunistic pathogens such as Pneumocystis jiroveci (carinii) and Crypto- 
sporidium are common. Infections with Candida frequently involve the 
mucous membranes (mouth, esophagus, vagina), face, and diaper area, 
which are difficult to treat. Chronic viral infections including pneu- 
monitis caused by adenovirus or CMV, disseminated varicella and 
measles infections occur. Chronic infection following immunization 
with live viral vaccines (measles, mumps, rubella, varicella, rotavirus) 
are frequent. Fatal, disseminated mycobacterial infection following 
bacille Calmette-Guérin (BCG) vaccination is frequently seen in parts 
of the world that use the BCG vaccine. 

Patients with SCID may have skin disease similar to eczema due 
to graft-versus-host disease (GVHD) from engraftment of maternal 
lymphocytes or Omenn syndrome. Omenn syndrome, a variant form 
of SCID, is characterized by erythroderma and desquamation, lymph- 
adenopathy, hepatosplenomegaly, marked eosinophilia, elevated serum 
IgE, and impaired T cell function and is caused by hypomorphic 
mutations that preserve limited function in SCID-causing genes, 
usually RAGI, RAG2, or Artemis (DCLRE1C). Patients with Omenn 
syndrome have T cells in the periphery, but these T cells are typically 
expanded oligoclonal T cells. Omenn syndrome is fatal unless cor- 
rected by bone marrow transplantation. Patients with SCID are 
extremely susceptible to fatal GVHD from lymphocytes in blood 
transfusions, and these patients should always receive irradiated blood 
products. 

Patients with SCID exhibit severe deficits in immunoglobulin 
synthesis and the responses to specific antigens are impaired. B cells 
may be absent or increased, but a profound decrease in naive T cells 
is always present. The number of T cells in the peripheral blood is 
generally fewer than 10% of normal (<200 cells/mm’), and T cells 
show decreased proliferative responses to mitogens, decreased cyto- 
toxicity, and decreased immunoregulatory activity. SCID is uniformly 
fatal without definitive treatment, which is hematopoietic stem cell 
transplantation (HSCT) or in some cases gene therapy. Newborn 
screening for SCID using the T cell receptor excision circle (TREC) 
assay has been implemented in several states in the United States 
and in an increasing number of countries on a pilot basis. TRECs 
are formed during DNA recombination of the T cell receptor, are 
biomarkers of naive T cells, and can be enumerated on the dried 
blood spots obtained for routine newborn screening tests. The TREC 
assay is highly sensitive at detecting SCID in newborns before life- 
threatening infectious complications occur. Early detection and 
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treatment of newborns with SCID improves long-term survival to 
greater than 90%. 

X-linked recessive SCID, which is caused by mutations in the 
common gamma chain of the IL-2 receptor gene (IL2RG), is the most 
common form of SCID (see Table 41.8). The IL2RG protein is shared 
by several interleukin receptors (IL-2, IL-4, IL-7, IL-9, IL-15, and 
IL-21). The lack of T and NK cells is due to defective signaling through 
the IL-7 and IL-15 receptors, respectively. IL-21 is required for efficient 
B cell function. Female carriers can be identified because lymphocytes 
and natural killer cells exhibit nonrandom inactivation of the X 
chromosome. 

Autosomal recessive SCID is less common than X-linked SCID, 
and is caused by many different genetic defects that can be broken 
down based on the cell types that are lacking. A lack of T cells but not 
B cells is seen in genetic defects in T cell signaling proteins including 
JAK3, IL7R, and CD3 subunits (see Table 41.8). A lack of T and B cells 
is seen in defects in genes that affect DNA recombination, which is 
required to generate T and B cell receptors, including RAGI, RAG2, 
and DCLREIC (artemis) (see Table 41.8). Adenosine deaminase 
(ADA) deficiency, an autosomal recessive trait, results in an inability 
to catalyze the conversion of adenosine and deoxyadenosine to inosine 
and deoxyinosine, respectively. Deficiency of ADA results in the accu- 
mulation of deoxyadenosine and deoxy-ATP which is toxic to lympho- 
cytes, resulting in loss of T, B, and NK cells. Regardless of the genetic 
cause of SCID, all patients have extremely low numbers of naive T cells 
and all exhibit the typical clinical features in terms of susceptibility to 
infection, failure to thrive, and 100% mortality without definitive 
treatment. 


COMBINED IMMUNE DEFICIENCIES 


Combined immunodeficiencies are genetic defects that result in defec- 
tive T cell function with or without intrinsic B cell abnormalities (Table 
41.9). Because T cell function is abnormal, B cell function is also com- 
promised leading to a combined immunodeficiency, albeit less severe 
than SCID. 

Hyperimmunoglobulin M (hyper-IgM) syndrome is characterized 
by normal or increased concentrations of IgM and IgD but decreased 
levels or absence of IgG, IgA, and IgE (see Table 41.9). The most 
common form of these disorders is X-linked hyper-IgM syndrome, 
which is due to a mutation in the gene encoding the T cell surface 
protein CD40 ligand (CD40L). A rarer, autosomal recessive form of 
this disorder is caused by mutations in the CD40 gene, which is 
expressed on the surface of B cells and antigen-presenting cells (see 
Table 41.9). The CD40/CD40L pathway is essential for B cell isotype 
switching, which allows a B cell to maintain antigen specificity while 
altering immunoglobulin function. This switching is directed by cyto- 
kines and interaction between CD40 ligand on CD4 T cells and 
CD40 on B cells. All patients with hyper-IgM syndrome due to genetic 
defects in CD40L or CD40 have increased susceptibility to sinopul- 
monary infections with pyogenic bacteria. These individuals are also 
susceptible to opportunistic infections including P. jiroveci (carinii) 
and Cryptosporidium parvum. Signaling via CD40 on B cells accounts 
for the defects in antibody production and class switching, while 
defective CD40 signaling in phagocytes and antigen-presenting cells 
accounts for the susceptibility to opportunistic pathogens. In addi- 
tion, as many as 50% of patients with CD40L deficiency will exhibit 
neutropenia. 

Signal transduction via CD40 activates several signaling molecules 
and transcription factors, including nuclear factor-kB (NF-K«B), 
and 2 enzymes, activation-induced cytidine deaminase (AID) and 
uracil DNA-glycosylase (UNG), which are also required for class 
switching. Damaging mutations in AID or UNG cause a failure of 
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TABLE 41.8 Severe Combined Immunodeficiency (SCID) 


Disease 
yc Deficiency 


JAK3 deficiency 
IL7Ro deficiency 


CD45 deficiency 
CD36 deficiency 


CD3e deficiency 


CD3¢ deficiency 


Genetic Defect/ 

Pathogenesis 

Mutation of /L-2AG: defect in y 
chain of receptors for IL-2, -4, 
-7, -9, -15, -21 

Mutation of JAK3: defect in 
Janus-activating kinase 3 

Mutation of /L7RA: defect in IL-7 
receptor chain 

Mutation of PTPRC: defect in CD45 

Mutation of CD3D; defect in CD38 
chain of T cell antigen receptor 
complex 

Mutation of CD3E: defect in CD3e 
chain of T cell antigen receptor 
complex 

Mutation of CD3Z: defect in CD3C 
chain of T cell antigen receptor 
complex 


Inheritance 


XL 


AR 


AR 


AR 
AR 


AR 


AR 


Circulating 
T Cells 


Markedly decreased 


Markedly decreased 


Markedly decreased 


Markedly decreased 
Markedly decreased 


Markedly decreased 


Markedly decreased 


SCID Characterized by Lack of T and B Cells (DNA Recombination Defects) 


Disease 
RAG 1 deficiency 


RAG 2 deficiency 


DCLRE1C (artemis) 
deficiency 


DNA PKcs 
deficiency 


Reticular 
dysgenesis, AK2 
deficiency 

Adenosine 
deaminase 
(ADA) deficiency 


Genetic Defect/ 

Pathogenesis 

Mutation of RAG1: defective VDJ 
recombination; defect of 
recombinase activating gene 
(RAG) 1 

Mutation of RAG2: defective VDJ 
recombination; defect of 
recombinase activating gene 
(RAG) 2 

Mutation of ARTEMIS: defective 
VDJ recombination; defect in 
artemis DNA recombinase repair 
protein 

Mutation of PKADC: defective VDJ 
recombination; defect in DNA 
PKcs recombinase repair protein 

Mutation of AK2: defective 
maturation of lymphoid and 
myeloid cells (stem cell defect) 

Mutations in ADA: defective ADA 
activity 


Inheritance 


AR 


AR 


AR 


AR 


AR 


AR 


Circulating T 
Cells 


Markedly decreased 


Markedly decreased 


Markedly decreased 


Markedly decreased 


Markedly decreased 


Absent from birth or 
progressive 


AR, autosomal recessive; lg, immunoglobulin; NK, natural killer cell; XL, X-linked. 


Circulating 
B Cells 


Normal or 
increased 


Normal or 
increased 


Normal or 
increased 


Normal 
Normal 


Normal 


Normal 


Circulating 
B Cells 


Markedly 
decreased 


Markedly 
decreased 


Markedly 
decreased 


Markedly 
decreased 


Decreased or 
normal 


Decreased or 
normal 


Serum Ig 
Decreased 


Decreased 


Decreased 


Decreased 
Decreased 


Decreased 


Decreased 


Serum lg 
Decreased 


Decreased 


Decreased 


Decreased 


Decreased 


Decreased 


Associated 
Features 


Markedly decreased NK 
cells 


Markedly decreased NK 
cells 


Normal NK cells 


Normal y/ó T cells 


Normal NK cells, no y/ó 
T cells 


Normal NK cells, no y/ó 
T cells 


Normal NK cells, no y/ó 
T cells 


Associated 
Features 


Radiation sensitivity 


Radiation sensitivity, 
microcephaly, and 
developmental defects 


Granulocytopenia and 
deafness 


Decreased NK cells, 
often with 
costochondral junction 
defects, neurologic 
features, partial ADA 
activity may result in 
delayed or milder 
presentation 
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SECTION 9 Infectious Diseases 


immunoglobulin isotype switching without opportunistic infections 
since these proteins function only in isotype class switching and not 
cell-mediated immunity. 

The hyper-IgM phenotype is seen in a number of primary immune 
deficiencies including an X-linked immunodeficiency associated with 
ectodermal dysplasia resulting from defects in the gene encoding the 
NF-KB essential modulator (NEMO). NF-«B signaling is important 
for function of both innate and adaptive immune systems. Therefore, 
patients with defects in NEMO have a combined immunodeficiency 
and are susceptible to a wide spectrum of viruses and bacteria, in 
particular pyogenic bacteria (e.g., S. pneumoniae, H. Influenzae) and 
atypical mycobacteria. Gain-of-function mutations in the catalytic 
domain of PI3 kinase (PIK3CD) can also lead to a hyper-IgM pheno- 
type. PIK3CD is expressed in B cells and T cells, and therefore gain- 
of-function mutations in PIK3CD lead to the constitutive activation 
of PI3 kinase resulting in impaired T cell and B cell function. These 
patients present with recurrent sinopulmonary infections and have an 
increased susceptibility to infection with herpes viruses. Autoimmu- 
nity, lymphoproliferation (including an increased incidence of B cell 
lymphomas), and structural lung diseases commonly occur. 


Purine Nucleoside Phosphorylase Deficiency 


Purine nucleoside phosphorylase (PNP) is an enzyme that follows 
adenosine deaminase in the purine salvage pathway and catalyzes 
the conversion of inosine and guanosine to hypoxanthine and guanine, 
respectively (see Table 41.9). PNP deficiency, which is inherited as 
an autosomal recessive disorder, leads to the intracellular buildup 
of deoxy-guanosine triphosphate (deoxy-GTP), which is toxic to 
rapidly dividing cells. Although PNP is ubiquitously expressed, PNP 
deficiency affects T cells and not B cells and leads to T cell lym- 
phopenia with preserved numbers of B cells. Although serum immu- 
noglobulins are usually normal, specific antibody production is 
impaired. A low serum uric acid level is suggestive of PNP deficiency. 
Patients with PNP deficiency are predisposed to infection with 
common and opportunistic pathogens. Autoimmunity and neurologic 
manifestations are also common. The only curative treatment for 
PNP deficiency is HSCT. 


Hyperimmunoglobulin E Syndrome 


Classic hyperimmunoglobulin E syndrome (HIES), also known as Job 
syndrome is an autosomal dominant disorder caused by mutations in 
STAT3, an important signaling molecule required for the signaling of 
several cytokines such as IL-6 and IL-10 (see Table 41.9). Classic HIES 
is characterized by markedly elevated levels of serum IgE, early onset, 
severe eczematous dermatitis, recurrent bacterial infections (skin, 
respiratory tract, bone), and chronic candidiasis (thrush, onychomy- 
cosis). Other associated features include coarse facial features, mani- 
fested by a broad nasal bridge, prominent nose, dental abnormalities, 
and irregular proportional cheeks and jaw. The eczematous rash is 
typically papular and pruritic, involving the face and extensor surfaces 
of arms and legs and may start at birth or soon thereafter. The skin 
abscesses typically due to S. aureus are remarkable for their absence of 
surrounding erythema or warmth, leading to term of “cold abscesses.” 
By 5 years of age, all patients have had a history of recurrent skin 
abscesses and recurrent pneumonias with pneumatoceles, along with 
chronic otitis media and sinusitis. Patients may also develop septic 
arthritis, cellulitis, or osteomyelitis. Fungal infections with Candida 
albicans and Aspergillus species occur. Serum IgE levels typically exceed 
2500 IU/mL. Usually, patients with HIES have normal concentrations 
of IgG, IgA, and IgM, and frequently have eosinophilia. The clinical 
manifestations of DOCK8 deficiency display considerable overlap 
with classic HIES, with high IgE levels, eczema, and recurrent 


infections (see Table 41.9). However, patients with DOCK8 deficiency 
typically lack pneumatoceles, and bone and tooth abnormalities. The 
optimal treatment of classic HIES is largely supportive and includes 
antimicrobial therapy and, in selected patients, replacement antibody. 
In contrast, HSCT is curative for DOCK8 deficiency. 


IMMUNODEFICIENCIES WITH 
SYNDROMIC FEATURES 


Several genetic defects that affect the immune system also affect other 
organ systems and thus represent a clinical syndrome (Table 41.10). A 
careful history and exam can lead a clinician to the diagnosis. Most of 
these conditions present with combined T and B cell defects. 


Wiskott-Aldrich Syndrome 


Wiskott-Aldrich syndrome (WAS) is an X-linked recessive disorder 
caused by mutation in the gene that encodes the protein Wiskott- 
Aldrich syndrome protein or WASP. WASP controls the assembly of 
actin filaments and intracellular vesicle transport in lymphocytes and 
megakaryocytes. WAS is characterized by abnormalities in lymphocyte, 
platelet, and phagocyte function (see Table 41.10). Classic WAS is 
characterized by the triad of recurrent infections involving encapsu- 
lated bacteria and opportunistic pathogens, hemorrhage secondary to 
thrombocytopenia and platelet dysfunction, and atopic dermatitis. 
Mutations in the WAS gene can also cause X-linked neutropenia and 
X-linked thrombocytopenia. The clinical manifestations of WAS begin 
in early infancy with pneumonia, otitis media, meningitis, and bleed- 
ing. Patients are susceptible to recurrent and severe infections with 
encapsulated bacteria and viruses (herpes simplex virus, varicella, EBV, 
CMV). Fungal and pneumocystis infections may occur as well. Auto- 
immunity is common and includes cytopenias, vasculitis, arthritis, and 
inflammatory bowel disease. Patients are also susceptible to malig- 
nancy, in particular lymphoreticular malignancies. In classic WAS 
there is thrombocytopenia with abnormally small platelets. Deficiency 
of this protein results in elevated levels of IgE and IgA, decreased IgG 
and/or IgM, poor responses to polysaccharide antigens, and waning T 
cell function. One-third of patients with Wiskott-Aldrich syndrome 
die as a result of hemorrhage, and two-thirds die as a result of recurrent 
infection caused by bacteria, cytomegalovirus, P. jiroveci (carinii), or 
herpes simplex virus. In classic WAS the only curative therapy is hema- 
topoietic stem cell transplantation. 


Ataxia-Telangiectasia 


Ataxia-telangiectasia (AT) is an autosomal recessive disorder charac- 
terized by neurologic dysfunction, endocrine abnormalities, oculocu- 
taneous telangiectasia, immunodeficiency, and radiation sensitivity 
with a high rate of malignancy (see Table 41.10). The defective gene is 
the ataxia-telangiectasia mutated gene (ATM) that encodes for a phos- 
phatidylinositol 3-kinase involved in sensing DNA damage and DNA 
repair. Cerebellar ataxia is usually the 1st clinical manifestation, occur- 
ring when the child begins to walk. The patient’s neurologic status 
often worsens, and choreoathetosis and oculomotor abnormalities 
develop. Telangiectasias first appear in the bulbar conjunctivae between 
2 and 5 years of age and later spread to areas of trauma. Endocrine 
abnormalities, such as insulin-resistant diabetes mellitus and hypogo- 
nadism are common. There is a 15% risk of malignancy with non- 
Hodgkin lymphoma being the most common. Patients with 
ataxia-telangiectasia are extremely sensitive to ionizing radiation, and 
radiographic studies should be avoided if possible. Radiation sensitiv- 
ity accounts for the high incidence of chromosomal translocations 
involving chromosomes 7 and 14 at the site of T cell receptor genes 
and immunoglobulin heavy-chain genes. 
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SECTION 9 Infectious Diseases 


The degree of immunodeficiency in AT is quite variable and may 
include abnormalities in T cells and B cells. Respiratory tract disease 
is an important cause of morbidity and mortality and includes sino- 
pulmonary infection with encapsulated organisms, interstitial lung 
disease, and lung disease associated with neuromuscular deficits 
including recurrent aspiration. Opportunistic respiratory tract infec- 
tions are uncommon. There is no curative therapy for AT, although 
antimicrobial prophylaxis and intravenous immunoglobulin (IVIG) 
replacement is used to prevent infections. 


DiGeorge Syndrome (22g Deletion Syndrome) 
and Other Thymic Defects 


DiGeorge syndrome is a disorder caused in the majority of cases by 
microdeletion at chromosome 22q11.2, although a deletion at a 2nd 
loci at chromosome 10p13 results in a similar clinical picture. DiGeorge 
syndrome, also known as velocardiofacial syndrome or CATCH 22 
syndrome (cardiac anomalies, abnormal facies, thymic hypoplasia, 
cleft palate, and hypocalcemia), is characterized by a constellation of 
clinical features that include dysmorphic facies, hypoparathyroidism, 
congenital heart defects, and T cell lymphopenia (see Table 41.10). The 
clinical anomalies are caused by maldevelopment of structures derived 
from the 1st through the 6th branchial pouches during embryogenesis, 
resulting in variable hypoplasia of the thymus, parathyroid glands, 
face, ears, aortic arch, and heart. Congenital heart defects include 
truncus arteriosus, ventricular septal defect, interrupted aortic arch, 
and tetralogy of Fallot. Hypocalcemia with tetany is often the initial 
problem in the Ist and 2nd months after birth. Facial abnormalities 
include microstomia, hypertelorism, and low-set ears. 

The degree of immunodeficiency is highly variable and related to 
the extent of residual thymic function. In complete DiGeorge syn- 
drome, which occurs in less than 1% of patients, severe T cell defi- 
ciency leads to a disorder resembling SCID with failure to thrive, and 
recurrent infections with opportunistic organisms (P. jiroveci, viruses, 
and fungi). In contrast, many other patients with DiGeorge exhibit 
relatively normal immune function or relatively minor immunodefi- 
ciency (incomplete DiGeorge syndrome). Autoimmunity, including 
autoimmune cytopenias, is common. The total T cell count may vary 
from severely depressed to normal. No correlation has been shown 
between severity of congenital defects and the severity of immunode- 
ficiency, and immune function often improves with age. 

The diagnosis is established by chromosomal microarray or fluo- 
rescent in situ hybridization to detect the usual deleted region in 
chromosome 22q11.2. Approximately 10% of patients have hypogam- 
maglobulinemia with a minority requiring antibody replacement 
therapy. Importantly, due to intrinsic defects in the thymus, patients 
with DiGeorge syndrome cannot be treated with hematopoietic stem 
cell transplantation, although transfer of mature T cells during trans- 
plant may confer some immune function. 

CHARGE syndrome (coloboma, heart anomaly, choanal atresia, 
retardation, genital and ear anomalies) is related to DiGeorge syn- 
drome since both involve thymic aplasia. Mutations in CHD7 are the 
most common known cause of CHARGE syndrome, although muta- 
tions in SEMA3E are found in a minority of patients (see Table 41.10). 
The degree of immunodeficiency is related to the extent of thymic 
hypoplasia and T cell numbers, and can be highly variable. Similar to 
DiGeorge syndrome, some mutations of CHD7 are a cause of SCID 
with a profound T cell lymphopenia. 


Cartilage-Hair Hypoplasia 

Cartilage-hair hypoplasia (CHH) is an autosomal recessive disease 
caused by mutations in the ribonuclease mitochondrial RNA- 
processing (RMRP) gene. CHH is characterized by metaphyseal 


dysostosis, sparse and thin hair, and variable immunodeficiency (see 
Table 41.10). Lymphocyte counts over time become low in all patients 
due to low numbers of T cells. Proliferative responses to mitogens are 
generally depressed, and immune function may deteriorate with time. 
The immunodeficiency can range from mild to severe, but in many 
affected patients it is relatively mild. Patients benefit most from replace- 
ment immunoglobulin. Patients may have moderate to severe neutro- 
penia, making them susceptible to both viral and bacterial infections. 


COMPLEMENT SYSTEM DEFICIENCIES 


The complement system consists of plasma and membrane proteins 
that function in the innate immune response as well as facilitating 
adaptive immunity. Complement proteins can kill pathogens with or 
without antibodies, opsonize pathogens to facilitate their uptake by 
phagocytes, or mediate inflammation. The complement system can be 
activated through 3 pathways—the classical, alternative, or lectin 
pathways—that involve the sequential activation of complement 
factors resulting in an amplified response. Disorders of the comple- 
ment system predispose to recurrent infection, autoimmunity, and 
angioedema (Table 41.11). 

The 3 pathways for complement activation are initiated by different 
mechanisms. The classical pathway is activated by antigen-antibody 
complexes. The alternative pathway may be activated by C3b generated 
through the classical pathway or by spontaneous hydrolysis of C3 on 
microbial surfaces. The lectin pathway is initiated by the interaction of 
mannose-binding lectin with microbial carbohydrate. Activation of the 
classical pathway by an antigen-antibody complex is initiated by 
the binding of Clq to the Fc portion of an antibody molecule in the 
immune complex. Clr autoactivates and cleaves Cls, which cleaves C4 
and then C2, forming the C3 convertase, C4b2b. C4b2b is activated by 
the lectin pathway when mannose-binding protein binds to sugar resi- 
dues on the surface of pathogens, and mannose-binding protein- 
associated proteases (MASP) cleave C4 and C2. The alternative pathway 
is always active at a low level and is amplified when active C3 binds to 
a surface that lacks regulatory proteins. C3b generated from C3 binds 
to factor B, which is cleaved by factor D to form the alternative pathway 
C3 convertase, C3bBb. Properdin binds to and stabilizes the C3 con- 
vertase. The C3 convertase can cleave C3 resulting in further C3b 
deposition and activation of the alternative pathway, which acts as an 
amplification loop by generating more C3b, or it can form the C5 
convertase, which initiates the formation of a membrane attack 
complex (MAC). The MAC is a complex of C5b, C6, C7, C8, and 
several C9 molecules that is common to all 3 pathways. The MAC 
generates pores in the cell membrane, leading to lysis of the cells. 

C3a and C5a produced by cleavage of C3 and C5 respectively, 
release histamine from mast cells and basophils, leading to increased 
vascular permeability and smooth muscle contraction. In addition, 
C5a has chemotactic activity, attracting phagocytes to the site of com- 
plement activation, and it can cause degranulation of phagocytic cells. 
C3b acts as an opsonin when attached to the surface of a pathogen by 
binding to phagocytes. 

The complement system is under tight regulation because it has 
potent inflammatory activity and the potential to cause significant 
damage to host cells, and therefore there are a number of complement 
regulatory proteins. C1 inhibitor regulates the cascade by blocking 
active sites on Clr, Cls, and the MASP. Factor I destabilizes C3 con- 
vertase complexes and degrades the active fragments. Other inhibitors 
include membrane proteins, such as decay accelerating factor (DAF), 
CR1, membrane cofactor protein (MCP), and plasma proteins such as 
C4 binding protein. Formation of the MAC can be blocked by cell 
surface CD59. Deficiency of any of these regulatory proteins can result 


TABLE 41.11 


Disease 
C1q deficiency 


Cir deficiency 


C1s deficiency 


C4 deficiency 


C2 deficiency 


C3 deficiency 


C5 deficiency 

C6 deficiency 

C7 deficiency 

C8 ay deficiency 
C8b deficiency 

C9 deficiency 


C1 inhibitor deficiency 


Factor B 
Factor D deficiency 
Properdin deficiency 


Factor | deficiency 


Factor H deficiency 


MASP1 deficiency 


Complement Defects 


Genetic Defect/Presumed 

Pathogenesis 

Mutation in C70A, C10B, C10C: 
classical complement pathway 
components 


Mutation in C1R: classical 
complement pathway 
component 

Mutation in C7S: classical 
complement pathway 
component 

Mutation in C4A, C4B: classical 
complement pathway 
components 


Mutation in C2: classical 
complement pathway 
component 

Mutation in C3: central 
complement component 


Mutation in C5: terminal 
complement component 
Mutation in C6: terminal 
complement component 
Mutation in C7: terminal 
complement component 
Mutation in C8A, C8G: terminal 
complement components 
Mutation in C8B: terminal 
complement component 
Mutation in C9: terminal 
complement component 
Mutation in C1NH: regulation of 
kinins and complement 
activation 


Mutation in CFB: activation of the 
alternative pathway 

Mutation in CFD: regulation of the 
alternative complement pathway 

Mutation in CFP: regulation of the 
alternative complement pathway 

Mutation in CFI: regulation of the 
alternative complement pathway 


Mutation in CFH: regulation of the 
alternative complement pathway 


Mutation in MASP7: cleaves C2 
and activates MASP2 


Inheritance 
AR 


AR 


AR 


AR 


AR 


AR, gain-of- 


function AD 


AR 


AR 


AR 


AR 


AR 


AR 


AD 


AD 


AR 


XL 


AR 


AR 


AR 


Functional Defect 


Absent CH50 hemolytic activity; 
defective activation of the classical 
pathway, diminished clearance of 
apoptotic cells 

Absent CH50 hemolytic activity; 
defective activation of the classical 
pathway 

Absent CH50 hemolytic activity; 
defective activation of the classical 
pathway 

Absent CH50 hemolytic activity; 
defective activation of the classical 
pathway, defective humoral immune 
response to carbohydrate antigens in 
some patients 

Absent CH50 hemolytic activity; 
defective activation of the classical 
pathway 

Absent CH50 and AH50 hemolytic 
activity; defective opsonization, 
defective humoral immune response 

Absent CH50 and AH50 hemolytic 
activity; defective bactericidal activity 

Absent CH50 and AH50 hemolytic 
activity; defective bactericidal activity 

Absent CH50 and AH50 hemolytic 
activity; defective bactericidal activity 

Absent CH50 and AH50 hemolytic 
activity; defective bactericidal activity 

Absent CH50 and AH50 hemolytic 
activity; defective bactericidal activity 

Reduced CH50 and AH50 hemolytic 
activity; deficient bactericidal activity 

Spontaneous activation of the 
complement pathway with 
consumption of C4/C2; spontaneous 
activation of the contact system with 
generation of bradykinin from high 
molecular weight kininogen 

Gain-of-function mutation with 
increased spontaneous AH50 


Absent AH50 hemolytic activity 


Absent AH50 hemolytic activity 


Spontaneous activation of the 
alternative complement pathway with 
consumption of C3 


Spontaneous activation of the 
alternative complement pathway with 
consumption of C3 


Deficient activation of the lectin 
activation pathway, cell migration 


Associated Features 


SLE, infections with encapsulated 
organisms 


SLE, infections with encapsulated 
organisms 


SLE, infections with encapsulated 
organisms 


SLE, infections with encapsulated 
organisms 


SLE, infections with encapsulated 
organisms, atherosclerosis 


Infections; glomerulonephritis, 
aHUS with gain-of-function 
mutations 


Neisserial infections 
Neisserial infections 
Neisserial infections 
Neisserial infections 
Neisserial infections 


Mild susceptibility to neisserial 
infections 


Hereditary angioedema 


aHUS 
Neisserial infections 
Neisserial infections 


Infections, neisserial infections, 
aHUS, preeclampsia, 
membranoproliferative 
glomerulonephritis 

Infections, neisserial infections, 
aHUS, preeclampsia, 
membranoproliferative 
glomerulonephritis 


Infections, 3MC syndrome 


AD, autosomal dominant; aHUS, atypical hemolytic uremic syndrome; AR, autosomal recessive; SLE, systemic lupus erythematosus; XL, 


X-linked. 
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in an inflammatory response, tissue damage, or excessive complement 
consumption. Deficiency in the expression of CD59 results in parox- 
ysmal hemoglobinuria. Deficiencies in the complement regulatory 
proteins (factor H, factor I, and MCP) result in atypical hemolytic 
uremic syndrome, membranoproliferative glomerulonephritis type II, 
and have been linked to age-related macular degeneration (see Table 
41.11). 

Although protein deficiencies or abnormalities have been identified 
for components in the classical complement pathway, the severity and 
the type of infection vary because of the considerable overlap between 
the 2 pathways (see Table 41.11). Disorders of complement proteins 
can result from inherited deficiency or can be secondary to increased 
consumption. Deficiencies of early components of the classical pathway 
(C1, C2, or C4) are not usually associated with severe infections, 
although patients with C2 deficiency may present with recurrent respi- 
ratory tract infections with encapsulated bacteria. Patients with C1, C2, 
or C4 deficiency are susceptible to autoimmune diseases, especially 
systemic lupus erythematosus. The exact mechanism of this suscepti- 
bility is not known but is thought to arise from the role of these early 
components in clearing immune complexes. Deficiency of C3, the 
major opsonin, due to a genetic defect or secondary to excessive con- 
sumption or protein loss (e.g., nephrotic syndrome, systemic lupus 
erythematosus) predisposes patients to infections, especially with 
encapsulated organisms. Deficiency of 1 of the terminal components 
that compose the MAC or properdin predisposes patients to invasive 
infections (e.g., Meningitis, septicemia) with Neisseria meningitidis and 
Neisseria gonorrhoeae. Complement deficiency may be found in 40% 
of patients presenting with recurrent neisserial infections, particularly 
with meningococcal disease caused by uncommon serogroups (see 
Table 41.11). 

C1 inhibitor deficiency causes hereditary angioedema, an autoso- 
mal dominant disorder that results in dysregulation of the classical 
complement pathway. After minor trauma, affected patients develop 
local angioedema without urticaria, pain, or erythema. The angio- 
edema may be severe and untreated leads to significant morbidity and 
mortality. Angioedema involving the larynx or upper airways can be 
life-threatening, and involvement of the bowel leads to abdominal 
pain, vomiting, and diarrhea. Lack of inhibition of plasma kallikrein 
by C1 inhibitor and dysregulated production of bradykinin is the cause 
of the angioedema. Treatment of hereditary angioedema includes 
administration of C1 inhibitor, administration of a pharmacologic 
inhibitor of plasma kallikrein (ecallantide), or administration of a 
bradykinin B,-antagonist (icatibant). 


Diagnosis of Complement Deficiencies 


The CH50 test is a widely available test of classical complement 
pathway function based on an antibody-dependent hemolytic assay. 
The CH50 test depends on the function of all 9 complement proteins, 
C1 through C9. The AH50 test, which activates the alternative pathway, 
depends on the alternative pathway components and C5-C9. An 
abnormal CH50 but not AH50 are consistent with defects in Cl, C2, 
or C4. Alternatively, an abnormal AH50 but normal CH50 indicates a 
defect in properdin or factor B. Abnormal results of both tests indicate 
a deficiency in a terminal component common to both pathways (C3, 
C5-C9). If the CH50 or AH50 levels are abnormal, individual compo- 
nents can be analyzed in specialized laboratories. In hereditary 
angioedema, C4 levels are generally low, but C3 levels are normal. 
Determination of C1 inhibitor levels and/or function is needed to 
definitively diagnose hereditary angioedema. Low C3 and C4 levels are 
seen when the classical pathway is activated (e.g., systemic lupus ery- 
thematosus), whereas activation of the alternative pathway character- 
istically results in low C3 levels and normal C4 levels. 


Specific treatment of complement deficiencies with component 
replacement is not available. Frequent courses of antibiotics or pro- 
phylactic antibiotics have been utilized. Immunization of patients and 
close contacts with pneumococcal and meningococcal vaccines may be 
useful, but infections may still occur in immunized complement- 
deficient patients. Replacement of complement proteins by plasma 
transfusion has been used in some patients with C2 deficiency, factor 
H deficiency, or factor I deficiency. MCP deficiency presenting with 
atypical hemolytic uremic syndrome is treated with renal transplanta- 
tion since it is a membrane protein. 


PHAGOCYTE DISORDERS 


Neutrophils are important in protecting the skin, mucous membrane, 
and the lining of the respiratory and gastrointestinal tracts. They form 
the Ist line of defense against microbial invasion. During the critical 
lst 2-4 hours after tissue invasion by pathogenic organisms, the arrival 
of phagocytic cells at the site of infection is crucial for the containment 
of the infection, limiting the size of the local lesion, and preventing 
dissemination. Monocytes/macrophages are also important in cell- 
mediated immunity, and in response to T cell cytokines (IFN-Y), these 
cells become effective killers of intracellular pathogens. 

Neutrophils develop in the bone marrow from hematopoietic stem 
cells, and upon leaving the bone marrow mature neutrophils are found 
in the circulation or roll along the endothelium (known as the mar- 
ginating pool). Adhesion molecules are necessary for neutrophils to 
roll and adhere to vascular endothelium and extravasate from the 
blood into sites of infection, where they phagocytose and kill patho- 
gens, especially those coated by complement or antibodies. Chemotac- 
tic factors, including the complement fragment C5a, IL-8, leukotriene 
B,, and bacterial formylated peptides (fMLP) mobilize neutrophils to 
enter tissues and sites of infections. Once in tissues these cells ingest 
the offending organisms (phagocytosis), and activate biochemical 
pathways important in intracellular microbial killing (degranulation 
and oxidative metabolism). The respiratory burst consists of the de 
novo synthesis of highly toxic and often unstable derivatives of molec- 
ular oxygen. Degranulation is the process by which lysosomal granules, 
containing preformed polypeptide antibiotics and proteases, fuse with 
the phagocytic vacuoles containing the ingested microbes. 

Patients with neutrophil disorders are susceptible to a variety of 
bacterial infections and certain fungi. Infections associated with neu- 
trophil disorders include infections of mucosal surfaces (e.g., respira- 
tory tract infections, rectal and vaginal infections, gingivostomatitis), 
abscesses in the skin and viscera, lymphadenitis, poor wound healing, 
delayed umbilical cord separation, or absence of pus. 


Disorders of Neutrophil Numbers 


Neutropenia is defined as an absolute neutrophil count (ANC) less 
than 1500/mm)‘ for children 1 year of age or older, although African- 
American children can have lower neutrophil numbers. The suscepti- 
bility to infection is minimally increased until the ANC is less than 
1000/mm?’. Most patients do well with an ANC greater than 500/mm’. 
At these levels, localized infections are more common than generalized 
bacteremia. Serious bacterial infections are more common with an 
ANC less than 200/mm’. Neutropenia may be congenital and caused 
by mutations in several genes (Table 41.12) or acquired (e.g., 
autoimmune neutropenia, drug reactions, marrow replacement with 
cancer cells). 


Inherited Forms of Neutropenia 


Severe congenital neutropenia (Kostmann syndrome) is an autosomal 
recessive disorder caused by mutations in the HCLS-associated protein 


CHAPTER 41 


X-1 (HAX1) gene and is characterized by severe persistent neutropenia 
(absolute neutrophil count <500 cells/mm’) and recurrent bacterial 
infections (Table 41.12). Affected patients often have increased plasma 
concentrations of granulocyte colony-stimulating factor (G-CSF) as 
well as circulating eosinophils and monocytes. In severe congenital 
neutropenia, the neutrophil counts increase in response to exogenous 
G-CSF despite the elevated level of G-CSF at baseline. 

Autosomal dominant inherited mutations in the elastase 2 gene 
(ELA2) are the most common cause of cyclic neutropenia although 
the disorder may present as persistent neutropenia as well. In the cyclic 
form of neutropenia, there are periodic episodes of profound neutro- 
penia (absolute neutrophil counts <200 cells/mm’), generally lasting 
3-6 days and occurring in 21-day cycles (see Table 41.12). During the 
episodes of neutropenia, individuals develop aphthous ulcers, gingivi- 
tis, stomatitis, and cellulitis. Death from overwhelming infection with 
Clostridium perfringens occurs in about 10% of patients. 

Severe congenital neutropenia, which may be either persistent or 
cyclic, is also seen in Shwachman-Diamond syndrome, an autosomal 
recessive syndrome of pancreatic insufficiency accompanying bone 
marrow dysfunction. Metaphyseal dysostosis and dwarfism may occur. 
A gain-of-function mutation in the Wiskott-Aldrich syndrome protein 
has also been associated with an X-linked form of severe congenital 
neutropenia. Severe congenital neutropenia may be associated with 
SCID in reticular dysgenesis, a disorder of hematopoietic stem cells 
affecting all bone marrow lineages due to mutations in the AK2 gene. 

The mainstay of treatment of all congenital neutropenias is 
recombinant human granulocyte colony-stimulating factor (rhG- 
CSF). Approximately 10% of patients with the diagnosis of severe 
congenital neutropenia and Shwachman-Diamond syndrome develop 
myelodysplasia/acute myelogenous leukemia. No cases of malignant 
transformations have been observed in patients with either cyclic 
or idiopathic neutropenia. 


Acquired Neutropenia 


Isoimmune neutropenia occurs in neonates as the result of transpla- 
cental transfer of maternal antibodies to fetal neutrophil antigens. The 
mother produces antibodies to specific neutrophil antigens on the 
surface of fetal leukocytes that are inherited from the father and are 
not present on maternal cells. Isoimmune neonatal neutropenia, 
similar to isoimmune anemia and thrombocytopenia, is a transient 
process that resolves as maternal antibodies wane. Cutaneous infec- 
tions are common, and sepsis is rare. Early treatment of infection while 
the infant is neutropenic is the major goal of therapy. Intravenous 
immune globulin may decrease the duration of neutropenia. Auto- 
immune neutropenia usually develops in children 5-24 months of age. 
Neutrophil autoantibodies may be IgG, IgM, IgA, or a combination of 
these. Usually, the condition spontaneously resolves in 6 months to 4 
years. Although intravenous immune globulin and corticosteroids 
have been used, most patients respond to G-CSF. 


Disorders of Neutrophil Adhesion and Chemotaxis 


Leukocyte adhesion deficiency type 1 (LAD-1) is an autosomal 
recessive inherited disorder resulting from mutations in the gene 
encoding the B, integrin CD18. CD18 is the common f-subunit of 
lymphocyte function-associated antigen-1 (LFA-1) (CD1la/CD18), 
Mac-1 (CD11b/CD18), and P150,95 (CD11c/CD 18), proteins that are 
expressed on lymphocytes, monocytes/macrophages, and neutrophils, 
respectively. Diminished or absent surface expression of these proteins 
accounts for a profound impairment of neutrophil and monocyte cell 
migration and phagocytosis. The severity of the immunodeficiency is 
dependent on the level of expression of CD18. Infants affected with 
this disorder may present in early infancy with failure of separation of 
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the umbilical cord (often 2 months after birth) with attendant ompha- 
litis and sepsis (see Table 41.12). Cutaneous, respiratory, gingival, and 
mucosal infections are common, and sepsis may lead to death in early 
childhood. Due to a failure of neutrophils to adhere normally to vas- 
cular endothelium (marginate), absolute neutrophil counts are usually 
greater than 20,000/mm* even when patients are not infected. The 
diagnosis of LAD-1 can be made measuring the amount of LFA-1 on 
the surface of lymphocytes by flow cytometry. Hematopoietic stem cell 
transplantation is curative. 

Leukocyte adhesion deficiency type 2 (LAD-2) is an autosomal 
recessive congenital disorder of glycosylation (type iic) caused by 
mutations in the SLC35C1 gene. The SLC35C1 gene encodes a GDP- 
fucose transporter, and mutation in this gene results in the absence of 
sialylated Lewis X blood group on the surface of neutrophils and other 
leukocytes, resulting in failure to roll and subsequently adhere to vas- 
cular endothelium. Patients with LAD-2 manifest with growth retarda- 
tion, dysmorphic features, and neurologic deficits in addition to the 
increased susceptibility to infection. LAD-3 is a rare disorder caused by 
defects in the KINDLIN-3 protein resulting in defective neutrophil 
adhesion as well as platelet defects. Patients with LAD-3 present similar 
to LAD-1 with recurrent severe infections as well as a bleeding disorder. 

Depressed neutrophil chemotaxis has been observed in a wide 
variety of clinical conditions (see Table 41.12). In addition to LAD-1 
and LAD-2, defective migration of neutrophils has been described in 
hyper-IgE syndrome due to STAT3 mutations and with mutations 
in the RAC2 gene (see Table 41.12). RAC2 is the predominant GTPase 
in human neutrophils, and it is integral to the function of the actin 
cytoskeleton. Deficiency in RAC2 is associated with decreased neutro- 
phil chemotaxis, superoxide generation, and decreased degranulation 
in response to formylated peptides. 


Disorders of Neutrophil Function 


Chronic granulomatous disease (CGD) is a disorder of phagocytes 
due to mutations in any 1 of the subunits of the enzyme nicotinamide 
adenine dinucleotide phosphate (NADPH) oxidase (see Table 41.12). 
NADPH oxidase consists of 4 subunits (gp91??™, p22Ph% p47Ph% and 
p67’"™) and is responsible for the generation of the respiratory burst, 
which involves the catalytic conversion of molecular oxygen to super- 
oxide (O, ) that is essential for the killing of a variety of bacterial and 
fungal pathogens by neutrophils and macrophages. Mutations in the 
gene encoding the gp91?"™ protein are inherited in an X-linked manner 
and account for approximately 65% of CGD. All other forms of CGD 
are inherited in in an autosomal recessive manner. 

Although the clinical manifestations are variable, several clinical 
features suggest the diagnosis of CGD. The onset of clinical signs 
and symptoms may occur from early infancy to young adulthood, 
and the attack rate and severity of infections are dependent on the 
amount of residual oxidase activity generated by NADPH oxidase in 
affected individuals. Affected patients may have recurrent lymphadeni- 
tis, bacterial hepatic abscesses, or osteomyelitis. Infections also occur 
in the lungs, the middle ear, gastrointestinal tract, skin, and urinary 
tract. Patients characteristically exhibit lymphadenopathy, hypergam- 
maglobulinemia, hepatosplenomegaly, dermatitis, failure to thrive, 
anemia, chronic diarrhea, and abscesses. Granulomas are prominent 
and may obstruct the pylorus or ureters or lead to inflammatory bowel 
disease. The most common pathogen is S. aureus, and infection with 
S. marcescens, B. cepacia, Aspergillus sp., C. albicans, or Salmonella sp. 
can occur. The diagnosis of CGD is made by either the DHR test or 
the NBT dye test. 

The treatment of CGD is rapidly evolving. CGD is traditionally 
treated with prophylactic trimethoprim-sulfamethoxazole, itracon- 
azole, long-term continuous interferon-y therapy, and bactericidal 


TABLE 41.12 Phagocyte Disorders 


Disease 


Severe congenital 
neutropenia 1 (ELANE 
deficiency) 

SCN2a (GFI1 deficiency) 


SCN3 (Kostmann disease) 


SCN4 (G6PC3 deficiency) 


SCN5 


Cyclic neutropenia 


X-linked neutropenia/ 
myelodysplasia 


Leukocyte adhesion 
deficiency type 1 (LAD1) 


Leukocyte adhesion 
deficiency type 2 (LAD2) 


Leukocyte adhesion 
deficiency type 3 (LAD3) 


Rac 2 deficiency 
X-linked chronic 


granulomatous disease 
(CGD) 


Autosomal recessive CGD 
— p22 phox deficiency 


Autosomal recessive CGD 
— p47 phox deficiency 
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Genetic Defect/ 


Presumed Pathogenesis 


Mutation in ELANE: misfolded 
protein response, increased 
apoptosis 

Mutation in GF/7: loss of 
repression of ELANE 

Mutation in HAX7: control of 
apoptosis 


Mutation in G6PC3: abolished 
enzymatic activity of 
glucose-6-phosphatase, 
aberrant glycosylation, and 
enhanced apoptosis of N 
and F 

Mutation in VPS45: controls 
vesicular trafficking 


Mutation in ELANE: misfolded 
protein response 

Mutation in WAS: regulator of 
actin cytoskeleton (loss of 
autoinhibition) 

Mutation in /7GB2: adhesion 
protein (CD18) 


Mutation in SLC35C7 
GDP-fucose transporter 


Mutation in KINDI IN3: 
Rap1-activation of B1-3 
integrins 

Mutation in RACZ: regulation 
of actin cytoskeleton 


Mutation in CYBB: electron 
transport protein (gp91 phox) 


Mutation in CYBA: electron 
transport protein (p22phox) 


Mutation in NCF1: adapter 
protein (p4/phox) 
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Inheritance 
AD 


AD 


AR 


AR 


AR 


AD 


XL, gain-of- 
function 


AR 


AR 


AR 


AD 


XL 


AR 


AR 


Affected Cells 


N 


N+ F 


N+ F 


N+M 


N+M+L+NK 


N+M 


N+M+L+NK 


N+M 


N+M 


N+M 


Affected 

Function 

Myeloid 
differentiation 


Myeloid 
differentiation 

Myeloid 
differentiation 


Myeloid 


differentiation, 


chemotaxis, 
Ü production 


Myeloid 


differentiation, 


migration 


Differentiation 


Mitosis 


Adherence, 
chemotaxis, 


endocytosis, T/NK 


cytotoxicity 


Rolling, chemotaxis 


Adherence, 
chemotaxis 


Adherence, 
chemotaxis, 
Ü production 


Killing (faulty 
O` production) 


Killing (faulty 
O` production) 


Killing (faulty 
O production) 


Associated Features 


Susceptibility to MDS/ 
leukemia 


B/T lymphopenia 


Cognitive and neurologic 
defects in patients with 
defects in both HAX1 
isoforms, susceptibility to 
MDS/leukemia 


structural heart defects, 
urogenital abnormalities, 
inner ear deafness, and 
venous angiectasias of 
trunks and limbs 


Extramedullary 
hematopoiesis, bone 
marrow fibrosis, 
nephromegaly 


Oscillations of other 
leukocytes and platelets 


Monocytopenia 


Delayed cord separation, skin 
ulcers, periodontitis, 
leukocytosis 


Mild LAD type 1 features plus 
hh-blood group plus mental 
and growth retardation 


LAD type 1 plus bleeding 
tendency 


Poor wound healing, 
leukocytosis 


Recurrent bacterial infection, 
susceptibility to fungal 
infection, inflammatory gut 
manifestations; McLeod 
phenotype in patients with 
deletions extending into the 
contiguous Kell locus 


Recurrent bacterial infection, 
susceptibility to fungal 
infection, and inflammatory 
gut manifestations 


Recurrent bacterial infection, 
susceptibility to fungal 
infection, and inflammatory 
gut manifestations 
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TABLE 41.12 Phagocyte Disorders—cont'd 


Genetic Defect/ 

Presumed Pathogenesis 

Mutation in NCF2: activating AR 
protein (p6/phox) 


Disease 


Autosomal recessive CGD 
— p67 phox deficiency 


Autosomal recessive CGD 
— p40 phox deficiency 


Mutation in NCF4: activating 
protein (p40phox) 

Mutation in /L-12RB1: IL-12 
and IL-23 receptor B1 chain 

Mutation in /L-72B: subunit 
p40 of IL-12/IL-23 

Mutation in /FNGAT: IFN-yR 
ligand binding chain 

Mutation in /FNGR2: IFN-yR 
accessory chain 


Mutation in STAT7 (loss of 
function) 


IL-12 and IL-23 receptor B1 
chain deficiency 


IL-12p40 deficiency 


IFN-y receptor 1 deficiency 
IFN-y receptor 2 deficiency 


STAT1 deficiency (AD form) 


Recurrent Fever, Infections, Immune Disorders 


Inheritance 


Affected 

Function 

Killing (faulty 
O` production) 


Affected Cells 
N+M 


Associated Features 

Recurrent bacterial infection, 
susceptibility to fungal 
infection, and inflammatory 
gut manifestations 


Killing (faulty 
O` production) 


Inflammatory gut 
manifestations only 


IFN-y secretion Susceptibility to Mycobacteria 


and Salmonella 
IFN-y secretion Susceptibility to Mycobacteria 
and Salmonella 
IFN-y binding and 
signaling 


Susceptibility to Mycobacteria 
and Salmonella 

IFN-y signaling Susceptibility to Mycobacteria 
and Salmonella 


IFN-y signaling Susceptibility to Mycobacteria 


AD, autosomal dominant; AR, autosomal recessive; B/T, B and T cells; IFN, interferon; IL, interleukin; L, lymphocyte; M, monocyte/macrophage; 
MDS, myelodysplasia syndrome; N, neutrophil; NK, natural killer cell; XL, X-linked. 


antibiotics. Steroids and antibiotics are used to treat granulomatous 
complications of the gastrointestinal, urinary, and respiratory tracts. 
Definitive treatment of CGD by HSCT in properly HLA-matched 
patients has achieved excellent outcomes (>90% survival) even 
for patients at high risk for transplant-associated morbidity and 
mortality. 

Chédiak-Higashi syndrome (CHS), an abnormality of secondary 
granules, is an autosomal recessive disorder caused by a mutation in 
the LYST gene, which encodes a cytoplasmic protein thought to be 
involved in organellar protein trafficking resulting in fusion of the 
primary and secondary granules in neutrophils. Despite normal inges- 
tion of particles and normal production of superoxide, neutrophils 
and macrophages in patients with CHS have delayed killing of micro- 
organisms. Large azurophilic lysosomal granules are present in all 
granule-bearing cells including neutrophils and melanocytes. A smear 
of peripheral blood can demonstrate these giant granules in neutro- 
phils and are virtually pathognomonic of CHS when other features 
are present. 

Recurrent infections affect the skin, respiratory tract, and mucous 
membranes and are caused by both gram-positive and gram-negative 
bacteria as well as by fungi. S. aureus is the most common organism. 
Despite normal platelet counts, patients with Chédiak-Higashi syn- 
drome have prolonged bleeding times due to a platelet storage pool 
abnormality. Patients usually have partial oculocutaneous albinism. 
Most patients progress to an accelerated phase associated with Epstein- 
Barr virus infection and characterized by a lymphoproliferative syn- 
drome with generalized lymphohistiocytic infiltrates, fever, jaundice, 
hepatomegaly, lymphadenopathy, and pancytopenia (see Table 41.6). 
Neuropathy, which can be sensory or motor, and ataxia may be present. 


DISORDERS OF MACROPHAGE FUNCTION 


The interferon-y (IFNy)/interleukin-12 (IL-12) axis is crucial to host 
defense against intracellular pathogens, including mycobacteria, Liste- 
ria, and Salmonella species. Dendritic cells and macrophages produce 
interleukin-12 in response to bacterial pathogens that in turn stimulate 
the secretion of IFNy by T cells and natural killer cells. IFNy binds to 


receptors on macrophages, stimulating the production of tumor 
necrosis factor-a and inducible nitric oxide synthetase, promoting 
antigen presentation, and augmenting the respiratory burst and bac- 
tericidal activities of macrophages. 

The classic members of this group of disorders involve mutations in 
the IFNy receptor, the IL-12 receptor, or IL-12. The IFNy receptor con- 
tains 2 chains: IFNy receptor 1 (IFNy-R1), which binds ligand, and 
IFNy receptor 2 (IFNy-R2), which is necessary for ligand-induced sig- 
naling. Complete absence of IFNy-R1 or IFNy-R2 is inherited in an 
autosomal recessive manner and causes the most severe disease, mani- 
festing early in infancy often with disseminated atypical mycobacterial 
infection, recurrent Salmonella infection, or fatal infection after bacille 
Calmette-Guérin vaccination. Partial IFNy-R1 or IFNy-R2 defects typ- 
ically have milder disease, present often in early childhood, but none- 
theless with increased susceptibility to nontuberculous mycobacterial 
disease. Patients with partial IFNy-R1 deficiency are especially prone to 
osteomyelitis due to atypical mycobacteria. Mutations leading to a defi- 
ciency in the production of the p40 subunit of IL-12 or in the expres- 
sion of the IL-12RB1 receptor are inherited in an autosomal recessive 
manner. These patients have an increased susceptibility to serious 
infection with environmental mycobacteria, BCG, and Salmonella sp. 
Unexpectedly, these patients are also susceptible to skin and, rarely, 
invasive infections with Candida albicans. Mutations in STAT1, which 
mediates the signal transduction following the binding of IFNy with 
the IFNy receptor, also causes susceptibility to mycobacterial infections 
and is inherited in an autosomal recessive pattern. In addition, these 
patients are susceptible to a variety of viral pathogens since STAT1 is 
required for signal transduction of IFN-a/B in addition to IFN-y. 


ASPLENIA 


The spleen plays a particularly important role in preventing invasive 
infections, especially during the 1st year of life before specific immu- 
nity to certain bacteria has developed. The spleen is able to bind and 
phagocytose unopsonized encapsulated bacteria, and produces natural 
antibodies against polysaccharides, demonstrating the critical role of 
the spleen in preventing sepsis in immunologically immature subjects 
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from encapsulated bacteria. The spleen is also an important location 
for the phagocytosis of complement and antibody opsonized bacteria, 
and a key location for the production of antibodies. 

Functional asplenia occurs in children with sickle cell disease, ini- 
tially as a result of vascular occlusion by the sickle cells in the splenic 
circulation. Congenital absence of the spleen may occur alone or as 
part of an asplenia syndrome with congenital heart disease. Mutations 
in NKX2 and ribosomal protein SA have been found in a small number 
of patients with congenital asplenia. Trauma and surgical splenectomy 
are also important causes of asplenia. 

Individuals without spleens (anatomic or functional) are subject to 
a severe form of sepsis that is rapid in onset and can lead to sudden 
death if it is not recognized and treated promptly. Pneumococci are 
responsible for more than 50% of such infections; infections with 
H. influenzae, S. aureus, group A streptococci, gram-negative enteric 
bacilli, and meningococci also occur (see Table 41.1). 

The diagnosis of anatomic or functional asplenia is suggested by 
the presence of red blood cell inclusions, particularly Howell-Jolly 
bodies on peripheral blood smear. Failure of uptake of technetium 
99-sulfur colloid, which is normally taken up by the entire reticuloen- 
dothelial system or the lack of erythrocyte pitting are also noted in 
asplenic patients. Lack of a spleen by ultrasonography of the abdomen 
is suggestive of asplenia, but accessory splenic tissue may still be 
present. Functional tests of splenic tissue are a better indicator of 
asplenia. 

The risk of fulminant infection in patients who have undergone 
splenectomy (from surgery or trauma), or in those with functional 
asplenia or congenital asplenia is highest in the 1st few years. The risk 
is lower in older children and in adults, probably because they have 
developed opsonizing antibodies through previous exposure. The 
management of functional or anatomic asplenia lies mainly in preven- 
tion. When splenectomy becomes necessary, partial protection against 
life-threatening infections can be obtained by immunizing patients 
with conjugated and polyvalent pneumococcal, H. influenzae type b, 
and meningococcal vaccines. Booster immunization may be needed 
because of waning immunity with time. Prophylactic antibiotics may 
be given continuously in a single daily dose for 1-3 years or up to the 
age of 16 years (some authorities suggest longer periods or even for 
life) after splenectomy. Parents of older asplenic children are advised 
to have their children seen by a physician or to administer the antibiot- 
ics at the Ist sign of a febrile illness. 


AUTOINFLAMMATORY DISORDERS 


Autoinflammatory disorders are genetic defects in the immune system 
with predominant inflammatory complications in the absence of sig- 
nificant infectious complications. Autoinflammatory disorders present 
with spontaneous, episodic, or persistent inflammation, but without 
the development of autoantibodies or autoreactive lymphocytes. Auto- 
inflammatory disorders were formerly known as periodic fever syn- 
dromes, but this term has fallen out of favor since fever is a frequent 
but not universal finding. 


Familial Mediterranean Fever 


Familial Mediterranean fever (FMF) is caused by mutations in the 
MEFV gene that encodes the protein pyrin and was the 1st autoinflam- 
matory disorder in which a genetic defect was elucidated. Although 
FMF is considered a recessive disorder, a substantial percentage of 
patients with clinical FMF have only 1 demonstrable mutation in 
MEFYV. FMF is characterized by short episodes of fever (i.e., 1-3 days), 
serositis/peritonitis, prominent arthritis, and erythematous rash. Early 
in life fever may be the only symptom. However, more classic features 


typically appear within 3 years. The arthritis is typically monoarticular, 
and aspirates of affected joints are sterile with a predominance of 
neutrophils. In some cases, splenomegaly and even systemic vasculitis 
can ensue. The most serious long-term comorbidity with FMF is amy- 
loidosis, which occurs frequently in patients who are not compliant 
with colchicine prophylaxis. Pyrin interacts with the inflammasome, a 
macromolecular complex involved in the processing of IL-1B, and 
mutations that result in FMF result in greater IL-1 production. Daily 
colchicine prophylaxis prevents many of the long-term complications 
of this disorder. 


Pyogenic Arthritis, Pyoderma Gangrenosum, 


and Acne Syndrome 

Pyogenic arthritis, pyoderma gangrenosum, and acne (PAPA) is an 
autosomal dominant inherited syndrome caused by mutations in 
PSTPIP1 (see Table 41.5), which leads to hyperphosphorylation of 
PSTPIP1, increased interaction with pyrin, leading to increased IL-1B 
production. PAPA begins in childhood with episodes of sterile mono- 
articular arthritis, and later in life pyoderma gangrenosum-like ulcer- 
ative skin lesions and cystic acne. The episodes of arthritis are the most 
common presentation, start in early childhood, and typically affect 1-3 
joints at a time. The joint effusions are typically neutrophil-rich and 
sterile. Treatment of the arthritis with surgical drainage, or treatment 
with intraarticular or systemic steroids has shown benefit in resolving 
arthritis. Several reports demonstrated successful treatment with an 
IL-1 receptor antagonist (anakinra) or tumor necrosis factor (TNF)-o 
inhibitors (etanercept and infliximab). 


Cryopyrin-Associated Periodic Syndromes 


Cryopyrin-associated periodic syndromes (CAPS) are a spectrum of 
autoinflammatory disorders that are inherited in an autosomal domi- 
nant manner due to mutations in the NLRP3 gene (see Table 41.5). 
NLRP3 encodes cryopyrin, a protein that is part of the inflammasome. 
Mutations that cause CAPS prevent autoinhibition of the cryopyrin 
protein, resulting in spontaneous activation of the inflammasome and 
excessive production of IL-1f. 

CAPS consists of 3 diseases: familial cold autoinflammatory syn- 
drome (FCAS), Muckle-Wells syndrome (MWS), and neonatal-onset 
multisystem inflammatory disorder (NOMID), which represent a 
spectrum of disorders that present with recurrent or continual sys- 
temic inflammation, rash, fevers, arthritis, neurologic deficits, and 
amyloidosis. FCAS is the mildest form of this disorder that presents 
with fevers, an evanescent rash, headache, conjunctivitis, and joint pain 
after generalized cold exposure. Although the rash can have some 
visual features of urticaria, it lacks angioedema or signs of mast cell 
degranulation, and is histologically characterized by a neutrophilic 
infiltrate. MWS presents similar to FCAS but cold exposure is not 
necessary for symptoms to occur. Unlike FCAS, chronic meningitis 
occurs with papilledema and sensorineural hearing loss, joint pain and 
swelling is more severe, and untreated, amyloidosis develops over time. 
NOMID is the most severe variant of CAPS. Like MWS, all patients 
with NOMID exhibit a rash at or shortly after birth. Neurologic symp- 
toms, such as aseptic meningitis, headache, cerebral atrophy, uveitis, 
hearing loss, and intellectual disability, are common and severe. In 
NOMID and MWS, chronic inflammation of the joints leads to a 
chronic arthropathy with epiphyseal and patellar overgrowth. FCAS, 
MWS, and NOMID exhibit laboratory evidence of acute-phase 
response with leukocytosis, neutrophilia, anemia, thrombocytosis, and 
elevated erythrocyte sedimentation rate and CRP levels. 

Historically, a variety of immunosuppressive treatments, including 
corticosteroids and colchicine, have been used to treat CAPS. IL-1 
inhibitors (anakinra, rilonacept, canakinumab) are now the treatment 
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of choice for these disorders based on their ability to induce rapid and 
sustained clinical response. Laboratory abnormalities typically nor- 
malize in days, and the rash responds rapidly. Importantly, IL-1 block- 
ade improves long-term morbidity such as hearing loss, joint deformity, 
and amyloidosis. 


Hyperimmunoglobulin D Syndrome 


Hyperimmunoglobulin D syndrome (HIDS) is an autoinflammatory 
disorder caused by mutations in the mevalonate kinase (MVK) gene 
(see Table 41.5). MVK is an enzyme involved in the biosynthesis of 
cholesterol and isoprenoids. Patients with HIDS have low but detect- 
able MVK enzyme activity resulting in elevated levels of mevalonic 
acid in the urine during attacks. Complete absence of MVK results in 
mevalonic aciduria, an inborn error of metabolism, which is also asso- 
ciated with fevers. It is unclear how mutations in MVK lead to an 
autoinflammatory disease. 

The clinical manifestations of HIDS occur at an early age with 
recurrent fevers with lymphadenopathy, abdominal pain, arthralgia 
and arthritis, and painful migratory erythematous macules. These epi- 
sodes may last 4-7 days and are often triggered by stress, trauma, or 
vaccination. Serum IgD and IgA levels are usually elevated but may be 
normal. Acute-phase reactants are elevated during attacks. Although 
high-dose corticosteroids and TNF- antagonists have been used with 
variable success, IL-1 inhibitors appear more effective at preventing 
the inflammatory episodes. Amyloidosis may occur but is relatively 
rare. 


Deficiency of the Interleukin-1 Receptor Antagonist 


Deficiency of the IL-1 receptor antagonist (DIRA) is an autosomal 
recessive disorder due to mutations in the IL-1 receptor antagonist 
gene (IL-IRN) (see Table 41.5). IL-1 receptor antagonist (IL-1RA) is a 
decoy protein that binds to the IL-1 receptor but does not result in 
signaling, and the absence of IL-1RA in patients with DIRA leads to 
cellular hyperesponsiveness to IL-1. 

The clinical manifestations of DIRA occur within the 1st 2 weeks 
of life and include pustular rash, osteopenia, lytic bone lesions, and 
prominent systemic inflammation. All patients develop cutaneous pus- 
tulosis, and biopsies of the skin lesions revealed a neutrophilic pre- 
dominance. Respiratory distress, aphthous ulcers, hepatomegaly, and 
failure to thrive occurred, with approximately one-third of infants 
expiring prior to effective treatment. Bone is prominently involved, 
with osteopenia, multiple osteolytic lesions, and rib widening. Labora- 
tory abnormalities reflect an acute-phase response with elevated ESR 
and CRP, leukocytosis, anemia, and thrombocytosis. 

Anakinra, a recombinant IL-1RA, is highly effective in the treatment 
of DIRA. Anakinra essentially replaces the IL-1RA that patients with 
DIRA cannot synthesize. Longer-acting anti-IL1 agents, canakinumab 
and rilonacept, also work with the advantage of less frequent dosing 
compared to anakinra but are considerably more expensive. 


TNF Receptor—Associated Periodic Syndrome (TRAPS) 


TNF receptor—associated periodic syndrome (TRAPS) is an autosomal 
dominant disease associated with missense mutations in the extracel- 
lular domain of the TNF receptor 1 gene (TNFRSFIA) (see Table 41.5). 
The clinical manifestations of TRAPS patients include recurrent and 
often prolonged fevers, abdominal pain, and arthralgias. A migratory 
rash with underlying fascial inflammation and myalgia can be seen, as 
well as conjunctivitis and periorbital edema. Increased serum levels of 
CRP, ESR, leukocytosis, and thrombocytosis are evident during and in 
between attacks. Initial insights into the pathophysiology of this dis- 
order came when patients with TRAPS exhibited low serum levels of 
soluble TNFR1, suggesting that shedding of TNF receptors acts as a 
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natural antagonist to TNF-a. In support of this, the TNF-« antagonist 
etanercept has been shown to reduce the severity of symptoms in some 
cases of TRAPS. However, not all patients with TRAPS have low serum 
TNFRI1 levels, and TNF-a inhibition is not completely effective. 
Reports have also shown the beneficial effects of IL-1 inhibition and 
the anti-IL-6 receptor antibody tocilizumab. 


Deficiency of Adenosine Deaminase 2 


Deficiency of adenosine deaminase 2 (DADA2) is an autosomal reces- 
sive disorder due to null mutations in CECR1, which encodes adenos- 
ine deaminase 2 (ADA2) (see Table 41.5). The clinical manifestations 
of DADA2 begin in childhood with intermittent fevers, recurrent 
lacunar strokes, organomegaly, hypogammaglobulinemia, and sys- 
temic vasculitides. The lacunar strokes begin before the age of 5 years 
and typically occur during inflammatory episodes. A livedo-like rash 
is a prominent feature with biopsies showing a predominance of neu- 
trophils and macrophages as well as vasculitis in medium-sized vessels. 
Some of these patients are diagnosed with early-onset polyarteritis 
nodosa. Treatment with glucocorticoids, TNF-a inhibitors, and IL-1 
blockers has been utilized with some benefit. 


Blau Syndrome 


Blau syndrome is an autosomal dominant disease caused by mutation 
in NOD2 (see table 41.5) that result in spontaneous activation of the 
NOD2 protein, activation of NF-«B, and production of proinflamma- 
tory cytokines. Blau syndrome was originally described as a granulo- 
matous disease affecting the skin, joints, and uveal tract, and should 
be considered in any individual presenting with early-onset sarcoid- 
osis. Blau syndrome presents with a boggy synovitis of large joints, 
particularly the wrist and ankles, and an erythematous papular rash 
similar to erythema nodosum. Biopsy of these lesions demonstrates 
noncaseating granulomas. Unlike sarcoidosis, respiratory involvement 
and hilar adenopathy are rare, although granulomatous liver disease, 
cranial neuropathies, and large vessel vasculitis can occur. Laboratory 
studies in Blau syndrome are typically normal, although elevated ESR 
and angiotensin-converting enzyme levels can be seen, and hypergam- 
maglobulinemia can occur. Most patients with Blau syndrome have 
been treated with corticosteroids, although limited reports have shown 
effectiveness of infliximab, thalidomide, and possibly anakinra. 


Majeed Syndrome 


Majeed syndrome is an autosomal recessive disorder caused by muta- 
tions in the LPIN2 gene (see Table 41.5). The clinical manifestations 
of Majeed syndrome begin in childhood with recurrent fevers, sterile 
osteomyelitis, congenital dyserythropoietic anemia (CDA), neutro- 
philic dermatosis, failure to thrive, and hepatomegaly. Treatment of 
Majeed syndrome has included nonsteroidal antiinflammatory drugs, 
corticosteroids, and IL-1 receptor antagonists. How mutations in the 
LPIN2 gene lead to an autoinflammatory disorder is not known. 


IMMUNE DYSREGULATION SYNDROMES 


Immune dysregulation disorders are genetic defects in the regulation 
of the adaptive immune system (T and B cells) resulting in early-onset 
inflammatory bowel disease, eczema, autoimmune cytopenias, and 
other autoimmune or inflammatory complications. Abnormalities of 
immune regulation are frequently important components of the clini- 
cal manifestations in patients with primary immune deficiencies, 
which have been described previously in this chapter. Unlike autoin- 
flammatory disorders, these disorders are not episodic and are associ- 
ated with autoimmune manifestations. Additionally, the clinical 
phenotype includes varying degrees of susceptibility to infection. 
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Hemophagocytic Lymphohistiocytosis 

Hemophagocytic lymphohistiocytosis (HLH) is caused by mutations 
in the gene encoding perforin or genes encoding other proteins 
involved in the cytotoxic function of NK cells and CD8 cells, such as 
Munc13-4, syntaxin11, and syntaxin11 binding protein (see Table 
41.6). HLH is a life-threatening disorder of infants and is characterized 
by high fever, rash, hyperferritinemia, coagulopathy, and hematologic 
cytopenias. HLH is typically triggered in response to viral infections, 
in particular EBV and CMV. The various molecular defects that under- 
lie HLH all result in ineffective clearance of viral infections by NK cells 
and CD8 T cells, resulting in prolonged antigen exposure and pro- 
tracted activation of CD8 T cells and NK cells. CD8 T cells and NK 
cells produce large amounts of IFNy that activate macrophages, result- 
ing in phagocytosis of bone marrow elements and end-organ damage. 
This disorder is fatal if not treated aggressively with combined immu- 
nosuppressive medications and chemotherapy. HSCT is the only cura- 
tive treatment. 


X-Linked Lymphoproliferative Disease Type 1 


and Type 2 

X-linked lymphoproliferative disease type 1 (XLP-1) is caused by a 
mutation in the gene called SH2D1A, which encodes for an adapter 
protein involved in signal transduction of T cells and NK cells. XLP-2 
is a similar disorder caused by mutations in XIAP. XLP-1 is character- 
ized by fulminant infection with Epstein-Barr virus (EBV) with immu- 
nodysregulation and/or lymphoma. Boys with this disease may be 
relatively normal until infected with EBV, which is acutely fatal in 80% 
of patients and due to the development of HLH. Boys who survive the 
initial EBV infection develop hypogammaglobulinemia and are at high 
risk for developing aplastic anemia and B cell lymphomas. XLP-2 pre- 
sents similarly with HLH following EBV infection, but can also present 
with early onset colitis. Definitive therapy of both forms of XLP is 
HSCT. 


Immune Dysregulation, Polyendocrinopathy, 
Enteropathy, X-Linked and Related Disorders 


The maintenance of peripheral tolerance is critically dependent on T 
regulatory cells, CD4-positive T cells that prevent autoimmunity and 
excessive immune responses. These cells are generated in the thymus 
to self-antigens, express the transcription factor Foxp3, and constitu- 
tively express high levels of the IL-2 receptor (CD25). T regulatory cells 
express numerous immunosuppressive molecules including CTLA4, 
which inhibits T cell activation, and IL-10 and TGF-B. 

Immune dysregulation, polyendocrinopathy, enteropathy, X-linked 
(IPEX) is caused by mutations in the FOXP3 gene, an X-linked tran- 
scription factor essential for the production and function of T regula- 
tory cells (see Table 41.6). In males with a null mutation in FOXP3, 
the clinical manifestations begin at birth or soon thereafter, and consist 
of inflammatory gastrointestinal tract disease, failure to thrive, auto- 
immune diabetes mellitus, thyroiditis, Addison disease, severe food 
allergies, eczema, and autoimmune cytopenias. Hypomorphic muta- 
tions in Foxp3 that encode a protein with residual functional activity 
lead to a later onset and milder clinical phenotoype, but allergic disease 
and failure to thrive are common. Patients with this disorder are 
aggressively immunosuppressed to be stabilized, but bone marrow 
transplantation is the only curative therapy. 


CD25 Deficiency 


CD25 (a chain of the high-affinity IL-2 receptor) deficiency is an 
autosomal recessive disorder due to mutations in the IL2RA gene (see 
Table 41.6). T regulatory cells constitutively express CD25 and respond 


to IL-2 generated by T cells during an immune response for their 
immunoregulatory functions. CD25 deficiency results in a syndrome 
similar to IPEX with severe enteropathy, diabetes mellitus, auto- 
immune hemolytic anemia, eczema, and lymphoproliferation. Impor- 
tantly, patients with CD25 deficiency exhibit several unique features 
not seen in IPEX, namely chronic herpetic viral infections and an 
increased susceptibility to infections. 


Signal Transducer and Activator of 


Transcription Protein 5B Deficiency 

Signal transducer and activator of transcription protein 5b (STAT5b) 
deficiency is an autosomal recessive disorder due to mutations in the 
STAT5b gene, 1 of 2 STATS proteins involved in IL-2 signaling (see 
Table 41.6). Similar to CD25 deficiency, STAT5b deficiency results in 
T regulatory cell dysfunction leading to a syndrome of immune defi- 
ciency with autoimmunity. These infants also suffer from autoimmune 
diseases such as autoimmune thrombocytopenia and hemolytic 
anemia, eczema, and arthritis. Unlike IPEX or CD25 deficiency, growth 
failure occurs in STAT5b since this signaling protein is required for 
growth hormone signaling. Additionally, patients with STAT5b defi- 
ciency also develop pulmonary disease that pathologically resembles 
interstitial lymphocytic pneumonia, although whether this represents 
an autoimmune phenomenon or a response to infectious episodes is 
unclear. 


Cytotoxic T Lymphocyte Antigen 4 Deficiency 


Cytotoxic T lymphocyte antigen 4 (CTLA4) deficiency is an autosomal 
dominant inherited disorder due to mutations of the gene encoding for 
the CTLA4 protein (see Table 41.6). Null mutations or point mutations 
that encode a nonfunctional protein can result in haploinsufficiency. 
Not all patients who have damaging mutations in CTLA4 develop 
any clinical phenotype (i.e., reduced penetrance) and the onset of the 
disease and clinical manifestations are variable as well (variable expres- 
sivity). The clinical manifestations of CTLA4 deficiency may occur in 
early childhood or adulthood. The most common clinical manifesta- 
tions include enteropathy; granulomatous and lymphocytic lung infil- 
tration; lymphocytic infiltration of the bone marrow, brain, kidney, 
or liver; respiratory tract infections; splenomegaly; lymphadenopathy; 
and immune cytopenias. Patients frequently have hypogammaglobu- 
linemia, which explains their propensity to infection. Autoimmune 
thyroiditis and psoriasis also occur. Treatment of CTLA4 deficiency 
includes the use of replacement immunoglobulin therapy for patients 
with hypogammaglobulinemia and recombinant CTLA4 for the auto- 
immune manifestations. 

A phenotypically similar disorder is caused by mutations in the 
LPS-responsive vesicle trafficking, beach and anchor containing 
(LRBA) gene, which regulates the expression of CTLA4 on the surface 
of T cells. CTLA4 is essential for the function of T regulatory cells, 
which explains the common autoimmune and autoinflammatory fea- 
tures of both LRBA deficiency and CTLA4 deficiency. 


Autoimmune Polyendocrinopathy-Candidiasis— 
Ectodermal Dystrophy 


Autoimmune polyendocrinopathy-candidiasis—ectodermal dystrophy 
(APECED) is an autosomal recessive disorder caused by mutations 
in the gene encoding the autoimmune regulator (AIRE) gene (see 
Table 41.6). AIRE is a transcription factor that is essential for expres- 
sion of peripheral tissue antigens in the thymus, allowing for deletion 
of self-reactive T cells in the thymus (i.e., negative selection) and for 
the production of T regulatory cells with the correct antigen specific- 
ity. The clinical manifestation of APECED includes chronic or recur- 
rent Candida infections of the mucous membranes, skin, and nails; 
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autoimmune hypoparathyroidism; and Addison disease. Other auto- 
immune disorders, such as vitiligo, thyroiditis, and pernicious anemia 
may occur. The insidious and variable onset of the endocrinopathies 
requires the need for frequent evaluation for autoimmune endocrine 
disorders. The propensity to develop fungal infections is explained 
by autoantibodies to certain immune cytokines, such as IL-17, that 
are critical to the defense of fungal infections. 


Autoimmune Lymphoproliferation Syndrome 


Autoimmune lymphoproliferation syndrome (ALPS) is a group of 
disorders most commonly caused by mutations in the FAS gene 
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or less commonly the FAS ligand (FASL) gene (see Table 41.6). 
Other genetic causes of ALPS have been described. FAS is a 
protein that is involved in the normal apoptotic pathway of lym- 
phocytes, and defective apoptosis due to defects in FAS or FASL 
underlies the autoimmune manifestations of this disorder. The 
clinical manifestations of ALPS include lymphoproliferation (i.e., 
splenomegaly and lymphadenopathy) and autoimmune manifesta- 
tions, particularly autoimmune thrombocytopenia and autoimmune 
hemolytic anemia, and an increased susceptibility to lymphoma. 
Autoimmune manifestations are usually responsive to immunosup- 
pressive medication. 


Recurrent benign infections are common, especially in large families 
or in day care settings, in which children may manifest 6-10 upper 
respiratory tract infections or gastroenteritis episodes a year. These 
infections usually last less than 1 week. The child continues to grow 
and develop normally, and his or her activities are not restricted. 
Screening tests to evaluate immune function are typically normal. Red 
flags to consider disorders of the immune system include absent 
lymphoid tissue, failure to thrive, digital clubbing, chronic diarrhea, 
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prolonged infections, infections with unusual organisms, repeated 
serious infections, eczematous dermatitis, a family history of early 
childhood deaths (presumably from infection), and other diseases 
associated with increased risks for infection (sickle cell anemia, malig- 
nancy, asplenia). In these cases, immunologic workup, genetic testing, 
and consultation with a clinical immunologist can lead to a diagnosis 
and definitive treatment. 
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Disorders of Puberty 


Peter M. Wolfgram 


Puberty is defined by both biologic and social standards. Puberty is the 
time when there is an increase in sex steroid production, resulting in 
physical changes such as breast development in girls and testicular 
enlargement in boys, as well as maturation of processes required for 
future fertility. Puberty, also known as adolescence, is the time when 
children make the transition to adult patterns of behavior, which 
involve maturity, responsibility, and sexuality. 


NORMAL PUBERTAL DEVELOPMENT 
Terminology 


Various terms are used to discuss puberty (Table 42.1). Bone age refers 
to the degree of epiphyseal calcification, width, and proximity to adja- 
cent metaphyses and is a marker of physical maturity that normally 
corresponds to chronologic age. Dental age generally correlates with 
bone age. Bone age is usually determined from a radiograph of the left 
hand and wrist, with comparison to gender-appropriate standards in 
Greulich and Pyle’s bone age atlas. In infants and toddlers, a more 
accurate assessment of bone age can be determined from a radiograph 
of the hemiskeleton, with primary attention to epiphyses of the long 
bones. Delayed or advanced bone age occurs in many conditions; bone 
age is strongly influenced by sex steroid production. The timing of the 
onset of puberty is usually more closely linked to the bone age than to 
the chronologic age when the 2 are significantly discordant. Regardless 
of chronologic age, linear growth ceases when the bone age reaches 15 
years in females and 18 years in males. 


Anatomy 


Puberty is controlled by the production of gonadotropin-releasing 
hormone (GnRH) in the anterior hypothalamus. GnRH-containing 
cell bodies project axons to the median eminence, where they termi- 
nate on the hypothalamic portal vessels. This system is referred to as 
the GnRH pulse generator. After GnRH reaches the anterior pituitary 
gland via the portal vasculature, it stimulates the production of both 
follicle-stimulating hormone (FSH) and luteinizing hormone (LH) by 
the gonadotroph cells. In females, both FSH and LH are required for 
estrogen production by ovarian granulosa cells. The regulated secre- 
tion of FSH and LH is also required for follicle growth, ovulation, and 
maintenance of the corpus luteum. In males, FSH regulates spermato- 
genesis by Sertoli cells within the seminiferous tubules, and LH acti- 
vates Leydig cells to produce testosterone. Androgens cause development 
of male internal and external reproductive organs and secondary 
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sexual characteristics in both sexes by binding to receptor proteins in 
the cells of target tissues. Sex steroids also exert a negative feedback 
effect on the pituitary gland and hypothalamus. 


Physiology 

Perinatal Period and Infancy 

Maternal estrogens stimulate breast development in both male and 
female fetuses. Maternal estrogens also stimulate uterine developmen- 
tal and endometrial growth; at birth, withdrawal of the high levels 
of maternal estrogen and placental progesterone causes the infant 
endometrium to regress or even slough and manifests as vaginal 
bleeding. 

At birth, levels of LH and FSH in both sexes rise markedly and 
remain elevated for several months. In the girl, FSH stimulates ovarian 
granulosa cells to produce 17$-estradiol sufficient to maintain prenatal 
breast development for up to 8 months of life. Estrogen-induced 
vaginal cornification is generally evident as abundant vaginal discharge 
at birth and is maintained as long as estrogens are produced. Ovarian 
size from birth to 3 months ranges from 0.7-3.6 cm’, decreasing to 
2.7 cm? by 12 months and to 1.7 cm? by 24 months; this size persists 
until the onset of puberty. Ultrasound studies of the ovaries in normal 
infants show many microcysts. 

Male breast development regresses rather quickly after birth. Ele- 
vated LH levels after birth stimulate Leydig cell production of testos- 
terone for 6-12 months, leading to further genital development. Penis 
length increases from 3-5 cm in the full-term newborn to 4.5-6 cm by 
2-3 years. 


Childhood 


By 2 years of age, serum gonadotropin levels decrease, and thus serum 
sex steroid levels also decrease, frequently to levels undetectable by 
conventional assays. 

Beginning approximately at ages 6-7 years in females and 7-8 years 
in males, adrenal androgen production begins to increase and can be 
detected by the presence of increasing concentrations of the weak 
adrenal androgen dehydroepiandrosterone (DHEA) and its sulfated 
derivative, DHEA sulfate (DHEAS). Despite these serum levels, there 
is initially no secondary sexual (pubic or axillary) hair development. 


Adolescence 


Beginning on average at about 10.5 years in females and 11.5 years in 
males, there is the return of activity of the hypothalamic GnRH pulse 
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(See Nelson Textbook of Pediatrics, p. 2655.) 


TABLE 42.1 


Puberty Terminology 

Gonadarche: maturation of the gonads under the control of the 
hypothalamus (GnRH) and pituitary gland (FSH and LH) 

Thelarche: presence of breast development in girls 


Gynecomastia: presence of breast development in boys 

Adrenarche or development of androgen-regulated pubarche: 
secondary sexual characteristics, including pubic hair, axillary hair, 
apocrine (underarm) odor, and acne, in both sexes 

Menarche: time of the first menstrual period 

Spermarche: time when a boy is first able to produce sperm 


generator, leading to increased serum levels of FSH and LH. The trigger 
mechanism for this resurgence is unknown, but it may be linked to 
attainment of a critical body mass or fat mass. Leptin, a hormone 
produced by fat cells, may be the connection between weight (fat mass) 
and pubertal events. In early puberty, the activity of the hypothalamic 
GnRH pulse generator is mostly evident overnight (sleep-entrained), 
with pulses increasing in number and amplitude and eventually occur- 
ring every 60-90 minutes. Over time, this process begins to occur during 
the daytime; there is always greater gonadotropin secretion at night. 
Because of the longer half-life of sex steroids, serum levels of estradiol 
and testosterone show little, if any, diurnal variation. Testosterone levels 
may be slightly higher in the morning with advancing puberty. There 
is central sensitivity to the negative feedback effects of sex steroids, 
leading to significant elevations of gonadotropins when sex steroid 
production is impaired. The function of the hypothalamic GnRH pulse 
generator can be accelerated in the setting of obesity, and LH and FSH 
secretion can revert to the prepubertal pattern in the setting of signifi- 
cant weight loss, as occurs in females with anorexia nervosa. 

Usually within 6 months of the onset of this heightened GnRH 
pulse generator activity in females, there is also increasing production 
of androgens by the adrenal glands, the major source of androgens in 
females. In males, the testes are the main source of androgens, although 
male adrenarche also begins about 6 months after gonadarche. 


Sex Steroid Effects 


In response to FSH, both testes and ovaries enlarge, starting gonad- 
arche. Ovarian granulosa cells produce 17B-estradiol, which causes 
estrogen effects that generally occur in a fixed order (Table 42.2). 
Growth increase is one of the early effects of estrogen. Growth is stimu- 
lated by estrogen-stimulated increased production of growth hormone 
and insulin-like growth factor 1. Estrogens along with growth hormone 
and thyroid hormones increase bone mineralization and growth. 

In response to LH, testicular Leydig cells produce testosterone, 
which is converted to dihydrotestosterone, leading to androgen effects 
that generally occur in the same order (Table 42.3). 

Note that growth is not stimulated early in puberty by rising tes- 
tosterone; in fact, during the phase when testosterone levels are begin- 
ning to rise, growth is usually slowed perceptibly from a prepubertal 
height velocity of perhaps 5 cm/yr to a velocity as slow as 4 cm/yr for 
12-18 months. As levels of testosterone increase closer to 400 ng/dL 
and testis volume increases to between 10 and 12 cm’, males make the 
transition to rapid growth. Rapid growth for males thus occurs for 
about 2 years in middle puberty, and slower growth continues for 2-3 
more years. 

Benign adolescent gynecomastia occurs in as many as 40-60% of 
normal males; enough estrogen relative to the amount of testosterone 
is produced so that breast development occurs. Gynecomastia usually 
starts in early to middle puberty (peak age, 13 years), before adult male 
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TABLE 42.2 Estrogen Effects 


Vaginal and urethral cornification 
Breast development, often asymmetric 
Linear growth 

Fat development 

Uterine development 

Menarche: 2-2.5 yr after breast buds 


TABLE 42.3 Androgen Effects 


Psychologic changes 

Skin and hair oils, sweat odors 
Areolar growth and pigment 
Sexual skin pigment and folding 
Phallic growth 

Voice change 

Sexual hair growth 

Hairline recession 

Statural growth 

Muscle mass/strength 


concentrations of testosterone are achieved. It typically starts on one 
side and resolves within 2 years. Gynecomastia is more common in 
obese males, although true breast tissue in this setting is often difficult 
to distinguish from fat tissue (lipomastia). 


Chronology of Puberty 


Females 

Females begin puberty at an average age of 10.5 years (range, 8-13 
years; mean + 2.5 standard deviations [SD]). There are data suggesting 
that female puberty begins at an earlier age and that African-American 
females begin puberty about 1 year earlier than white females, but this 
is not universally accepted. In 85% of females, the first clinically detect- 
able sign of puberty is breast development (thelarche), although 
ovarian enlargement, which is not clinically detectable in a strict sense, 
occurs first. Breast buds appear as small nodules either directly under- 
neath the nipples or slightly off center, causing the areolae and nipples 
to be pushed out and sometimes cause minor, transient discomfort as 
the skin around the nipple is stretched. Breast development may be 
unilateral and asymmetric in its earliest stages. Pubic hair usually 
begins to develop within the next 6 months; in approximately 15% of 
females, pubic hair precedes breast development. Such discordance has 
no clinical significance. The female adolescent growth spurt com- 
mences near the onset of thelarche, generally spanning a 2-year period 
between the ages of 11 and 13 years. Axillary hair generally begins, on 
average, between 12 and 13 years. Menarche, a rather late event in 
female puberty, occurs on average between 12.2 and 12.8 years, typi- 
cally 2-2.5 years following thelarche. Menarche is often preceded by a 
whitish, non—foul-smelling vaginal discharge (physiologic leukorrhea) 
for up to 6 months. At the time of menarche, an adolescent female has 
reached 96.5% of her adult height potential. However, more linear 
growth may remain in clinical situations in which menarche occurs at 
a younger bone age than is typical for the average adolescent female. 
Menstrual cycles for the 1st 2 years after menarche are often anovula- 
tory and irregular in frequency. 


Males 


Males begin puberty at an average age of 11.5 years (range, 9-14 years; 
mean + 2.5 SD). The Ist clinically detectable sign of puberty is 
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(See Nelson Textbook of Pediatrics, p. 2735.) 


testicular enlargement, a fact generally unknown to patients and their 
parents. From birth to the start of puberty, male testicular volumes 
range between 1 and 2 mL as determined by the use of an orchidom- 
eter (a series of ellipsoid models of varying volumes). Stretched penile 
length (measured with a rigid tape measure on the dorsum of the penis 
from the pubic symphysis to the tip of the nonerect penis without 
considering any foreskin tissue) averages about 3.5 cm (range, 
2.8-4.2 cm) at birth and grows by an average of 2.5 cm until the start 
of puberty. The onset of male puberty is considered to have begun 
when at least 1 of the 2 testicles reaches 4 mL in volume. It takes 
approximately 5-6 years for the testicles to reach the average adult 
volume of 18 mL. Approximately 75-80% of the adult testicle consists 
of seminiferous tubules; testosterone-producing Leydig cells make up 
the remainder. 

Within 6 months after the start of testicular enlargement, pubic hair 
can be found; pubic hair precedes testicular enlargement in approxi- 
mately 15%. The presence of pubic hair is incorrectly considered the 
Ist evidence of puberty in boys by both patients and parents. Pubic 
hair is followed by the development of axillary hair at approximately 
14 years of age. During this time, penile enlargement also occurs, 
reaching a mean adult length of 12.4 + 1.6 cm at 20 years of age. The 
male adolescent growth spurt typically occurs between the ages of 13 
and 15 years, commencing when the testicular volumes reach 12 mL. 
By age 15 years, a male has attained 98% of his final adult height. The 
ability of adolescent boys to produce sperm, as evidenced by detection 
of spermatozoa in urine samples, begins between 13.5 and 15 years. 


Clinical Staging of Puberty 


Standardized staging of pubertal development in both sexes allows for 
comparison between children, as well as longitudinal monitoring of 
individual children. 

Breast development in females, genitalia in males, and pubic hair 
in both sexes are scored according to 5-stage systems originally devised 
by James M. Tanner and referred to as Tanner stages 1-5. Axillary hair 
in both sexes is rated by a 3-stage system referred to as stages 1-3. 
Puberty itself is not staged because different components of puberty 
may occur at different stages. 


Females 


For breast development, Tanner stage 1 refers to no breast develop- 
ment; Tanner stage 2, to the presence of just breast buds (1 or 2); 
Tanner stage 3, to the beginning of formation of the peripheral mound 
with elevation of the breast; Tanner stage 4, to a further increase in 
breast size, with the formation of the so-called “double contour,’ in 
which the areola and papilla are both raised off the surface of the whole 
breast; and Tanner stage 5, to adult size, with a return to the single 
contour in which the surface of the areola is again flush with that of 
the breast. It may be difficult to differentiate between Tanner stages 3 
and 5 because the only difference between these 2 stages is breast size 
(determined mostly by fat content). Thus, small breasts, especially in 
an older adolescent female, should not necessarily be construed as 
Tanner stage 3, especially if she has already menstruated, which typi- 
cally occurs when the breasts have reached Tanner stage 4 and/or if 
women in the family typically have small breasts. 


Males 


For external genitalia, Tanner stage 1 refers to the prepubertal state 
(testes < 4 mL in volume); Tanner stage 2, to slight enlargement of the 
testes and scrotum; Tanner stage 3, to lengthening of the penis and 
further enlargement of the testes and scrotum; Tanner stage 4, to con- 
tinued penile growth in both length and width with development of 
the glans; and Tanner stage 5, to adult appearance. An alternative, 
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simplified, and equally accurate approach involves only sizing of the 
testicles, whereby 4 mL represents the start of puberty, 12 mL corre- 
lates with the start of the growth spurt, and 18 mL is the average adult 
size. In some cases, the appearance of pubic hair does not occur until 
the testicular volumes reach 12-15 mL. Testicular volumes may differ 
at all stages between sides but not usually by more than one size on a 
standard orchidometer. It is important not to confuse a hydrocele with 
an enlarged testis. 


Females and Males 


Tanner staging of pubic hair is similar in both sexes. Tanner stage 1 is 
defined by having no pubic hair. Tanner stage 2 is characterized by the 
presence of a few, countable strands of curly, coarse, pigmented hair 
either in the mons area or perilabially along the midline in females or 
at the base of the penis and/or on the scrotum in males. Lighter, peach 
fuzz—like hair (lanugo) in the pubic region is not pubic hair. On occa- 
sion, especially in individuals from ethnic populations from Mediter- 
ranean countries or Northern India, there may be an extension of 
coarse body hair (hypertrichosis) to the pubic region that can be dif- 
ficult to discern from pubic hair. Tanner stage 3 refers to the presence 
of coarser, darker, and curlier hairs, the number of which is no longer 
countable, which have spread more laterally. Tanner stage 4 refers to a 
thick, fully triangular pattern of hair growth, without spread to the 
thighs. Finally, Tanner stage 5 refers to the adult pattern in which there 
is spread of hair to the medial thighs. The designation Tanner stage 6 
is used to describe hair growing up the linea alba, referring to the 
so-called male escutcheon. 

Axillary hair is the simplest component of puberty to quantify. 
Stage 1 refers to the absence of any hair. Stage 2 refers to a countable 
number of curly, coarse, pigmented strands in at least 1 armpit. Stage 
3 refers to the adult complement, which is merely more hair than is 
present in stage 2. For the individual with shaved axillae, it is safe to 
assume either stage 2 or stage 3 hair is present. 


Family Patterns 


The timing of puberty is affected by familial patterns; both parents’ 
histories are important in assessing the child with early or late puberty. 
The following information is useful for establishing the parental effect: 
° Age of their mother’s menarche 

° Age their father began shaving on a daily basis 

° Age when their parents stopped growing 


PRECOCIOUS PUBERTY 

Definition 

The onset of puberty, at least in females, may be occurring earlier than 
in the past; therefore, the definition of precocious puberty has been 
modified to refer to the appearance of any feature of puberty before 7 
years of age in African-American females (and perhaps even before 6 
years), before 8 years of age in white females (and perhaps even before 
7 years), and before 9 years of age in males (regardless of race). If this 
conservative definition is applied, it remains important to consider 
pathologic causes in children who present with signs of puberty in the 
age range between the new and former definitions. The family pattern 
must also be considered; an early onset of puberty is frequently 
familial. 


Normal Variants 

Idiopathic Isolated Premature Thelarche 

This common condition is the development of breast tissue in females 
before 8 years of age in white children and 7 years of age in African- 
American children, with no other manifestations of puberty 
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(See Nelson Textbook of Pediatrics, p. 2657.) 


(Fig. 42.1). Elevated serum estrogen levels for age have been difficult 
to demonstrate, although higher levels than in age-matched normal 
females have been measured by an ultrasensitive estradiol assay. Devel- 
opment of breast tissue commonly begins between 2 and 3 years of 
age; it may be present from birth. The observed tissue may be asym- 
metric, unilateral, or bilateral. When asymmetric or unilateral, parents 
are typically concerned about the possibility of malignancy, an 
extremely rare occurrence in childhood. The early breast tissue fre- 
quently regresses without intervention, but it may persist. If it persists, 
the degree of development does not usually exceed Tanner stage 3. The 
bone age, if determined, is not frequently advanced, and there is no 
associated growth spurt. If these simple clinical criteria are met, no 
hormonal studies or additional radiologic procedures are necessary. 

Physiologic breast enlargement also occurs in neonates from pla- 
cental transfer of estrogens. Most marked in the 1st weeks of life, it 
usually regresses by 1-2 months. 


Idiopathic Isolated Precocious Adrenarche 


This common, normal variant is characterized by the development of 
pubic hair, axillary hair and odor, and/or a small amount of acne in 
white females before the age of 8 years, in African-American females 
before the age of 7 years, and in males before the age of 9 years. It 
appears to result from early production of adrenal androgens. Preco- 
cious adrenarche occurs much more commonly in females than in 
males and develops most often in obese and/or African-American 
females and in brain-injured children. There is no associated evidence 
of virilization (no growth spurt, no significant advancement of bone 
age, no increase in muscle bulk, no voice deepening, and no temporal 
hair recession). In females, there is no associated clitoromegaly and no 
evidence of estrogen-mediated components of puberty; in males, there 
is no phallic or testicular enlargement. If a child presents at a very 
young age, it is generally presumed that an organic cause (such as 
congenital adrenal hyperplasia) will be found. However, in infant males 
with isolated scrotal hair, typically no cause is found, and the hair 
subsequently falls out. In most cases of idiopathic precocious 
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FIGURE 42.1 Two-year-old twin sisters with idiopathic isolated prema- 
ture thelarche manifested by isolated breast development to Tanner 
stage 3. 
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adrenarche (benign premature adrenarche), serum levels of DHEA 
and/or DHEAS are consistent with the reference range of Tanner 
staging of the hair growth, and the 8:00 A.M. 17-hydroxyprogesterone 
level is normal. If these criteria are met, no additional laboratory 
studies are indicated. This pubertal variant was considered benign and 
self-limited, but data suggest that at least in females with associated 
low birth weight, it may suggest an increased risk for polycystic ovary 
disease. 


Isosexual Central Precocious Puberty 


Central sexual precocity results from activation of the hypothalamic- 
pituitary-gonadal axis at an earlier-than-normal age (Fig. 42.2). Iso- 
sexual development refers to pubertal changes appropriate for the sex 
of the child, such as breast budding in females and testicular enlarge- 
ment in males. This is to be distinguished from contrasexual develop- 
ment, in which the pubertal features in females are mediated by male 
hormones (clitoromegaly) and those in males are mediated by female 
hormones (breast development). 

Causes of isosexual precocious puberty are listed in Tables 42.4 and 
42.5. The majority of cases in females, who are at least 10-fold more 
likely to be affected than males, are idiopathic, whereas only a small 
percentage of affected males have no definable cause. Ovarian size, as 
seen on a sonogram, is generally a reflection of ovarian estrogen pro- 
duction. In true central puberty, pituitary gonadotropins cause both 
Ovaries to increase in size. 

In true male central puberty, testes enlarge and androgen produc- 
tion increases. The size of testes enlargement sufficient to determine 
puberty is debatable. In general, prepubertal testes are less than 4 cm’ 
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FIGURE 42.2 A 3-year-old girl (left) with isosexual central precocious 
puberty characterized by both breast and pubic hair development, and 
tall stature, contrasted to a normal 5-year-old prepubertal girl (right). 


TABLE 42.4 Classification of Sexual Precocity 


True Precocious Puberty or Complete Isosexual Precocity 
(GnRH-Dependent Sexual Precocity or Premature Activation 
of the Hypothalamic GnRH Pulse Generator) 
Idiopathic true precocious puberty 
CNS tumors 
Optic glioma associated with neurofibromatosis type 1 
Hypothalamic astrocytoma 
Other CNS disorders 
Developmental abnormalities including hypothalamic hamartoma of the tuber 

cinereum 
Encephalitis 
Static encephalopathy 
Brain abscess 
Sarcoid or tubercular granuloma 
Head trauma 
Hydrocephalus 
Arachnoid cyst 
Myelomeningocele 
Vascular lesion 
Cranial irradiation 
True precocious puberty after late treatment of congenital virilizing adrenal 

hyperplasia or other previous chronic exposure to sex steroids 
True precocious puberty due to gain-of-function mutations: 

in the K/ISS7R/GRP54 genes 
in the K/SS7 gene 


Incomplete Isosexual Precocity (Hypothalamic 
GnRH-Independent) 


Males 

Gonadotropin-secreting tumors 

hCG-secreting CNS tumors (e.g., chorioepitheliomas, germinoma, teratoma) 

hCG-secreting tumors located outside the CNS (hepatoma, teratoma, 
choriocarcinoma) 

Increased androgen secretion by adrenal gland or testis 

Congenital adrenal hyperplasia (CYP21 and CYP11B1 deficiencies) 

Virilizing adrenal neoplasm 

Leydig cell adenoma 

Familial testotoxicosis (sex-limited autosomal dominant pituitary gonadotropin- 
independent precocious Leydig cell and germ cell maturation) 

Cortisol resistance syndrome 


SECTION 10 Endocrine and Metabolic Disorders 


Females 

Ovarian cyst 

Estrogen-secreting ovarian or adrenal neoplasm 
Peutz—Jeghers syndrome 


Both Sexes 

McCune—Albright syndrome 

Hypothyroidism 

latrogenic or exogenous sexual precocity (including inadvertent exposure to 
estrogens in food, drugs, or cosmetics) 


Variations of Pubertal Development 
Premature thelarche 

Premature Isolated menarche 

Premature adrenarche 

Adolescent gynecomastia in boys 
Macroorchidism 


Contrasexual Precocity 


Feminization in Males 

Adrenal neoplasm 

Chorioepithelioma 

CYP11B1 deficiency 

Late-onset adrenal hyperplasia 

Testicular neoplasm (Peutz—Jeghers syndrome) 

Increased extraglandular conversion of circulating adrenal androgens to 
estrogen 

latrogenic (exposure to estrogens) 


Virilization in Females 

Congenital adrenal hyperplasia 

CYP21 deficiency 

CYP11B1 deficiency 

3B-HSD deficiency 

Virilizing adrenal neoplasm (Cushing syndrome) 
Virilizing ovarian neoplasm (e.g., arrhenoblastoma) 
latrogenic (exposure to androgens) 

Cortisol resistance syndrome 

Aromatase deficiency 


CNS, central nervous system; CYP11B1, 11-hydroxylase; CYP21, 21-hydroxylase; GnRH, gonadotropin-releasing hormone; hCG, human chorionic 
gonadotropin; 3B-HSD, 3B-hydroxysteroid dehydrogenase 4,5-isomerase; K/SS7R/GPR54, kisspeptin/G protein-coupled receptor 54. 
Moditied from Grumbach MM. True or central precocious puberty. In: Kreiger DT, Bardin CW, eds. Current Therapy in Endocrinology and 


Metabolism, 1985-1986. Toronto, Canada: BC Decker: 1985:4-8. 


in volume and 2 cm in length. If on examination both testes are 
enlarged and androgen signs are present, it is likely puberty is under- 
way and testes-derived testosterone levels are increasing. If basal pitu- 
itary gonadotropins are increasing, or if LH levels increase markedly 
after GnRH stimulation, the diagnosis is central precocious puberty. 

Hypothalamic hamartomas, which may be associated with ectopic 
secretion of GnRH or transforming growth factor-a, are common 
causes of precocious puberty. Approximately 3% of children with neu- 
rofibromatosis type I develop central precocity, usually caused by a 
hypothalamic optic glioma. 

Central precocious puberty in the setting of untreated or under- 
treated peripheral causes of puberty, such as virilizing congenital 
adrenal hyperplasia, is caused by premature activation of the GnRH 
pulse generator, presumably as a result of continuous central nervous 


system exposure to high levels of androgens (or androgens aromatized 
to estrogens). Precocious puberty with thelarche and menarche in the 
setting of long-standing severe untreated primary hypothyroidism 
(Van Wyk—Grumbach syndrome) can occur, although the mechanism 
is not clear. It is clinically distinguished by the usual manifestations of 
hypothyroidism, including delayed growth and bone age, rather than 
the advanced bone age present with other causes of precocious puberty. 


Incomplete Isosexual Precocity (Precocious 
Pseudopuberty) 


Precocious pseudopuberty refers to gonadal or adrenal sex-steroid 
secretion not resulting from activation of the hypothalamic-pituitary- 
gonadal axis (pituitary-independent). It is caused by excessive produc- 
tion of or exposure to either androgens or estrogens (see Table 42.4). 


TABLE 42.5 Differential Diagnosis of Sexual Precocity 


Plasma 


Disorder Gonadotropins 


Gonadotropin Dependent 
True precocious Prominent LH pulses 
puberty (premature 
reactivation of 
GnRH pulse 
generator) 


LH Response 
to GnRH 


Pubertal LH 


response initially 


during sleep 


Serum Sex 
Steroid 
Concentration 


Pubertal values of 
testosterone or 
estradiol 


Incomplete Sexual Precocity (Pituitary Gonadotropin Independent) 


Males 

Chorionic 
gonadotropin- 
secreting tumor in 


High hCG, low LH 


males 

Leydig cell tumor in Suppressed 
males 

Familial Suppressed 
testotoxicosis 

Virilizing congenital Prepubertal 
adrenal hyperplasia 

Virilizing adrenal Prepubertal 
tumor 

Premature adrenarche Prepubertal 

Females 

Granulosa cell tumor Suppressed 
(follicular cysts may 
present similarly) 

Follicular cyst Suppressed 

Feminizing adrenal Suppressed 
tumor 

Premature thelarche Prepubertal 

Premature adrenarche Prepupbertal 


Prepubertal LH 
response 


No LH response 


No LH response 


Prepubertal LH 
response 


Prepubertal LH 
response 


Prepubertal LH 
response 


Prepubertal LH 
response 


Prepubertal LH 
response 


Prepubertal LH 
response 

Prepubertal LH, 
pubertal 

Prepubertal LH 
response 


Pubertal value of 
testosterone 


Very high testosterone 


Pubertal values of 
testosterone 


Elevated 17-OHP in 
CYP21 deficiency or 
elevated 
11-deoxycortisol in 
CYP11B1 deficiency 


High DHEAS and 
androstenedione 
values 


Prepubertal 


testosterone, DHEAS, 


Or urinary 


17-ketosteroid values 


appropriate for pubic 
hair stage 2 


Very high estradiol 


Prepubertal to very 
high estradiol 


High estradiol and 
DHEAS values 

Prepubertal or early 
estradiol response 

Prepubertal estradiol: 
DHEAS or urinary 


17-ketosteroid values 


appropriate for pubic 
hair stage 2 
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Gonadal Size 


Normal pubertal testicular 
enlargement or ovarian 
and uterine enlargement 


Slight-to-moderate uniform 
enlargement of testes 


Irregular, asymmetric 
enlargement of testes 


Testes symmetric and 
> 2.5 cm but smaller than 
expected for pubertal 
development; 
spermatogenesis occurs 


Testes prepubertal 


Testes prepubertal 


Testes prepubertal 


Ovarian enlargement on 
physical examination, CT, 
or US 


Ovarian enlargement on 
physical examination, CT, 
or US 


Ovaries prepubertal 


Ovaries prepubertal 


Ovaries prepubertal 


Miscellaneous 


MRI of brain to rule out CNS 
tumor or other abnormality; 
skeletal survey for 
McCune—Albright syndrome 
(by US) 


Hepatomegaly suggests 
hepatoblastoma; CT scan of 
brain if chorionic 
gonadotropin-secreting CNS 
tumor suspected 


Familial; probably sex-limited, 
autosomal dominant trait 


Autosomal recessive; may be 
congenital or late-onset 
form, may have salt loss in 
CYP21 deficiency or 
hypertension in CYP11B1 
deficiency 


CT, MRI, or US of abdomen 


Onset usually after 6 yr of 
age; more frequent in 
CNS-injured children 


Tumor often palpable on 
physical examination 


Single or recurrent episodes 
of menses and/or breast 
development; exclude 
McCune—Albright syndrome 


Unilateral adrenal mass 


Onset usually before 3 yr 
of age 

Onset usually after 6 yr of 
age; more frequent in 
brain-injured children 


Continued 
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TABLE 42.5 Differential Diagnosis of Sexual Precocity—cont'd 


Serum Sex 


Plasma 
Gonadotropins 


LH Response 
to GnRH 


Prepubertal LH 
response 


Disorder 


Late-onset virilizing 
congenital adrenal 
hyperplasia 


Prepubertal 


Steroid 

Concentration 

Elevated 17-OHP in 
basal or 
corticotrophin- 


Gonadal Size Miscellaneous 


Ovaries prepubertal Autosomal recessive 


stimulated state 


In Both Sexes 
McCune—Albright 
syndrome 


Suppressed 


Suppressed 


LH prepubertal; FSH 
may be slightly 
elevated 


Prepubertal FSH 
may be 
increased 


Primary 
hypothyroidism 


Sex steroid pubertal or 
higher 


Estradiol may be 
pubertal 


Ovarian enlargement 
(visible on US); slight 
testicular enlargement 


skeletal survey for polyostotic 
fibrous dysplasia and skin 
examination for café-au-lait 
spots 

Testicular enlargement; 
ovaries cystic 


TSH and prolactin elevated: 
T, low 


CNS, central nervous system; CT, computed tomography; CYP, P450 cytochrome isoenzyme; DHEAS, dehydroepiandrosterone sulfate; FSH, 
follicle-stimulating hormone; GnRH, gonadotropin-releasing hormone; hCG, human chorionic gonadotropin; LH, luteinizing hormone; MRI, 
magnetic resonance imaging; 17-OHP, 17-hydroxyprogesterone; Tu, thyroxine; TSH, thyroid-stimulating hormone; US, ultrasonography. 


Androgen Exposure or Overproduction 


Anabolic steroids have been taken by males and females to improve 
muscle development and athletic performance. In males, if anabolic 
steroids are taken at the age of puberty, secondary sexual development 
will progress, but the testes will remain small. In females, anabolic 
steroids can produce clitoral enlargement (particularly in diameter), 
complexion problems, and hirsutism, as well as emotional lability. 

Females. Ovarian tumors producing androgens (thecoma) and 
sometimes also estrogen may be palpable on physical examination and 
are usually easily seen on a pelvic sonogram. Arrhenoblastoma, a viril- 
izing ovarian tumor, is rare in children. Gonadoblastomas, which are 
not always virilizing, typically occur in phenotypic females who have 
a Y chromosome. Granulosa cell tumors usually cause estrogen over- 
production but occasionally cause virilization due to excessive andro- 
gen production. 

Adrenal tumors can be detected with ultrasonography, computed 
tomography, or MRI. Androgens produced by adrenal tumors are not 
suppressed by dexamethasone. Excessive adrenal androgens may also 
be produced as a result of late-onset or nonclassic congenital adrenal 
hyperplasia, but the androgen production can be suppressed by dexa- 
methasone. The enzymatic deficiency in late-onset congenital adrenal 
hyperplasia is mild, inasmuch as it does not cause ambiguity of geni- 
talia at birth; however, it is associated with an accelerated growth rate 
and advanced bone age and may be clinically recognized any time after 
birth. 

Males. If both testes are slightly increased in volume and testoster- 
one levels are increased but LH and FSH levels are low, there are 2 
possibilities: either the testes are being stimulated by human chorionic 
gonadotropin (hCG), which acts like LH and does not increase testicu- 
lar volume, as with FSH, or the testes are functioning autonomously. 
hCG levels must be determined, and if they are increased, tumors 
producing hCG must be identified and removed; such tumors may 
include hepatoma, hepatoblastoma, teratoma, and chorioepithelioma. 

If both testes are producing testosterone autonomously without 
gonadotropin stimulus, the condition of testotoxicosis is probable. 
Children with this autosomal dominant disorder have signs of puberty 
by 4 years of age (Fig. 42.3). Testosterone production and Leydig cell 
hyperplasia occur in the setting of prepubertal serum LH levels, 


because of a gain-of-function mutation in the gene for the LH receptor, 
resulting in its constitutive activation. Affected males are fertile. 
Females who carry this mutation do not develop precocious puberty. 

If one testis is enlarged, a Leydig cell adenoma in that testicle is 
probably producing excess testosterone; the tumor must be removed. 
The high levels of testosterone suppress LH and FSH secretion, so the 
other testicle remains small. Depending on age, a testicular prosthesis 
may be inserted to replace the removed testicle. 

If androgen signs are developing steadily but neither testis has 
enlarged, the androgen is presumed to be either from the adrenal 
glands or from an exogenous source. Inappropriate adrenal production 
of androgens results from tumors or abnormalities in steroid synthesis 
enzymatic activity. An adrenal tumor would have affected growth 
whenever the gland started to function, but not necessarily beginning 
at birth. A defect in steroid synthesis caused by an enzymatic deficiency 
(usually 21-hydroxylase) may be congenital, as in congenital adrenal 
hyperplasia, and the excess androgen production resulting from the 
enzymatic deficiency would have been produced from the time of 
birth, leading to increased growth velocity from early life. Children with 
congenital adrenal hyperplasia may have severe adrenal crises during an 
illness or surgery. A late-onset or nonclassic form of adrenal hyperplasia 
may also occur. A tumor can be identified by computed tomography, 
ultrasonography, or MRI and must be removed. 


Estrogen Overproduction 


The most common cause of premature progressive breast development 
is simple premature thelarche. In this case, a pelvic ultrasound study 
may show prepubertal ovaries varying from 1-3 cm’ in volume with 
many small estrogen-producing follicular cysts. Some cysts may be 
larger (persistent follicular cysts). Estradiol is produced by the granu- 
losa cells lining the follicles and causes vaginal discharge and breast 
development. Estradiol may cause uterine development as well but 
generally does not cause increased growth velocity. LH and FSH levels 
are low and if estradiol is measured, it might be elevated but minimally 
so. The follicular cysts regress spontaneously (90% of the time) within 
a few weeks to months, and the vaginal cornification is lost within 1 
week of cyst regression. The breast tissue then softens but can remain 
for months, and may never completely regress. Typically premature 
thelarche due to persistent follicular cysts is usually benign and 
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FIGURE 42.3 A boy with familial testotoxicosis associated with significant penile enlargement, moderate 
pubic hair growth, and mild-to-moderate testicular enlargement over a 1.75-year period. Left, at 2 years of 


age. Right, at 3.75 years of age. 


self-limited. However, 10% of the cysts may persist and enlarge, with 
some follicular cysts becoming large enough to threaten ovarian 
torsion and to necessitate surgical treatment. 

Granulosa cell tumors are usually isolated occurrences but may 
occur as part of Peutz—Jeghers syndrome (oral melanosis and intesti- 
nal polyps). Aromatase is the enzyme that is responsible for conversion 
of androgen to estrogen; aromatase excess is an autosomal dominant 
disorder that can lead to increased estradiol levels. 

McCune-Albright syndrome. This disorder (Fig. 42.4) consists of 
the clinical triad of polyostotic fibrous dysplasia, hyperpigmented 
macules (café-au-lait spots) with irregular borders (“coast of Maine”), 
and multiple autonomous endocrinopathies (most commonly 
gonadotropin-independent precocious puberty, but also hyperthy- 
roidism, acromegaly, and hypercortisolemia) (Table 42.6). Precocious 
puberty occurs much more commonly in females than in males. 
Patients have a mutation in their G,a gene that occurs early in embryo- 
genesis and results in constitutive activation of adenylyl cyclase only 
in affected tissues. This activation leads to the autonomous function 
of involved tissues, resulting, in the case of affected endocrine glands, 
in unregulated production of hormone. Precocity in females, often 
heralded by menstrual bleeding, frequently occurs before 2 years of 
age. The ovaries are enlarged and have many follicular cysts; the patient 
has elevated levels of estradiol. Later, when the GnRH pulse generator 
is activated subsequent to unabated sex steroid exposure, the patient 
may transition from gonadotropin-independent to central precocious 
puberty. 


Vaginal Bleeding 


The usual progression of puberty in females dictates that breast 
and uterine development begin about 2 years before the menses. 


When the rate of pubertal progression is accelerated, menses may 
start as early as 1-1.5 years after thelarche; if the rate is slow, menses 
may start perhaps 3-4 years after thelarche. In any case, vaginal 
bleeding is always a much later sign than breast development, and 
whenever vaginal bleeding occurs too early—especially if it ever 
occurs before breast development starts—it must be investigated 
thoroughly. 


Gynecomastia 


Breast tissue frequently develops in males during midpuberty, when 
the production of estrogen from testosterone in the testes temporarily 
overbalances the testosterone effects. Only rarely does breast tissue 
develop in prepubertal males, inasmuch as young males do not respond 
to transient gonadotropin stimulation with estrogen production. Dif- 
ferential diagnosis includes estrogen-producing tumors (gonadal or 
adrenal), exogenous estrogen, hCG-producing tumors, aromatase 
excess, certain types of male pseudohermaphroditism, and Klinefelter 
syndrome. Certain medications and illicit drugs are associated with 
gynecomastia. A prolactinoma should be considered, especially in the 
setting of galactorrhea. 

Evaluation of gynecomastia in prepubertal males may include 
karyotyping and measurement of gonadotropins, estradiol, testoster- 
one, hCG, and prolactin level. Imaging is dictated by the results. 


® Diagnostic Approach to Precocious Puberty 


In the initial evaluation of the child with precocious puberty, the clini- 
cian attempts to determine: 

e Whether the process is a normal variant or pathologic 

° The rate of progression of the pubertal changes 

° Whether the process originates centrally or peripherally 
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FIGURE 42.4 A 12-year-old girl with McCune-Albright syndrome with a café-au-lait spot with an irregular 
border (“coast of Maine”) on the back (/eft) and representative lesion of fibrous dysplasia involving the left 
humerus (right). 


TABLE 42.6 Clinical Manifestations of McCune-Albright Syndrome in 158 Reported Patients 


— CC OF PATIENTS Ss Mean Age at Diagnosis 
Manifestation Total (n= 158) Male (n= 53) Female (n= 105) (yr) and Range Comments 
Fibrous dysplasia oF 51 103 7.7 (0-52) Polyostotic more common than 
monostotic 


Café-au-lait lesion 85 49 86 7.7 (0-52) Variable size and number of 
lesions, irregular border 
(coast of Maine) 


Sexual precocity 4.9 (0.3-9) Common initial manifestation 


Acromegaly/gigantism 14.8 (0.2-42) 17/26 of patients with 
adenoma on MRI/CT 


Hyperprolactinemia 16.0 (0.2-42) 23/42 of acromegalic patients 


with PRL 


Hyperthyroidism 14.4 (0.5-37) Euthyroid goiter is common 

Hypercortisolism 4.4 (0.2-17) All primary adrenal 

Myxomas 34 (17-50) Extremity myxomas 

Osteosarcoma 36 (34-37) At site of fibrous dysplasia, not 
related to prior radiation 
therapy 

Rickets/osteomalacia 27.3 (8-52) Responsive to phosphorus plus 
calcitriol 

Cardiac abnormalities (0.1-66) Arrhythmias and CHF reported 

Hepatic abnormalities 1.9 (0.3-4) Neonatal icterus is most 
common 


*Evaluations include clinical and biochemical data; other rarely described manifestations include metabolic acidosis, nephrocalcinosis, 
developmental delay, thymic and splenic hyperplasia, and colonic polyps. 

CHF, congestive heart failure; CT, computed tomography; MRI, magnetic resonance imaging; PRL, prolactin. 

Modified from Ringel MD, Schwindinger WF, Levine MA. Clinical implications of genetic defects in G proteins: the molecular basis of McCune- 
Albright syndrome and Albright hereditary osteodystrophy. Medicine (Baltimore). 1996;75:171-184. 


Initial evaluation should include: 

° Medical history: growth patterns; excessive responses to illness 
(adrenal crisis); exposure to exogenous sex steroids; history of 
intracranial insults (hydrocephalus, meningitis, or encephalitis) 

° Review of symptoms: growth records, head size since birth, vision 
problems, headache, age at onset of androgen signs (behavior 
changes, need for increased hair washing because of oiliness, need 
for deodorant), age at onset of estrogen signs (vaginal discharge or 
breast budding), café-au-lait spots (“coast of Maine” in McCune- 
Albright syndrome or “coast of California” in neurofibromatosis) 

e Family history: timing of maternal and paternal growth and puber- 
tal development; siblings and cousins with early development; 
neurofibromatosis 

° Physical examination: vital signs, height, weight, head circumfer- 
ence, tooth age, café-au-lait spots, neurofibromata, pubic and axil- 
lary hair, body odor, skin and hair oils, visual fields, optic discs, 
breast development, vaginal cornification/discharge, penis/clitoris 
size, scrotal/labial development, testicular volume, pubic hair 
stages, facial asymmetry or bone abnormalities (fibrous dysplasia 
of McCune—Albright syndrome), neurologic status, affect or mood, 
intellectual ability 
The 1st test is usually a determination of bone age; if the bone age 

is not significantly advanced (within 20% of the chronologic age in 

months) and not associated with an increase in height velocity, the 

results suggest a normal variant, a slowly progressive process, or a 

process of relatively short duration. If the bone age is significantly 

advanced, a workup is mandatory (Table 42.7). Clinical and laboratory 

findings in sexual precocity are listed in Table 42.5. 

For females with breast development, pelvic ultrasonography and 
determination of central precocity are the initial diagnostic tests. 
Because of the pulsatile secretion of serum gonadotropins, random 
measurements of LH and FSH even by ultrasensitive immunochemi- 
luminescent assay (ICMA) are occasionally low and appear prepuber- 
tal even in the setting of central activation. If this occurs and there is 
clinical suspicion nonetheless of maturation of the GnRH pulse gen- 
erator, a GnRH stimulation test should be performed. With central 
precocity, as with normal puberty, endogenous GnRH that “primes” 
the pituitary gonadotrophs is being produced, so that after administra- 
tion of a single pharmacologic dose of GnRH, there is copious release 
of LH. If, on the other hand, the precocity has a peripheral basis, the 
high levels of circulating estradiol, through central negative feedback, 
prevent the gonadotrophs from releasing LH in response to the exog- 
enous GnRH bolus. 

If a female with advanced bone age presents only with contrasexual 
androgenic effects (specifically, evidence of virilization), measurement 
of gonadotropins and estradiol is not indicated as an adrenal cause 
should be considered. Measurement of serum 17-hydroxyprogesterone 
is the diagnostic test for 21-hydroxylase deficiency, the most common 
enzyme abnormality associated with nonclassic or late-onset adrenal 
hyperplasia. On occasion, an adrenocorticotropic hormone (ACTH) 
stimulation test may need to be performed to determine the specific 
enzymatic deficiency. Screening for Cushing syndrome with a 24-hour 
urine collection with measurement of free cortisol (and creatinine to 
document completeness of the collection) or midnight salivary cortisol 
may also be indicated if the appropriate “cushingoid” body habitus is 
present. Generally, linear growth is attenuated with Cushing syndrome, 
which is in contrast to most other causes of precocious puberty. Given 
the typical lack of ovarian involvement in the pathology of virilization 
in girls, magnetic resonance imaging of the head is not usually 
indicated. 

For males, the testicular examination guides the evaluation by sug- 
gesting whether there is a testicular or adrenal source of the androgens. 
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TABLE 42.7 Diagnostic Approach to 
Precocious Puberty 


Girls with Breast Development, with or Without 

Androgen Effects 

Random serum FSH and LH measurement by ICMA; estradiol measurement 

GnRH stimulation test (if random FSH and LH levels are uninformative) 

Pelvic ultrasonography 

Prepubertal ovaries: ultrasonography (or other radiologic imaging) to image 
adrenal glands and question about exogenous sources 

One enlarged ovary: either functioning ovarian cyst or solid granulosa-cell 
tumor 

Bilaterally enlarged ovaries for age: GnRH test to distinguish between 
central precocity (usual) or McCune—Albright syndrome (rare) 

Head MRI with contrast medium (if central precocity is confirmed 
biochemically and is progressive) 


Girls with Contrasexual Androgen Effects (Virilization) 

Serum total testosterone (provides an index of the severity of the process) 

17-Hydroxyprogesterone (for CAH) 

ACTH stimulation test (for CAH) (optional) 

Midnight salivary cortisol or 24-hr urine free cortisol and creatinine (for 
Cushing syndrome) 

Abdominal/pelvic MRI (if testing suggests either an adrenal or ovarian tumor) 


Boys with Isosexual Precocity 

Prepubertal testes: ultrasonography (or other radiologic imaging) of the 
adrenal glands; question about exogenous sources 

One enlarged testis: ultrasonography (or other radiologic imaging) of this 
testis for an androgen-producing tumor 

Bilaterally enlarged testes for age: GnRH test to distinguish between 
central precocity and other causes (familial testotoxicosis, hCG-producing 
tumor, CAH with adrenal rests, or hypothyroidism) 

If central precocity is confirmed biochemically, head MRI with contrast 


Tests to Consider, in Either Sex, Depending on 
Clinical Presentation 

serum hCG 

Prolactin 

T, and TSH 


ACTH, adrenocorticotropic hormone; CAH, congenital adrenal 
hyperplasia; FSH, follicle-stimulating hormone; GnRH, gonadotropin- 
releasing hormone; hCG, human chorionic gonadotropin; ICMA, 
Iimmunochemiluminescent assay; LH, luteinizing hormone; MRI, 
magnetic resonance imaging; Tu, thyroxine; TSH, thyroid-stimulating 
hormone. 


Testotoxicosis and hCG-producing tumors cause some testicular 
enlargement but less than expected for the degree of virilization. 


® Treatment of Precocious Puberty 

General Issues 

Not all cases of precocious puberty necessitate treatment. Cases of 
idiopathic precocious thelarche and adrenarche should be monitored, 
because their manifestations are not typically progressive and there is 
no significant early onset of the other components of puberty or short 
stature. In addition, not all children with central precocious puberty 
require treatment, inasmuch as a significant number of cases are either 
slowly progressive and/or transient. Unless there is rapid progression 
and/or significant psychosocial difficulties, most children with central 
precocity should be observed for a 3- to 6-month period before puber- 
tal reversal therapy is initiated. The reasons that favor treatment 


include preservation of acceptable final height, prevention of psycho- 
logic trauma (menstruation at an early age), reversal of mature phys- 
ical appearance to decrease the risk of pregnancy in females (because 
other people assume that affected children are older than they appear), 
and reduction of aggressiveness and preoccupation with sexuality. 
Serious psychologic effects of early puberty are not usually encoun- 
tered. If a decision is made to reverse puberty, the goal of therapy is to 
inhibit secretion and/or effects of estrogens in females and androgens 
in males (Table 42.8). 


Central Precocious Puberty 


The goal of therapy is to inhibit secretion of gonadotropins and reduce 
production of sex steroids by the administration of GnRH analogs 
with a prolonged duration of action (Table 42.9). This causes down- 
regulation of pituitary GnRH receptors, preventing the response to 
endogenous GnRH and thus decreasing LH and FSH secretion. Several 
doses of GnRH are necessary to produce the antagonistic response 
because the treatment initially stimulates the axis and only later results 
in downregulation of pituitary GnRH receptors. Accurate verification 
of adequate suppression of the axis typically requires repeat GnRH 
testing, although random LH-ICMA levels may be sufficient. 
Therapy is stopped at about 11 years in females and 12 years in 
males so that puberty can resume. Successful GnRH agonist treatment 
is associated with a stabilization of androgen effects in males and 
estrogen effects in females; there is no effect on androgen-mediated 
events in females as androgens are predominately produced by the 
adrenal glands. Complete reversal of physical changes to the prepuber- 
tal state is unusual. Height velocity and the rate of bone age maturation 


TABLE 42.8 Objectives for the 
Management and Treatment of True 
Precocious Puberty 


Detection and treatment of an expanding intracranial lesion 

Arrest of premature sexual maturation until the normal age at onset of 
puberty 

Regression of secondary sexual characteristics already present 

Attainment of normal mature height; suppression of the rapid rate of 
skeletal maturation 

Prevention of emotional disorders and handicaps and alleviation of parental 
anxiety; promotion of understanding by counseling, early sex education, 
and acceleration of social age 

Reduction of risk of sexual abuse and early sexual debut 

Prevention of pregnancy in girls 

Preservation of future fertility 

Diminishment of the increased risk of breast cancer associated with early 
menarche 


From Grumbach MM. True or central precocious puberty. In: Krieger 
DT, Bardin CW, eds. Current Therapy in Endocrinology and 
Metabolism, 1985-1986. Toronto, Canada: BC Decker; 1989:4-8. 


TABLE 42.9 GnRH Analogs Used to Treat 
Precocious Puberty 


Leuprolide acetate (Lupron Depot) given as an intramuscular injection every 


1-3 mo* 
Leuprolide acetate (Lupron) given as a daily subcutaneous injection 
Nafarelin acetate (Synarel) given b.i.d. by an intranasal route 


* Preferred because of Infrequent dosing. 
b.i.d., twice a day; GnRH, gonadotropin-releasing hormone. 
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should slow; on some occasions, height velocity actually becomes sub- 
normal. This is not necessarily problematic as long as bone age matura- 
tion slows commensurately. Final height is optimized with earlier 
initiation of therapy. Once GnRH analog therapy is discontinued, reac- 
tivation of the hypothalamic-pituitary-gonadal axis occurs within 12 
months. Long-term fertility data in individuals treated with GnRH 
analogs as children continues to grow, but studies suggest successful 
childbearing in women and normal testicular function in young adult 
men following GnRH therapy. 

Large tumors in the hypothalamic-pituitary region are surgically 
removed, and both the tumor or the surgery can precipitate central 
precocious puberty. However, hypothalamic hamartomas are benign 
and tend to grow very slowly; therefore, surgery is usually not 
recommended. 


Precocious Pseudopuberty (Incomplete Isosexual Precocity) 


Treatment is directed at the underlying cause (‘Table 42.10). The preco- 
cious puberty of McCune—Albright syndrome is treated with inhibitors 
(testolactone or anastrozole) of aromatase, the enzyme that converts 
androgen to estrogen. The results of this approach are variable, and 
sometimes a GnRH agonist must be added if central puberty is also 
present. Ketoconazole is an effective therapy for familial testotoxicosis 
(due to a constitutively active LH receptor) because it has the desirable 
and reversible side effect of interfering with sex steroid synthesis; spi- 
ronolactone is an androgen receptor blocker. 


DELAYED OR ABSENT PUBERTY 


Delayed puberty is the failure of development of any pubertal feature 
by 13 years of age in females or by 14 years of age in males. A lower 
cutoff may be appropriate in a child with a strong familial pattern of 
early puberty. 


$ Differential Diagnosis 


Delay or absence of puberty is caused by: 

° Constitutional delay: a variant of normal 

° Hypogonadotropic hypogonadism: low gonadotropin levels as a 
result of a defect of the hypothalamus and/or pituitary gland 
(Tables 42.11 and 42.12) 

° Hypergonadotropic hypogonadism: high gonadotropin levels as a 
result of a lack of negative feedback because of a gonadal problem 
(see Tables 42.11 and 42.12). Girls may have isolated absence of 
adrenarche with normal breast development (see later discussion). 


TABLE 42.10 Treatment of Precocious 
Pseudopuberty (Incomplete Isosexual 
Precocity) 


Tumors 
Surgical removal 
Chemotherapy and/or radiation as indicated 
Illicit or unintentional administration of exogenous estrogens or androgens 
should be uncovered and eliminated 
Familial testotoxicosis: ketoconazole or spironolactone and testolactone 
Adrenal hyperplasia: exogenous glucocorticoid 
Hypothyroidism: levothyroxine 
McCune—Albright syndrome: testolactone or anastrozole 
GnRH agonist therapy may need to be added to any of above medical 
therapies if central puberty becomes superimposed at an early age 


GnRH, gonadotropin-releasing hormone. 
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(See Nelson Textbook of Pediatrics, p. 2643.) 


TABLE 42.11 


Idiopathic (Constitutional) Delay in Growth and Puberty 
(Delayed Activation of Hypothalamic LRF Pulse Generator) 


Hypogonadotropic Hypogonadism: Sexual Infantilism 
Related to Gonadotropin Deficiency 
CNS Disorders 


Tumors 

Craniopharyngiomas 

Germinomas 

Other germ cell tumors 

Hypothalamic and optic gliomas 

Astrocytomas 

Pituitary tumors (including MEN-1, prolactinoma) 


Other Causes 

Langerhans histiocytosis 

Postinfectious lesions of the CNS 

Vascular abnormalities of the CNS 

Radiation therapy 

Congenital malformations, especially associated with craniofacial anomalies 
Head trauma 

Lymphocytic hypophysitis 


Isolated Gonadotropin Deficiency 
Kallmann syndrome 
With hyposmia or anosmia 
Without anosmia 
LHRH receptor mutation 
Congenital adrenal hypoplasia (DAX7 mutation) 
Isolated LH deficiency 
Isolated FSH deficiency 
Prohormone convertase 1 deficiency (PCI) 


Idiopathic and Genetic Forms of Multiple Pituitary Hormone 
Deficiencies Including PROP7 Mutation 
Miscellaneous Disorders 

Prader—Willl syndrome 

Laurence-Moon or Bardet-Bied! syndrome 
Functional gonadotropin deficiency 

Chronic systemic disease and malnutrition 

sickle cell disease 

Cystic fibrosis 

Acquired immunodeficiency syndrome (AIDS) 
Chronic gastroenteric disease 

Chronic renal disease 

Malnutrition 
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Classification of Delayed Puberty and Sexual Infantilism 


Anorexia nervosa 
Bulimia 
Psychogenic amenorrhea 
Impaired puberty and delayed menarche in female athletes and ballet dancers 
(exercise amenorrhea) 
Hypothyroidism 
Diabetes mellitus 
Cushing disease 
Hyperprolactinemia 
Marijuana use 
Gaucher disease 


Hypergonadotropic Hypogonadism 

Males 

The syndrome of seminiferous tubular dysgenesis and its variants (Klinefelter 
syndrome) 

Other forms of primary testicular failure 

Chemotherapy 

Radiation therapy 

Testicular steroid biosynthetic defects 

Sertoli-only syndrome 

LH receptor mutation 

Anorchia and cryptorchidism 

Trauma/surgery 


Females 

The syndrome of gonadal dysgenesis (Turner syndrome) and its variants 
XX and XY gonadal dysgenesis 

Familial and sporadic XX gonadal dysgenesis and its variants 
Familial and sporadic XY gonadal dysgenesis and its variants 
Aromatase deficiency 

Other forms of primary ovarian failure 

Premature menopause 

Radiation therapy 

Chemotherapy 

Autoimmune oophoritis 

Galactosemia 

Glycoprotein syndrome type 1 

Resistant ovary 

FSH receptor mutation 

LH/hCG resistance 

Polycystic ovarian disease 

Trauma/surgery 

Noonan or pseudo-Turner syndrome 

Ovarian steroid biosynthetic defects 


CNS, central nervous system; FSH, follicle-stimulating hormone; hCG, human chorionic gonadotropin; LH, luteinizing hormone; LHRH, luteinizing 
hormone-releasing hormone; LRF, luteinizing hormone-releasing factor; MEN, multiple endocrine neoplasia. 


Constitutional Delay of Growth and Puberty 


This is the most common cause of delayed puberty and is thought to 
be a normal variant. It is usually diagnosed in males, probably as a 
result of ascertainment bias of referral patterns. The cause is unknown, 
but approximately 50% of affected patients have a Ist-degree relative 
with delayed puberty and/or late growth. This tendency can occur in 
a child of the same gender as the affected parent or in a child of the 
opposite gender. An affected child typically presents in early adoles- 
cence when peers are beginning to develop and having growth spurts 


but the patient is not. The patient’s height is usually at or below the 
3rd percentile (see Chapter 43). In the classic case, the affected child 
had a normal length at birth, a slowdown in height velocity between 6 
months and 2 years of age that resulted in short stature, and a normal 
or near-normal height velocity thereafter along the child’s current 
height percentile. The physical examination findings are unremark- 
able, and, depending on the age, the child may have delayed puberty. 
The cardinal diagnostic result is a bone age that is moderately delayed 
in comparison with chronologic age. There may also be a history of 
delayed dentition. Without intervention, final adult height usually 
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TABLE 42.12 Molecular Basis for Developmental Disorders Associated with 


Hypogonadotropic Hypogonadism 


Gene Phenotype 


Isolated Hypogonadotropic Hypogonadism 


Complex Phenotype 


Kallmann Syndrome or Normosmic IHH (With the Same Mutant Gene) 


KAL1 (Xp22.3) 

FGFR1 (8p11.2) 

FGF8 (ligand for FGFR1) (10q25) 
NSMF (9p34.3) 

PROK2 (3p21.1) 

PROKR2* 1200123) 

CHD7 (8p12.1) 


X-linked Kallmann syndrome 


Autosomal dominant (some) 


Normosmic Isolated Hypogonadotropic Hypogonadism 
GNRH1 (8p21-11.2) Autosomal recessive 


GNRHR* (4q13.2-3) 
GPR54* (19p13.3) 


SNAPN 
Lack of function of paternal 15q11-q13 
region or maternal uniparental disomy 


LEP (731.3) 

LEPR (1p31) 

NR0B1 (X21.3-21.2) 
TAC3 (1213-12) 
TACR3 (4925) 


Autosomal recessive 


Autosomal recessive 
Autosomal recessive 
X-linked recessive 

Autosomal recessive 
Autosomal recessive 


Multiple Pituitary Hormone Deficiencies 
PROP1 
POUTFI 


HESX1 


Autosomal dominant Kallmann syndrome (+ recessive) 


Autosomal recessive (+ dominant} 


Autosomal recessive; and heterozygous mutations 


Anosmia/hyposmia, renal agenesis, dyskinesia 
Anosmia/hyposmia, cleft lip/palate 


Autosomal dominant/Oligogenetic Kallmann syndrome 
Autosomal recessive Kallmann syndrome 


CHARGE syndrome; includes hyposmia 


Prader-Willi syndrome, obesity 


Obesity 
Obesity 
Adrenal hypoplasia 


Autosomal recessive GH, PRL, TSH, and LH/FSH (less 
commonly, later-onset ACTH deficiency) 


Septo-optic dysplasia 


Multiple pituitary deficiencies including diabetes 


insipidus, but LH/FSH uncommon 
Autosomal recessive GH, PRL, TSH, FSH/LH 


X-linked; GH, TSH, ACTH, LH/FSH 


*A G protein-coupled receptor. 


Rigid cervical spine 


Bdrjeson-Forssman-Lehmann: intellectual disability; 
coarse facies 


ACTH, corticotrophin; CHD7, chromatin-remodeling factor; DAX1, dosage-sensitive sex reversal-adrenal hyperplasia congenita critical region on 
the X chromosome, gene 1; FGF, fibroblast growth factor; FSH, follicle-stimulating hormone; GH, growth hormone; GnRH, gonadotropin- 
releasing hormone; GPR54, kisspeptin G protein-coupled receptor 54; HESX1, homeobox gene expressed in ES cells; IHH, idiopathic 
hypogonadotropic hypogonadism; LEP, leptin; LH, luteinizing hormone; LHX3, lim homeobox gene 3; NELF, nasal embryonic luteinizing 
hormone-releasing factor; NROB1, nuclear receptor family 0, group B, member 1; PHF6, plant homeodomain-—like finger gene; PRL, prolactin; 
PROK2, prokineticin 2; PROP1, prophet of Pit-1; R, receptor; SNRPN, small nuclear ribonucleoprotein polypeptide SmN; TAC3, neurokinin 3; 


TSH, thyroid-stimulating hormone. 


reaches or approximates the target height range. However, children 
with constitutional delay may have a blunted pubertal growth spurt in 
relation to their peers, and therefore may not reach their genetic target 
height range. 


Hypogonadotropic Hypogonadism 


A variety of central nervous system insults may disrupt production 
of gonadotropins. The GnRH pulse generator may be disrupted by 
an interfering substance, such as excess prolactin (with or without 
hypothyroidism), or by stress, chronic illness, malnutrition, or exces- 
sive physical activity. The hypothalamic arcuate nucleus may be 
damaged by trauma, radiation, infection, infiltration, increased intra- 
cranial pressure, or surgery. The most common mass lesions are 
craniopharyngiomas, gliomas, and cysts. Congenital conditions or 


malformations may have allowed enough GnRH for infantile develop- 
ment but not enough for pubertal needs. 

Kallmann syndrome. This is the combination of an impaired or 
absent sense of smell and gonadotropin deficiency. Other features 
include color blindness, atrial septal defects, and renal structural 
anomalies (unilateral renal agenesis). The X-linked form is caused by 
a mutation of the KAL gene; there are autosomal recessive and auto- 
somal dominant forms. 

LH and FSH deficiencies may also be isolated or caused by multiple 
pituitary hormone deficiencies. The latter condition may be a result of 
pituitary damage from trauma, radiation, infection, sickle cell disease, 
compression by infiltrate or tumor, or autoimmune processes. In dif- 
ferentiating primary pituitary deficiency from that secondary to hypo- 
thalamic deficiency, the clinician should remember that all pituitary 


hormones except prolactin are stimulated by hypothalamic releasing 
hormones; prolactin is inhibited by hypothalamic prolactin inhibitory 
factor. Therefore, if all pituitary hormones, including prolactin, are 
deficient, the problem is in the pituitary gland. If prolactin levels are 
present or even elevated but the other pituitary hormones are deficient, 
the problem is above the pituitary gland in the stalk or hypothalamus. 
In the case of isolated LH and FSH deficiencies, the primary abnormal- 
ity may lie within the pituitary or hypothalamic neurons producing 
GnRH; however, increasingly there is evidence of primary abnormali- 
ties being further upstream. In particular, defects in molecules required 
for proper migration of GnRH neurons (including the KAL gene) or 
lack of necessary signaling to GnRH-producing neurons (e.g., defects 
in kisspeptin or neurokinin B and their receptors) can result in LH and 
FSH deficiency through inappropriate GnRH secretion. 


Hypergonadotropic Hypogonadism: Males 


If the testes are small, they may have been damaged by torsion, sickle 
cell disease, infection, autoimmune disease, chemotherapy, or radia- 
tion and may not be able to respond to LH and FSH stimulation. If 
the bone age is greater than 10 years and the hypothalamus has prob- 
ably matured, the serum LH and FSH may then be high. 

When the testis size is prepubertal and LH is present but testoster- 
one is not increasing, there may be a problem with the LH receptor. 

Klinefelter syndrome. This occurs in 1:500 males and is often 
associated with a 47,XXY karyotype; common features include reduced 
intelligence, adolescent gynecomastia (often pronounced), and small, 
firm testes. The testes rarely exceed 5 mL in volume (approximately 
25% of the average adult volume). Patients, often tall and thin with an 
eunuchoid habitus, may have delayed puberty. Virilization may be 
incomplete, the phallus is often smaller than average, and infertility 
nears 100%. 


Hypergonadotropic Hypogonadism: Females 


In this condition, the ovary may be unable to synthesize estrogen (an 
inherited metabolic defect, possibly associated with excess adrenal 
mineralocorticoid and hypertension), the ovary may not be formed 
normally (dysgenesis), or the ovary may have been damaged by any of 
the factors listed for testicular damage and by galactosemia. 

The ovary may be intact but may not be stimulated by gonadotro- 
pins. Gonadotropins are present but not effective if there is an FSH 
receptor problem. 

Turner syndrome. The 2 most common features of Turner syn- 
drome are short stature (involving the limbs to a greater degree than 
the trunk) and ovarian insufficiency (Fig. 42.5). Lymphedema and a 
webbed neck are diagnostic features present in a neonate. Additional 
features include a shield chest, increased carrying angle (cubitus 
valgus), short 4th metacarpal, hypoplastic nails, renal anomalies, and 
left-sided heart defects (coarctation of the aorta, bicuspid mitral valve, 
etc.). Approximately 50% of affected girls have no stigmata except 
short stature and thus are typically identified later. About 20% may 
have spontaneous puberty with functioning ovaries for at least a short 
period of time, which is in large part dependent on the child’s karyo- 
type, but the infertility rate is greater than 99%. 


Females with Delayed or Absent Adrenarche 


If a female has advanced breast development but no androgen signs, 
she may have a deficiency of androgen receptors, as occurs in androgen 
insensitivity syndrome (testicular feminization). In females, the 
androgens come predominantly from the adrenal glands (adrenarche). 
If the bone age has not passed 8 years, when DHEAS generally increases, 
adrenarche may simply be delayed (delayed adrenarche). If bone age 
is advanced, however, there is a deficiency in androgen production. In 
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FIGURE 42.5 A 16-year-old girl with Turner syndrome (45,XO), char- 
acterized by short stature, absence of thelarche, webbed neck, and 
increased carrying angles. 


addition, there may be an inherited problem in androgen synthesis 
from an enzyme deficiency or the adrenal glands may be damaged 
secondary to autoimmune, infectious, or hypoxic injury. In these latter 
conditions, other signs of adrenal insufficiency would be evident. 


® Diagnostic Approach to Delayed Puberty 


A normal growth rate with delayed, but not absent, puberty and a 
family history of “late blooming” suggests the diagnosis of constitu- 
tional delay of growth and puberty, which is the most commonly 
encountered cause (see Tables 42.11 and 42.12). A bone age that cor- 
relates with the patient’s pubertal status confirms the clinical impres- 
sion; no other testing is necessary. 

Initial evaluation should include: 

e Medical history: trauma, illness, medications (e.g., stimulants, che- 
motherapy), radiation, infection, malnutrition, autoimmune prob- 
lems, sickle status, stresses, growth records, galactosemia 

° Review of symptoms: vision problems, headache, vomiting, inabil- 
ity to detect odors (hyposmia or anosmia), age at onset of androgen 
signs, age at onset of estrogen signs, small genitalia at birth, signs 
of primary adrenal insufficiency such as hyperpigmentation, need 
for deodorant, need to wash hair more frequently 

° Family history: timing of maternal and paternal growth and puber- 
tal development; siblings and cousins with delayed development 

° Physical examination: signs of chronic disease, temperature, blood 
pressure, height, weight, head circumference, dental age, tanning 
(hyperpigmentation), pubic and axillary hair, adult body odor, skin 
and hair oils, visual fields, optic discs, ability to detect odors, breast 
development, vaginal cornification/discharge, penis size, scrotal 
development, testicular volume, pubic hair stages, neurologic 
status, affect or mood, intellectual ability, dysmorphic features 
Initial laboratory evaluation screens for chronic disease include 

(complete blood cell count, chemistry profile, sedimentation rate), 


hypothyroidism (free thyroxine and thyroid-stimulating hormone), 
and hyperprolactinemia (prolactin level). If growth is slow, the clini- 
cian should measure insulin-like growth factor-1 level (a marker of 
basal growth hormone activity) and consider growth hormone testing. 
The clinician should measure testosterone levels in males and estradiol 
levels in females. 

Measurements of random FSH and LH and results of a GnRH 
stimulation test may differentiate between hypogonadotropic hypogo- 
nadism and primary gonadal failure (Figs. 42.6 and 42.7). Elevated 
gonadotropin levels support a diagnosis of primary gonadal failure. 
Chromosomal karyotyping is then performed (Klinefelter syndrome 
in males and Turner syndrome in females). GnRH stimulation testing, 
with measurement of serum LH levels over 1-2 hours, is often 
employed. Its rationale is based on the fact that a child in puberty has 
a significant rise in serum LH over baseline. Unfortunately, the GnRH 
test is not helpful in distinguishing between constitutional delay and 
hypogonadotropic hypogonadism because in both cases, the LH 


Delay in onset of secondary sexual 


development after 13.5 years in boys 


Serum gonadotropins 


Elevated 


Karyotype 


SECTION 10 Endocrine and Metabolic Disorders 


response is blunted secondary to lack of endogenous GnRH priming 
of the gonadotrophs. However, the child with constitutional delay 
eventually develops an appropriate pubertal response to GnRH stimu- 
lation testing. 

If Kallmann syndrome is being considered, a magnetic resonance 
imaging scan may show abnormalities in the olfactory region. If a 
46,XX female has unexplained ovarian failure, antiovarian antibodies 
are obtained and miillerian-inhibiting substance can also be utilized 
in girls to assess ovarian follicle reserve and potential fertility. An hCG 
stimulation test to evaluate ability to produce testosterone and a serum 
level of miillerian-inhibiting substance (secreted by Sertoli cells) are 
useful for determining whether functional testicular tissue is present. 


® Treatment of Delayed Puberty 

If delayed puberty is physiologic, there is no medical necessity for 
initiating sex steroid replacement. “Watchful waiting” is usually the 
appropriate course of action. Adolescent males with constitutional 
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FIGURE 42.6 Flow chart for the evaluation of delayed puberty in males. A brain MRI with absent olfactory 
bulb and/or sulcus is consistent with Kallman syndrome, while a normal MRI suggests Isolated gonadotropin 
deficiency. CNS, central nervous system; MRI, magnetic resonance imaging. (From Melmed S, Polonsky KS, 
Larsen PR, Kronenberg HM, editors. Williams Textbook of Endocrinology. 13th ed. Philadelphia: Elsevier; 
2016:1156.) 
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development after 13 years in girls 
Serum gonadotropins 


Karyotype 


Consistently short 
for chronologic 


age but appropriate 
for bone age 


Absence or abnormality 
of one X chromosome or 
mosaicism with 45,X 


cell line Bone age delayed 


Primary ovarian 
failure—autoimmune 
or other etiology 


Tumer syndrome (may 
or may not have somatic 
stigmata of Tumer 
syndrome but short stature 
is extremely common) 


Constitutional 
delay in growth 
and puberty 


Growth pattern 


Late-onset growth 
failure especially 
with concurrent 

diabetes insipidus 


pressure or visual 
abnormalities 


CHAPTER 42 Disorders of Puberty 


Normal secondary sexual 
development with primary amenorrhea 


Karyotype 


Normal without 
growth spurt 


46,XY 


Signs of increased 
intracranial 


Sense of smell 


Anosmia or 
hyposmia 


Normal 


Absence of Normal 
olfactory bulb 


and/or sulcus 


Isolated 
gonadotropin 
deficiency 


Kallmann 
syndrome 


Anatomic 
defect or 
abnormality 
in LH 
pulsatility 


Syndrome 
of 
androgen 
resistance 


FIGURE 42.7 Flow chart for the evaluation of delayed puberty in females. A brain MRI with absent olfactory 
bulb and/or sulcus is consistent with Kallman syndrome, while a normal MRI suggests Isolated gonadotropin 
deficiency. CNS, central nervous system; LH, luteinizing hormone; MRI, magnetic resonance imaging. (From 
Melmed S, Polonsky KS, Larsen PR, Kronenberg HM, editors. Williams Textbook of Endocrinology. 13th ed. 


Philadelphia: Elsevier; 2016:1157). 


delay of growth and puberty who are short, underdeveloped, and psy- 
chologically compromised frequently benefit from a short course of 
testosterone therapy. This is usually given as long-acting intramuscular 
testosterone at a dosage of 50-100 mg every 3-4 weeks for a course 
ranging between 3 and 12 months. Treatment is generally begun at 
about 13 years of age, and if possible, when the testes are about 6-8 mL 
in volume. These doses stimulate height and weight gain, allow ade- 
quate virilization (increased pubic and axillary hair growth and penile 
enlargement), and do not typically suppress pituitary FSH and LH 
secretion, thereby allowing simultaneous endogenous pubertal pro- 
gression (testicular enlargement). This narrows the physical gap 
between the patient and peers without causing undue advancement of 
bone age. Acne is the principal side effect and the adult height is not 


altered. It is the hope that at the conclusion of treatment, the male will 
continue to grow and develop rapidly with the testosterone treatment 
perceived as a “jump starter” of endogenous puberty. A short course 
of low-dose anabolic steroids, such as oxandrolone or fluoxymester- 
one, can also be employed in prepubertal and pubertal males, and 
low-dose estradiol has been used in prepubertal and pubertal females 
with constitutional delay. 

Treatment of hypogonadism is aimed at mimicking normal physi- 
ology with stepwise replacement of testosterone in males and estrogen 
and progesterone in females. For males with hypogonadism, low-dose 
parenteral testosterone is initiated at 50 mg every 3-4 weeks, with 
increases in 50-mg increments made over a 2- to 3-year period. Most 
adult men receive 200 mg every 3-4 weeks, which is based on the daily 


TABLE 42.13 Red Flags Related to Puberty 


Pubertal changes in African-American girls beginning before age 6 yr 
(excluding isolated thelarche from birth to 2 yr of age) 

Pubertal changes in white girls beginning before age 7 yr (excluding 
isolated thelarche from birth to 2 yr of age) 

Pubertal changes in all boys beginning before 9 yr of age 

Absence of pubertal changes in girls by 13 yr of age 

Absence of pubertal changes in boys by 14 yr of age 

Neurologic signs and symptoms (headaches, visual disturbances) 

Vaginal bleeding before breast development 

Significantly asymmetric gonadal size in either sex (boys, by clinical 
examination; girls, by pelvic ultrasonography) 

Testicular underdevelopment 

Girls with advancing breast development but no androgen signs 

Galactorrhea 

Pelvic mass 


adult male testosterone production rate of 6 mg. Some adult men are 
treated with 300 mg every 2 weeks. Adult men can use testosterone 
by patch, which is often associated with local irritation, or by gel, 
but typically in growing adolescents, intramuscular testosterone is 
prescribed. 

For females, daily estrogen therapy is given for 1 year. This can be 
either in the form of conjugated estrogens (Premarin) at 0.3 mg daily 
for the Ist 6 months and 0.625 mg daily for the 2nd 6 months, or 
with an analogous schedule of ethinyl estradiol replacement or 
through a weekly applied 17B-estradiol patch. This duration does not 
place the uterus at undue risk for hyperplasia and malignancy, but 
after 2 years of therapy (or if spotting occurs prior), progesterone 
should be added. Options to consider when adding progesterone 
include continuing the purely estrogen-containing pills (conjugated 
estrogens or ethinyl estradiol) or the 17B-estradiol patches in conjunc- 
tion with oral medroxyprogesterone acetate (Provera) or switching 
the patient over to conventional oral contraceptives. If the patient is 
not put on a conventional oral contraceptive, the estrogen (pill or 
patch) is prescribed days 1-23 of the calendar month with addition 
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TABLE 42.14 Things Not to Miss with 
Regard to Puberty 


Dysmorphic features 

Unusual thinness or obesity 

Cutaneous findings 

Penis or clitoris diameter and length 

Size of testes in patients with gynecomastia 
Other endocrine deficiencies or excesses 


of medroxyprogesterone acetate on days 10-23. With this approach, 
withdrawal bleeding generally occurs between day 23 and the end of 
the month, although there can be some variability in the timing 
between patients. 

Patients of either sex with hypogonadotropic hypogonadism are 
potentially fertile, but sex steroid therapy alone is ordinarily not suf- 
ficient to initiate gametogenesis, although there are rare cases in males 
in which testosterone replacement alone has stimulated spermatogen- 
esis. The general approach to fertility induction in either sex involves 
the addition of either cyclic gonadotropin therapy or pump-driven 
GnRH therapy at the age of desired conception. Finally, if hypogonado- 
tropic hypogonadism is present as 1 component of hypopituitarism, it is 
critical to adequately replace all deficient hormones. In contrast, patients 
with primary hypogonadism have intrinsic gonadal damage and are 
normally infertile. 


Early, late, or asynchronous puberty can indicate underlying pathol- 
ogy. Red flags related to puberty are listed in Table 42.13. Important 
findings not to miss are listed in Table 42.14. 
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Short stature (usually defined as height >2 standard deviations [SD] 
below the mean for age) and growth failure (a subnormal height veloc- 
ity that leads to a decline in growth percentiles, usually a height velocity 
>1.5 SD below the mean for age) are symptoms, not diseases. Of the 2, 
short stature is more likely to be noticed but growth failure is more 
likely to be pathologic. 

Short stature may represent a normal variant or may be a signal of 
serious physical or emotional illness. Because linear growth is a crucial 
component of childhood, growth is in many ways an index of child- 
hood well-being. Illnesses, even those not involving aberrations of 
growth-regulating hormones, often interfere with growth. Therefore, 
the measurement and charting of heights sequentially on standardized 
growth charts constitute a central part of a child’s medical evaluation 
and the finding of short stature, particularly if associated with a 
subnormal height velocity, deserves close attention and appropriate 
evaluation. 


DEFINITION 


Short stature is defined as height more than 2 SD below the mean for 
age, which is at the 2.3 percentile (Fig. 43.1A, B). On growth charts 
(and in clinical practice) it is more common to define short stature as 
height below the 3rd percentile for age, which is —1.88 SD. Implicit in 
this definition is the understanding that height is a normally distrib- 
uted characteristic; therefore, a proportion of normal individuals have 
heights >2 SD from the mean. Since height is strongly heritable (i.e., a 
large proportion of the observed variation between individuals is 
hereditary), stature that is inappropriately low for the child’s genetic 
endowment may also be a cause for concern. 

Growth failure is defined as a subnormal rate of growth, or a height 
velocity that is below the norm for that age. Since sustained height 
velocity below the 25th percentile is insufficient to maintain a child’s 
position on the growth chart, growth failure is sometimes defined as 
a height velocity below the 25th percentile for age. Other authorities 
prefer to use >1.5 SD below the average height velocity for that age as 
the cutoff. 

Short stature should be distinguished from “failure to thrive.” The 
latter term refers primarily to poor weight gain in infants and young 
children (although linear growth may be secondarily affected), whereas 
short stature refers primarily to subnormal linear growth in childhood 
and adolescence. 


NORMAL GROWTH 


Height is highly heritable, but the genetic program underlying this 
regulation is not fully understood. The growth of individual organs as 
well as the growth of the skeleton as a whole is regulated by negative 
feedback mechanisms that slow and eventually stop growth as organs 
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and the organism reach their final size. This gradual deceleration of 
growth with age does not appear to be driven primarily by changes in 
the endocrine system since levels of growth hormone (GH) and the 
insulin-like growth factors remain elevated even as growth slows in the 
latter part of puberty. The final height and growth pattern of any given 
individual are affected by subtle variations in large numbers of many 
genes, while more significant variants in individual genes cause the 
various genetic forms of short stature and skeletal dysplasias. 


Fetal Growth and Birth Size 


A human being experiences his or her most rapid linear growth in 
the prenatal period (growing from near zero to about 50 cm in length 
in just 9 months). While genetic factors play a major role in postnatal 
growth, fetal growth and birth size mainly reflect maternal and pla- 
cental factors, including maternal or uterine size, parity, multiparity, 
nutrition, and placental function. Many congenital disorders such as 
Turner syndrome and congenital GH deficiency that markedly stunt 
postnatal growth have only minimal effects on prenatal growth and 
birth size. Therefore, birth size is generally a poor predictor of the 
eventual growth pattern in most children. An exception is the neonate 
who is small for gestational age (SGA) as a result of intrauterine 
growth restriction (IUGR). While most infants with IUGR (caused 
by nutritional problems or poor placental function) show catch-up 
growth (a period of rapid growth that occurs spontaneously after relief 
from the adverse intrauterine condition that had suppressed the rate 
of growth), 10-20% remain shorter than expected beyond infancy and 
early childhood, making IUGR 1 of the possible causes of childhood 
short stature. 


Postnatal Growth Patterns 


Infancy is also a period of relatively rapid growth (faster than at any 
other time in postnatal life). Growth then gradually slows as the infant 
gets older, declining to its lowest point just before puberty, before 
accelerating again during the pubertal growth spurt, and finally ending 
with the completion of linear growth about 5 years after the onset of 
puberty (Table 43.1 and Fig. 43.2). 

Since birth length is mostly determined by maternal and placental 
factors, size at birth may not reflect the infant’s genetic growth poten- 
tial. It is during the Ist 2 years of life that infants gradually transition 
from their birth size to their own genetically determined height poten- 
tial. Therefore, it is normal for infants to shift linear growth percentiles 
during this period; 65% of infants will exhibit such shifts, moving up 
or down on the growth chart. By 24 months, these shifts are complete 
and most children have entered a specific “growth channel” or linear 
growth percentile in relation to peers and any significant deviation 
from this channel should evince concern. 

After a period of slow but steady growth during childhood, many 
children experience a further “prepubertal dip” in height velocity, 
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(See Nelson Textbook of Pediatrics, p. 2642.) 
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), the growth rate declines and growth finally stops 


about 2 years after menarche, with girls gaining an average of 7 cm in 


Father's Stature 


). 


SOURCE: Developed by the National Center for Health Statistics in collaboration with 


In males with an average tempo of pubertal development, peak 


growth velocity occurs about 2 years after the onset of puberty (so, 


or Weight (Ib) + Stature (in) + Stature (in) x 70 
the National Center for Chronic Disease Prevention and Health Promotion (2000). 


In males, testicular enlargement is generally the 1st sign of puberty 


and occurs at approximately 11.5 years on average (range, 9-14.3 
These are the average timings of puberty and pubertal growth, but 


it should be kept in mind that there are large variations in the timing 


Stature-for-age and Weight-for-age percentiles 


*To Calculate BMI: Weight (kg) + Stature (cm) + Stature (cm) x 10,000 


(4 inches)/yr. It is worth noting that prepubertal males and females 


grow at very similar rates; the ultimate taller stature of males relative 
to females is mostly the result of a longer period of growth and a higher 


puberty) at approximately 13-14 years, with an average rate of 10.3 cm 
peak growth velocity during puberty. 


later than girls in absolute terms, as well as in terms of the stage of 
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the rate of growth (centimeters per year or inches per 


D 


Because of these characteristic patterns of growth during childhood 


and adolescence 
year) is a key variable in evaluating a short child. Growth rates may 


vary somewhat with season and can be affected by transient illness, but 
a child should maintain a relatively set growth channel on the linear 
of growth in relation to age-appropriate norms is alarming and is likely 


growth percentile charts after 2-3 years of age. A persistently slow rate 
to reflect an underlying medical disorder. 


of puberty—and therefore, in growth rates—among individuals of the 


same age during the period of adolescence. 


> 


<< 


reaching a nadir just before the onset of puberty. Height velocity then 
during puberty reaches a peak known as the “pubertal growth spurt. 


accelerates once again as puberty advances. This acceleration of growth 
and their pubertal growth spurt starts coincidentally with breast devel- 
opment and peaks before menarche. For females with an average 
tempo of puberty, peak growth velocity (8-9 cm/yr) is reached at 11-12 
years of age. After menarche (which generally occurs 2-2.5 years after 


The timing of the pubertal growth spurt differs between girls and boys. 
Females generally begin pubertal development at 10-11 years of age 
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FIGURE 43.2. A, Height velocity for American boys. Lines with early velocity refer to the 50th percentile 
for boys 2 standard deviations (SD) early in growth tempo; lines with late or gradual velocity refer to the 
50th percentile for boys 2 SD late in growth tempo. ^ and v, 97th and 3rd percentiles for peak velocities of 
early and late maturers, respectively. B, Height velocity for American girls. Lines with early velocity refer to 
the 50th percentile for girls 2 SD early in growth tempo; lines with late or gradual velocity refer to the 50th 
percentile for girls 2 SD late in growth tempo. ^ and v, 97th and 3rd percentiles for peak velocities of early 
and late maturers, respectively. (Modified from Tanner J, Davies P. Clinical longitudinal standards for height 
and height velocity in North American children. J Pediatr. 1985;107:31 7-329.) 


MEASURING A CHILD 


Stature is evaluated as supine length until 2 years of age and as standing 
height thereafter (Fig. 43.3). For measurement of supine length, an 
infant lies on an inflexible ruled horizontal surface, at 1 end of which 
1 person holds the infant’s head in contact with a fixed board; a 2nd 
person extends the infant’s legs as much as possible and brings a 
movable plate in contact with the infant’s heels. Recumbent measure- 
ments average 1 cm (0.4 inch) more than standing height. 

After 2 years of age, children are measured standing and barefoot 
with a device such as a Harpenden stadiometer; a vertical metal bar is 
affixed to an upright board or wall, and height is measured at the top 
of the head by a sliding perpendicular plate or block. Measurements of 
length using pen marks on the examining table at the head and foot of 
an infant are often grossly inaccurate, as are height measurements using 
a flexible metal rod atop a standard weight scale. 

With the use of optimal techniques, the variation in measurement 
among observers is less than 0.3 cm (0.1 inch). It is then possible 
to determine changes in height over 3- to 4-month intervals to 
estimate the annualized growth rate. However, because of normal 
seasonal variations in growth rates, a longer interval between mea- 
surements (6-12 months) is more reliable in the calculation of height 
velocity. 


Measurements are then plotted on standard growth charts; it is 
recommended that World Health Organization (WHO) growth charts 
be used for infants from birth to 2 years of age and Centers for 
Disease Control and Prevention (CDC) growth charts for children 
from ages 2-18 years (see Fig. 43.1). These CDC and WHO growth 
charts are available at: http://www.cdc.gov/growthcharts/ and http:// 
www.who.int/childgrowth/standards/en/. 

Calculated growth rates (centimeters per year or inches per year) 
should be evaluated in relation to age-related norms with growth 
velocity charts for North American children for children over 2 years 
of age (see Fig. 43.2). 


Body Proportions 


Apart from linear height, it is also useful to assess the upper-to-lower 
segment ratio (U/L) (Fig. 43.4) and the arm span. The U/L is deter- 
mined by measuring the lower segment (vertical distance between the 
symphysis pubis and the floor, with the child standing) and the upper 
segment (the difference between the lower segment and height). Arm 
span is the distance between the outstretched middle fingertips with 
the child standing against a flat board or wall. The U/L and arm span 
are used to determine whether the child is normally proportioned or 
not (in Europe, it is more common to assess sitting height versus stand- 
ing height for the same purpose). 
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FIGURE 43.3 A, Technique for measuring length. B, Technique for measuring erect height. (From Wilson 
JD, Foster DW, eds. Williams Textbook of Endocrinology. 8th ed. Philadelphia: WB Saunders; 1992: 
1106-1107.) 
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FIGURE 43.4. Normal upper-to-lower segment ratios (US/LS) for 
white children. (From McKusick V. Hereditable Disorders of Connective 
Tissue. 4th ed. St. Louis: CV Mosby; 1972.) 


The U/L gradually declines with age throughout childhood. Since 
infants have relatively short legs, the U/L is high (an average of 1.7) at 
birth. It then declines throughout childhood as the legs increase in 
length relative to the upper body, decreasing to a mean of 0.9 by late 
puberty (in males; in females, the ratio may be closer to 0.95). The arm 
span as compared to the height is another measure of body propor- 
tions and is normally shorter than the height in younger children and 
increases to become slightly longer than the height by late puberty 
(about 5 cm more than height in boys, 1.2 cm more than height in 
girls). Deviations from the norm in the U/L and the arm span may 
point to conditions such as skeletal dysplasias, Turner syndrome, or 
long-standing hypothyroidism (increased U/L segment ratio, i.e., rela- 
tively short extremities) and radiation-induced spinal damage or 
genetic disorders such as Klinefelter or Marfan syndromes and homo- 
cystinuria (low U/L segment ratio, due to a relatively short trunk or 
unusually long extremities). 

Weight should also be considered in relation to a child’s stature. 
Undernutrition is generally caused by nonendocrine factors (poor 
nutritional intake, malabsorption, systemic illness) and typically leads 
to a decrease in weight before a decrease in linear growth. Obesity in 
childhood is usually exogenous; exogenous obesity is generally associ- 
ated with an accelerated growth rate. In contrast, endocrine disorders 
that cause poor growth and short stature are often associated with 
weight gain and obesity (Cushing syndrome, hypothyroidism, and in 


some instances, GH deficiency). Therefore, the obese child who has a 
slow growth velocity is more likely to have an endocrine cause of short 
stature, while the undernourished child with short stature likely has 
short stature secondary to poor weight gain and is unlikely to have an 
endocrine disorder. 


Familial and Genetic Factors 


Both parental height and parental pattern of growth are key determi- 
nants of a child’s growth pattern. This strong familial influence on 
height is not detectable at birth but is manifested by 2-3 years of age. 
Final adult height is strongly heritable with heritability estimates 
ranging from 0.8-0.95 (i.e., 80-95% of the observed variation is 
explained by hereditary rather than environmental factors). The mid- 
parental height (MPH) is used as a measure of the child’s genetic 
growth potential and is an average of the height of both parents after 
correcting for sex. Since the average adult male is taller than the average 
adult female by 13 cm (5 inches), 13 cm is added to the mother’s height 
in the case of a male child, while 13 cm is subtracted from the father’s 
height in the case of a female child; the parental heights, after correc- 
tion for sex, are then averaged to obtain the MPH. 

Thus MPH is determined in the following manner: 

Males: [father’s height in cm + (mother’s height in cm + 13 cm)]/2 
Females: [(father’s height in cm — 13 cm) + mother’s height in cm]/2 

The MPH is a good index of the child’s genetic height potential, 
but tends to become less accurate if 1 parent is unusually tall or short; 
that is, the offspring of an exceptionally tall parent or exceptionally 
short parent will be closer to the average height than is predicted by 
the MPH because of the phenomenon of regression to the mean. 

In addition to the influence on final adult height, parents’ patterns 
of growth are also often repeated in their children. In particular, many 
men who were “late bloomers” with delayed onset of puberty and 
delayed but normal growth spurts have sons with similar growth 
patterns. 


Ethnic Factors and Secular Trend 


The average height of various populations across the globe is not the 

same; in the current era, Northern European populations are taller 

than many (but not all) other ethnic groups, and it therefore seems to 

make sense to use population-specific standards of growth because a 

child from a generally short ethnic group may be labeled as “short 

stature” by Northern European standards, but may be normal for his 
or her own ethnic group. Two additional observations need to be kept 
in mind: 

1. Migrants from countries where the average height is lower tend to 
have children who are taller than their parents when they move to 
a country with a higher standard of living. This indicates that at 
least some of the observed height difference may be environmental 
(most likely related to nutrition and childhood disease burden) and 
that this height difference may shrink or disappear in subsequent 
generations. 

2. The Northern European populations were themselves much shorter 
in the 18th and 19th centuries and average heights have steadily 
increased as living standards improved (reflecting improvements in 
nutrition and other public health measures). This “secular trend” 
in height slows down and plateaus over time, but is much more 
marked in populations that have recently seen an improvement in 
living standards. 

Thus practitioners should make allowances for ethnic differences 
in height when evaluating children from different ethnic backgrounds, 
but should not automatically assume such differences as the sole expla- 
nation for short stature in children from historically shorter popula- 
tions. Growth velocity in particular should not be abnormal even in 
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historically shorter populations, and a subnormal growth velocity 
should trigger an evaluation in the same way as it would in children 
from a Northern European background. 


General Well-Being 


Because growth is a barometer of a child’s health, general well-being 
and freedom from serious illness are necessary for a child to achieve 
his or her genetic growth potential. Chronic illnesses that are not pri- 
marily problems of stature often interfere with growth secondarily, and 
short stature may be the presenting feature of such conditions as 
inflammatory bowel disease, celiac disease, and renal disease. 


Psychologic Factors 


Under normal circumstances, emotional and psychologic factors do 
not have a great effect on growth. However, in certain cases, emotional 
deprivation can lead to very significant growth failure (sometimes 
labeled “deprivation dwarfism” or “psychosocial dwarfism”) via mech- 
anisms that are still poorly understood. 


Endocrine Regulation of Growth 


GH is produced by the anterior pituitary under the control of 
GH-releasing hormone (GHRH) from the hypothalamus, and is essen- 
tial for normal growth in childhood and adolescence (though it appears 
to play a relatively small role in prenatal growth). GH is secreted in 
brief pulses and peak secretion occurs during sleep, so random serum 
levels have little utility in the evaluation of GH deficiency except in the 
newborn period (when random GH levels are usually elevated, and a 
level below 7 ng/mL is very likely to reflect GH deficiency). 

GH exerts its growth-promoting effect through stimulating the 
production of insulin-like growth factor 1 (IGF-1) (primarily in the 
liver, but also in some target tissues) as well as via direct actions of GH 
on bone. Most circulating IGF-1 is bound to IGF-binding proteins, 
with the largest proportion being bound in a ternary complex with 
IGF-binding protein-3 (IGFBP-3) and a protein named the acid-labile 
subunit (ALS). Because IGF-1 levels in the blood are stable throughout 
the day and reflect the integrated effect of GH secretion, measurement 
of IGF-1 is often used as a surrogate measure of GH secretion. 

Thyroid hormone also has a relatively limited role in prenatal 
growth, but is absolutely essential for normal postnatal linear growth, 
both via direct actions on the epiphyseal growth plate and via a permis- 
sive effect on GH secretion. Hypothyroidism can therefore lead to very 
profound growth failure and an evaluation of thyroid hormone status 
is essential in the investigation of growth failure. 

Glucocorticoids do not play any significant role in promoting 
growth, but are powerful inhibitors of growth when present in excess. 
Persistent exposure to excess corticosteroids (whether endogenous or 
exogenous) can lead to very severe growth failure (along with signifi- 
cant weight gain). Deficiency of glucocorticoids generally does not 
adversely affect growth if the child is otherwise healthy. 

Sex steroids mediate the pubertal growth spurt (see Chapter 42). 
This involves direct effects of sex steroids on bone growth as well as 
steroid-induced amplification of GH secretion. Most of the bone- 
maturing action of sex steroids is mediated by estrogen in both sexes; 
while testosterone has some direct effects on bone strength and thick- 
ness, most of the effects of testosterone on linear growth and the matu- 
ration of growth plates in males occur via the action of estrogen 
produced by the peripheral conversion of testosterone. Consequently, 
even in males, bone maturation can be affected by genetic defects in 
the production or action of estrogen, as well as by pharmacologic 
inhibition of this pathway (e.g., by using aromatase inhibitors that 
block the conversion of testosterone to estrogen). Sexual precocity 
(true precocious puberty, exogenous exposure, or congenital adrenal 
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hyperplasia) tends to accelerate linear growth transiently as a result of TABLE 43.2 Classification of Growth 
premature or excessive production of sex steroids (or both) (see Retardation 
Chapter 42). But if left untreated, these conditions advance osseous 
maturation, leading to premature epiphyseal fusion and a short final l. PRIMARY GROWTH ABNORMALITIES 
adult height. The absence of sex steroids (hypogonadism) in the A. Osteochondrodysplasias (see Table 43.3) 
absence of other abnormalities blunts the pubertal growth spurt, but B. Chromosomal abnormalities 
tends not to limit final height, as bone maturation and epiphyseal Turner syndrome 
fusion are also delayed by the lack of estrogen in these patients. Noonan syndrome 

Prader—Willl syndrome 
Bone Age Russell-Silver syndrome 
Osseous maturation follows a very predictable pattern during the SHOX haploinsufficiency 
growth and development of the child, and a radiograph of the non- Il. SECONDARY GROWTH DISORDERS 
dominant hand can be used to assess bone age (i.e., the degree of matu- A. Malnutrition 
ration of the bones compared to age-matched standards). Bone age is B. Chronic disease 
usually estimated by comparing the child’s radiologic findings with a Cardiac disorders 
standard set of radiologic images, or by using various scoring algo- Left-to-right shunts 
rithms. These readings are subject to observer bias and error but are Congestive heart failure 
still useful as long as this inherent subjectivity is kept in mind. Bone Pulmonary disorders 
age is very closely correlated with pubertal maturation and an assess- Cystic fibrosis 
ment of bone age can be especially useful in cases of precocious Gastrointestinal disorders 
puberty, delayed puberty, and constitutional growth delay. Except in Inflammatory bowel disease 
cases of precocious puberty, bone age is rarely useful in the evaluation Celiac disease 
of short stature in a child less than 5 years of age. Malabsorption 

Chronic diarrhea 
CAUSES OF SHORT STATURE B E 
— Chronic anemia (including sickle cell disease, thalassemias) 
Understanding the factors that influence childhood growth leads Renal disorders 
directly to an understanding of the causes of short stature and to the Chronic renal failure 
differential diagnosis of short stature for an individual child (Tables Renal tubular acidosis 
43.2, 43.3, 43.4, 43.5, and 43.6). While a very large number of condi- Immunologic disorders 
tions can potentially lead to short stature and growth failure, the vast Congenital immunodeficiency 
majority of children with short statures are either normal variants HIV 
(familial short stature, constitutional delay of growth and puberty) or C. Intrauterine growth restriction 
have no discernible cause (idiopathic short stature [ISS]). It is also D. Endocrine disorders 
important to remember that the child with growth failure is far more Hypothyroidism 
likely to have an underlying pathology than a child who happens to be Cushing syndrome 
short but has a normal growth velocity. Pseudohypoparathyroidism 
. Vitamin D—deficient or —resistant rickets 
Normal Variants III. IGF DEFICIENCY (see Tables 43.4, 43.5) 
The 2 most frequent causes of short stature in children are familial A. Secondary IGFD 
short stature and constitutional delay of growth and puberty. These GH deficiency due to hypothalamic dysfunction 
are considered normal variants and their recognition can help avoid GH deficiency due to pituitary GH deficiency 
expensive and unnecessary testing and interventions. B. Primary IGFD (GH insensitivity) 
Primary GH insensitivity-GH receptor (GHR) defects 
Familial Short Stature Secondary GH insensitivity (STAT5B)-GHR signal transduction 
The term “familial short stature” is usually reserved for familial forms defects 
of mild-to-moderate short stature that do not have a specific identifi- Primary defects of IGF synthesis 
able genetic defect; since hundreds of genes play a role in growth, this Primary defects of IGF transport/clearance (ALS) 
height potential likely reflects the influence of multiple loci of small C. IGF resistance 
effect or a few loci of relatively moderate effect. Genetic disorders that Defects of the IGF-1 receptor 
result in severe short stature, or that are associated with other abnor- Postreceptor defects 
mal physical findings (syndromes), or that are caused by known genetic IV. IDIOPATHIC SHORT STATURE (ISS) 
defects, are conventionally treated separately from familial short A. Constitutional delay of growth and puberty with normal height 
stature. prediction 
The child’s height is in keeping with the genetic endowment, and . ISS with delayed bone age and tempo of puberty 

the child is otherwise healthy. Typically, 1 or both parents (and often . ISS with normal bone age and tempo of puberty 


other family members) are about 1.5-2 SD below the mean in height. . ISS with a familial component 

This relatively short genetic potential is reflected in the short MPH, . ISS without a familial component 
and if the child continues to grow along his or her current percentile, 
he or she would fall within 9 cm of this height (approximately within 
2 SD of the MPH); by age 2, the child is usually noted to be small in 
relation to peers. Although the growth channel is low, it should parallel 


GH, growth hormone; IGF, insulin-like growth factor; GHRH, growth 
hormone-releasing hormone; SHOX, Short Stature Homeobox; 
STAT5B, signal transduction and activator of transcription 5B; 

HIV, human immunodeficiency virus; ALS, acid labile subunit. 
Modified from Sperling MA. Pediatric Endocrinology. 4th ed. 
Philadelphia: Elsevier; 2014:325. 


TABLE 43.3 Nosology and Classification 
of Genetic Skeletal Disorders (2015) 


FGFR3 chondrodysplasia group 

Type 2 collagen group 

Type 11 collagen group 

Sulphation disorders group 

Perlecan group 

Aggrecan group 

Filamin group and related disorders 

TRPV4 group 

Ciliopathies with major skeletal involvement 

Multiple epiphyseal dysplasia and pseudoachondroplasia group 
Metaphyseal dysplasias 

Spondylometaphyseal dysplasias (SMD) 
Spondylo-epi-(meta)-physeal dysplasias (SE[M]D) 

severe spondylodysplastic dysplasias 

Acromelic dysplasias 

Acromesomelic dysplasias 

Mesomelic and rhizo-mesomelic dysplasias 

Campomelic dysplasia and related disorders 

Slender bone dysplasia group 

Dysplasias with multiple joint dislocations 
Chondrodysplasia punctata (CDP) group 

Neonatal osteosclerotic dysplasias 

Osteopetrosis and related disorders 

Other sclerosing bone disorders 

Osteogenesis imperfecta and decreased bone density 
Abnormal mineralization group 

Lysosomal Storage Diseases with Skeletal Involvement (Dysostosis 
Multiplex group) 

Osteolysis group 

Disorganized development of skeletal components group 
Overgrowth (tall stature) syndromes with skeletal involvement 
Genetic inflammatory/rheumatoid-like osteoarthropathies 
Cleidocranial dysplasia and related disorders 
Craniosynostosis syndromes 

Dysostoses with predominant craniofacial involvement 
Dysostoses with predominant vertebral with and without costal 
involvement 

Patellar dysostoses 

Brachydactylies (without extraskeletal manifestations) 
Brachydactylies (with extraskeletal manifestations) 

Limb hypoplasia—reduction defects group 

Ectrodactyly with and without other manifestations 
Polydactyly-Syndactyly-Triphalangism group 

Defects in joint formation and synostoses 


From Bonafe L, et al. Nosology and classification of genetic skeletal 
disorders: 2015 revision. Am J Med Genet A. 
2015;167A(12):2869-2892. 


the normal growth curve from that point onward. Continued deviation 
away from the normal growth curve (indicating a subnormal growth 
velocity) is not typical and should raise concerns about a disorder other 
than familial short stature. Stature that is extremely low (2.5-3 or more 
SD below the mean) raises concerns even if the parents are short, since 
this degree of short stature may reflect a specific genetic cause of short 
stature (e.g., a mild defect in GH secretion or action, or a form of 
hypochondroplasia) in the parents as well as the child. 

The review of systems is generally negative in the otherwise healthy 
child, as are the physical examination findings (aside from short 
stature). The height-to-weight ratio, body proportions, muscularity, 
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TABLE 43.4 Established Genetic Defects of 
the GH-IGF Axis Resulting in IGF Deficiency 
Mutant Gene 


HPA Developmental abnormalities 
HESXI AR 


Inheritance Phenotype 


Septo-optic dysplasia; variable 
involvement of pituitary 
hormones 

CH PRE sh, Ua, FoR 
deficiencies; variable ACTH 
deficiency 


POU TINE) GH, PRL deficiency; variable degree 


of TSH deficiency 
Rieger syndrome 


GH, TSH, LH, FSH, prolactin 
deficiencies 


GH, TSH, ACTH deficiencies 
GH deficiency, intellectual disability 


RIEG AD 
BLS) AR 


LHX4 AD 
SOKS XL 
GLI2 AD 
CLG AD 


Holoprosencephaly, hypopituitarism 


Pallister-Hall syndrome, 
hypopituitarism 


Isolated Growth Hormone Deficiency 

GHRHR AR IGHD, type IB form of IGHD 

GHS-R AD GHD and ISS 

GHI AR Type IA form of IGHD 
AR Type IB form of IGHD 
AD Type II form of IGHD 
X-linked Type III form of IGHD; 

hypogammaglobulinemia 

AD Bioinactive GH molecule 


Growth Hormone Insensitivity 
Growth Hormone Receptor 


Extracellular AR, AD 
domain 


Transmembrane AR 


IGF-1 deficiency; decreased or 
normal GHBP 

IGF-1 deficiency; normal or 
increased GHBP 

IGF-1 deficiency; normal or 
increased GHBP 


Intracellular 
domain 


IGF 

IGF1 IGF-1 deficiency; IUGR and 
postnatal growth failure 

IGF-1 deficiency, variable immune 
defect, hyperprolactinemia, 
chronic pulmonary infections, 
recurrent eczema 

IGF-1 deficiency; variable postnatal 
growth failure, delayed puberty 


STAT5B 


HPA, hypothalamic pituitary; ACTH, adrenocorticotropic hormone 
(corticotropin); AD, autosomal dominant; AR, autosomal recessive; 
FSH, follicle-stimulating hormone; GH, growth hormone; GHBP, 
GH-binding protein; GHD, growth hormone deficiency; GHRHR, 
GH-releasing hormone receptor; IGF, insulin-like growth factor; IGHD, 
isolated GHD; IUGR, intrauterine growth restriction; LH, luteinizing 
hormone; PRL, prolactin; TSH, thyroid-stimulating hormone; ALS, acid 
labile subunit. 

From Sperling MA. Pediatric Endocrinology. 4th ed. Philadelphia: 
Elsevier; 2014:333. 


and pubertal development are normal for age. Abnormalities found on 
review of systems or physical examination should prompt consider- 
ation of other diagnoses. 

Laboratory studies are not mandatory, but if done are all normal. 
The bone age is also normal, and this suggests that the short child’s 
“room for growth” is not greater than that of other children of the 
same age. Prediction of adult height can be made on the basis of bone 
age, but the accuracy is variable; the predicted height is within 9 cm 
of the MPH. 


Constitutional Delay of Growth and Puberty 


Constitutional delay of growth and puberty is a growth pattern that is 
also considered a variant of normal. These children appear to have a 


TABLE 43.5 Proposed Classification of 
Growth Hormone (GH) Insensitivity 


Primary GH Insensitivity (Hereditary Defects) 
1. GH receptor defect (may be positive or negative for GH-binding protein) 
e Extracellular mutation (e.g., Laron syndrome) 
e Cytoplasmic mutation 
e Intracellular mutation 
2. GH signal transduction defects (distal to the cytoplasmic domain of the 
GH receptor) 
e STAT5B mutations 
3. Insulin-like growth factor-1 defects 
e |GF-1 gene deletion 
e |GF-1 transport defect (acid labile subunit [ALS] mutation) 
e |GF-1 receptor defect 
4. Bioinactive GH molecule (responds to exogenous GH) 


Secondary GH Insensitivity (Acquired Defects) 
e Circulating antibodies to GH that inhibit GH action 
e Antibodies to the GH receptor 
e GH insensitivity caused by malnutrition, liver disease, catabolic states, 
diabetes mellitus 
e Other conditions that cause GH insensitivity 


From Sperling MA. Pediatric Endocrinology. 4th ed. Philadelphia: 
Elsevier; 2014:347. 
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slowed maturational pattern and their bone age is delayed relative to 
their peers. As part of this slowed maturation, they also enter puberty 
later than their peers. This variant occurs in both sexes but is more 
common in males and is recognized predominantly in them for this 
reason, as well as for cultural reasons. 

These children often begin to show moderate short stature (height, 
—1.5 to —2.5 SD) during early-to-middle childhood but are otherwise 
healthy. They have delayed onset of puberty and therefore a delayed 
growth spurt. One or both parents (or other family members) may 
have a history of delayed puberty and a late adolescent growth spurt, 
with eventual cessation of growth during late adolescence or even into 
the 3rd decade of life. The affected parent usually is of normal adult 
stature. Otherwise, the history and review of systems are negative. The 
physical examination findings are normal except for delayed onset of 
puberty in children of an appropriate age. 

Laboratory tests are not mandatory but are normal if performed, 
with the important exception of a delayed bone age (bone age < chron- 
ologic age). It is important to note that IGF-1 levels normally increase 
with onset of puberty and should be compared with standards for the 
child’s pubertal stage and bone age rather than his or her chronologic 
age. A delayed bone age suggests that the child has more “room to 
grow than the average age-matched child and that the child is likely 
to reach an adult height taller than that suggested by the current height 
percentile. Some children have mixed familial short stature and con- 
stitutional delay in growth and development; they tend to have both 
delayed puberty and a short predicted adult height. 

Chronic illness may mimic constitutional delay in growth and 
development and should be considered in the differential diagnosis. It 
is sometimes difficult to distinguish children with constitutional delay 
in growth and development from the more unusual condition of 
central (hypothalamic/pituitary) hypogonadism; a positive family 
history of delayed but normal puberty and growth, a normal sense of 
smell (to exclude Kallmann syndrome), and normal neurologic find- 
ings favor constitutional delay. Evaluation for permanent central 
hypogonadism is indicated if puberty fails to begin by the age of 13 
years in females or 14 years in males, particularly if there is no family 
history of constitutional growth delay. 

Females with delayed puberty are more likely to have an underlying 
pathologic cause, so the threshold for investigation is lower in females. 
On the other hand, benign constitutional delay is common in males, 


TABLE 43.6 Genetic Syndromes Associated with Short Stature 


Selected Genetic Disorders Associated with Short Stature 


Genetics 
45 XO and variants 


Condition 
Turner syndrome 


Noonan syndrome PRENIT SOS] RAFI. KRAS, SHOCZ2, 


BRAF, NRAS, AIT1, CBC KATB6, LZTAT, 


SO 


Prader-Willi syndrome Paternal chromosome 15 (15q11.2-13) defects 


SHOX haploinsufficiency SHOX gene mutations 


Russell—Silver syndrome Imprinting control region on paternal chromosome 
11p15.5; maternal uniparental disomy of 


chromosome 7 


Features (Not All Are Present in Every Case) 


Short stature, lymphedema of hands and feet at birth, low posterior 
hairline, webbed neck, shield chest, cubitus valgus, clinodactyly, short 
4th metacarpal, Madelung deformity 


Short stature, hypertelorism, downslanting eyes, low-set ears, webbed 
neck, chest deformity (pectus excavatum), cryptorchidism, intellectual 
disability, lymphedema 

Initial hypotonia and failure to thrive, then marked hyperphagia and 
obesity, hypogonadism, small hands and feet, thick saliva, intellectual 
disability 

short stature, Madelung deformity, mesomelia, cubitus valgus, dislocation 
of the ulna 


IUGR, age appropriate head circumference with short stature, triangular 
facies, downturned corners of the mouth, prominent forehead, 5th finger 
clinodactyly, limb length asymmetry 


SHOX, Short Stature HomeoboxX gene; IUGR, intra-uterine growth restriction; PTNP11. Protein Tyrosine Phosphatase Nor-receptor type 11. 


and in the presence of a positive family history, further evaluation may 
be delayed even beyond the age of 14 years. The possibility of central 
hypogonadism becomes stronger the longer the onset of puberty is 
delayed, but it should be noted that cases of spontaneous development 
of normal puberty can occur up to and even beyond the age of 18. 

In most cases, only reassurance and an explanation of the growth 
pattern are required, but if the parents and the child are eager to hasten 
pubertal development (usually because of involvement in sports or 
because of bullying and other psychosocial considerations), then a 
short course of low-dose sex steroids can accelerate the onset of 
puberty. Intervention does not change the final height but hastens the 
child’s progression to that height. Treatment options are discussed in 
detail later in this chapter. 


Idiopathic Short Stature 


ISS is a clinical description rather than a disease. ISS is generally con- 
sidered a normal variant of growth (since pathologic causes are 
excluded by definition). The exact definition varies from country to 
country; in the United States, the Food and Drug Administration 
(FDA) uses a definition of height >2.25 SD below the age mean (which 
is the 1st percentile for height) for children in whom no specific cause 
of short stature has been identified after a thorough evaluation. This 
corresponds to an adult height <160 cm (5 feet 3 inches) for males and 
<150 cm (4 feet 11 inches) for females. 

In many cases, these children have familial short stature and their 
height is not inappropriate for parental height. But in most definitions, 
they are included in the category of ISS because the purpose of the 
definition was to identify children who may not have any pathology, 
but whose short stature per se constitutes a possible reason to treat 
them with GH. This notion remains controversial because there is no 
universal agreement about the possible psychosocial or economic 
impact of ISS. Those who support treatment of these children argue 
that such a degree of short stature may have adverse psychologic, social, 
and economic consequences and deserves to be treated even if no 
underlying pathology is identified. Opponents argue that there is no 
convincing evidence that short stature of this degree itself leads to any 
significant handicaps that would justify prolonged invasive therapy 
with an extremely expensive medication that may itself have future 
adverse health consequences. Third-party payers often regard such 
treatment as cosmetic and may not approve requests for therapy. It 
should be noted that in most cases, there are no consistent adverse 
effects of short stature on quality of life in children at or just below the 
Ist percentile; however, some studies do indicate that practical and 
psychosocial difficulties increase in those with extreme degrees of short 
stature. 

ISS is a diagnosis of exclusion; history, physical examination, labo- 
ratory studies, and imaging studies do not reveal any specific cause of 
short stature in an otherwise normal child. How much investigation is 
needed before a child can be labeled ISS remains a matter of contro- 
versy and clinical practice can vary significantly within and between 
different countries. Treatment with GH was approved by the FDA in 
2003 but remains controversial and may not be approved by third party 
payers. Treatment is more likely to be beneficial in those with more 
extreme degrees of short stature. A predicted adult height less than 
136 cm (about 4 feet 6 inches) in females and less than 149 cm (about 
4 feet 11 inches) in males is very likely to be associated with quality of 
life issues and certainly deserves treatment even in the absence of any 
underlying cause. 


Small for Gestational Age 


Children who are born SGA usually catch up with their peers by 2-3 
years of age, but 10-20% of children born SGA will fail to catch up and 
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will continue to be below the 3rd percentile. This is more likely in 
children who are born premature as well as SGA and in those most 
severely affected at birth. The mechanism underlying this failure of 
catch-up growth is not well understood. Children with IUGR also have 
an increased future risk of metabolic disorders such as type 2 diabetes. 
Children who were SGA typically have normal proportions and no 
other physical findings; in some cases, the IUGR is 1 component of a 
genetic syndrome (see Tables 43.2 and 43.6) and other features of the 
syndrome are present. 

Children who were born SGA with poor postnatal growth typically 
have normal or even elevated GH levels but lower average values of 
IGF-1 and IGFBP-3 (though most are still in the normal range), indi- 
cating some degree of GH resistance in at least some of these children. 
GH treatment increases final height by about 1 SD on average (about 
6 cm) if started early in life and continued for at least 7 years. In the 
United States, treatment is approved by the FDA for children who were 
born SGA and whose height remains >2 SD below the mean at age 2. 
In Europe, treatment is approved for children whose height is >2.5 SD 
below the mean by age 4. These children can be mildly GH-resistant 
and may therefore require GH doses at the higher end of the dose 
range. Since individual response varies, GH treatment can be started 
at the usual dose (30-50 ug/kg/day) and then increased if needed based 
on growth response and IGF-1 levels. 


Endocrine Disorders 

Growth Hormone Deficiency 

GH is essential for postnatal growth, and children who lack it are 
extremely stunted. GH deficiency may be congenital or acquired. The 
congenital form may be associated with other pituitary hormone defi- 
ciencies (multiple pituitary hormone deficiency [MPHD]) and may be 
associated with midline craniofacial defects (absence of the septum 
pellucidum and optic nerve hypoplasia [septo-optic dysplasia], cleft 
palate, holoprosencephaly, single central incisor). Genetic testing has 
revealed underlying genetic mutations in transcription factors involved 
in the development of the anterior pituitary in many (but not all) of 
these cases (see Table 43.4). Isolated congenital GH deficiency is rela- 
tively rare (i.e., it is more common to see congenital GH deficiency as 
a component of MPHDs). Some of these isolated cases are related to 
genetic abnormalities in the GH-releasing hormone receptor (GHRHR 
mutations) and others to mutations in the GH gene itself. Mutations 
in the GH receptor or in downstream signaling molecules lead to 
various rare forms of GH resistance. Mutations in the IGF-1 gene, in 
the ALS protein (a component of the IGF—IGFBP-3—ALS ternary 
complex), and in the IGF-1 receptor can lead to growth failure on rare 
occasions. But most cases of GH deficiency discovered in the course of 
evaluation of short stature are not due to known genetic mutations in 
the GH-IGF axis and are regarded as idiopathic. 

GH deficiency may also be acquired secondary to birth injury, head 
injury, midline tumors (most commonly craniopharyngioma), and 
cranial irradiation. Most such cases are associated with deficiencies of 
other pituitary hormones, but isolated GH deficiency may also occur 
after such insults. Injury to the anterior pituitary during childhood 
most likely affects GH secretion, followed by gonadotropins, thyroid- 
stimulating hormone (TSH), and adrenocorticotropic hormone 
(ACTH) in that order (in adults, gonadotropins may be affected more 
than GH). It is therefore possible to see isolated GH deficiency after a 
cranial injury, while it is very unusual to see central hypothyroidism 
or adrenal insufficiency in the absence of GH deficiency. 


Growth Hormone Deficiency Presenting in the Neonatal Period 


Isolated congenital GH deficiency that presents in the newborn period 
is uncommon. If GH deficiency presents in the newborn period, it 
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(See Nelson Textbook of Pediatrics, p. 2640.) 


usually does so in the setting of MPHD. It may be associated with 
midline defects (central incisor, septo-optic dysplasia, holoprosen- 
cephaly, cleft palate). Affected infants are often normal in birth size, 
although statistical analysis suggests that as a group, they are somewhat 
small. These newborns have an increased incidence of hypoglycemia 
and may also have jaundice with a hepatitis-type picture. Males fre- 
quently have micropenis; cryptorchidism may be seen in cases with 
concomitant gonadotropin deficiency. Hypoglycemia may be wors- 
ened by associated ACTH deficiency, which may also lead to hypoten- 
sion and hypothermia. Associated central hypothyroidism may also 
cause hypothermia, poor growth, poor feeding, and prolonged 
jaundice. 

Laboratory testing reveals a low random GH level (this is the only 
stage in life at which a random GH level is useful; levels less than 7 ng/ 
mL in the Ist week of life are considered abnormal), as well as low 
levels of IGF-1 (not very useful because the normal range overlaps with 
the deficient range) and low IGFBP-3. Associated central hypothyroid- 
ism, if present, is suggested by a low T, and an inappropriately normal 
(or even slightly elevated) TSH level; one would have expected the TSH 
level to be markedly elevated in a baby with low T,, but instead it is 
either normal or just minimally elevated. A low cortisol level (espe- 
cially in the face of hypoglycemia or other stressful situations) and low 
or low-normal ACTH level may hint at central ACTH deficiency; an 
ACTH stimulation test may be required to confirm the diagnosis. 
Gonadotropin levels may be affected, and if so, will remain low instead 
of rising in the 1st 2-3 months of life as they normally do in infants. 
GH stimulation testing is not required for the diagnosis of GH defi- 
ciency in the newborn period. Genetic testing may show mutations in 
1 of several genes involved in the normal development of the pituitary 
and the GH-producing cells of the pituitary (POUF1, PROP1, HESX1, 
LXH3, LHX4, SOX3) (see Table 43.4). Treatment with GH (and with 
other pituitary hormones that are frequently deficient in these neo- 
nates) will permit normal growth and development and prevent hypo- 
glycemia and other complications. 


Growth Hormone Deficiency in Childhood 


Most male children who are diagnosed with GH deficiency in child- 
hood demonstrate no manifestations in the neonatal period. A very 
small proportion has specific genetic defects in GH secretion or action 
that did not present (or were not obvious) in the newborn period; 
these children will usually exhibit very profound growth failure by the 
2nd or 3rd year of life. They typically look younger than their actual 
age and are classically described as chubby or cherubic; their heights 
are depressed more than their weights. They may have high-pitched 
voices, delayed dentition, and poor musculature. On testing, they are 
found to have very low IGF-1 and IGFBP-3 levels; GH stimulation 
testing reveals peak GH levels that are usually lower than 5 ng/mL. 
Bone age is typically delayed and an MRI of the brain may show a 
hypoplastic pituitary gland, an empty sella, or an abnormal pituitary 
bright spot. Genetic testing may show defects in the GHRH receptor 
gene or the GH gene. Defects in other genes involved in regulating GH 
secretion may be seen, but all are extremely rare. These children typi- 
cally respond very dramatically to GH replacement therapy and will 
grow very poorly in the absence of such therapy. 

Much more common is the phenomenon of the child who presents 
with short stature in childhood but does not have any known genetic 
or acquired cause of GH deficiency. These children are diagnosed as 
GH deficient based on a combination of auxologic and laboratory 
criteria and are candidates for GH therapy. But unlike children with 
neonatally apparent GH deficiency, or children with obvious causes of 
acquired GH deficiency (tumors, trauma, radiation), these children 
are frequently not GH-deficient when retested after puberty. This 
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idiopathic GH deficiency may be due to multiple genetic loci of small 
effect or a few loci of moderate effect, but the exact cause remains 
unknown. Poor linear growth usually becomes evident by age 3 years, 
but many cases are not brought to the attention of physicians until 
later in childhood. 

Diagnosis and treatment of children with idiopathic GH deficiency 
are based on consensus guidelines and expert opinion and may vary 
from country to country. In most cases, children are investigated for 
idiopathic GH deficiency if they are below the normal range for height 
(>2 SD below the mean, or <3rd percentile) or are extremely short for 
their genetic target height (projected adult height more than 9 cm 
below the MPH). A subnormal growth velocity (growth velocity <25th 
percentile or >1.5 SD below the mean) is seen and no other obvious 
cause of short stature can be found. 

No single test can be regarded as the gold standard for making this 
diagnosis. Most children will have an IGF-1 level that is low for age 
(and in older children, for pubertal stage and bone age), but occasion- 
ally a child who meets all other criteria for GH deficiency will have a 
normal IGF-1 level, while in other cases the IGF-1 level may be low 
because of malnutrition or chronic disease in a child who is not GH 
deficient. IGFBP-3 level is also frequently used as a measure of GH 
secretion but is less sensitive than the IGF-1 level and may not be 
helpful in most cases. Bone age is almost always delayed. If the diag- 
nosis is suspected as a result of auxologic findings (short stature, sub- 
normal growth velocity), a delayed bone age, and low IGF-1 and/or 
IGFBP-3 levels, then most authorities recommend performing 2 GH 
stimulation tests. In these tests, GH secretion is provoked by 1 of 
several pharmacologic agents and multiple GH levels are drawn over 
the next 2-3 hours. Glucagon, arginine, L-dopa, and clonidine are the 
most commonly used agents in children; insulin-induced hypo- 
glycemia is considered by many to be the gold standard test in adults, 
but is associated with the risk of life-threatening hypoglycemia and is 
not recommended in children. If all levels remain below an arbitrary 
cutoff (10 ng/mL in the United States), then the child is considered 
GH deficient. It should be noted that provocative testing is known to 
have both false-positive as well as false-negative results and should only 
be interpreted in the context of all available auxologic, laboratory, and 
imaging information. Because of these issues, some authorities recom- 
mend using auxologic criteria and growth factor levels to make the 
diagnosis of GH deficiency without performing any provocative tests 
of GH secretion. 

Any child diagnosed as having GH deficiency should have cranial 
imaging performed to rule out intracranial pathology before treat- 
ment is started. Once imaging (usually an MRI of the brain with 
fine cuts through the pituitary region) has been performed, treat- 
ment can be started with GH. The usual starting dose ranges from 
30-50 ug/kg/day, and this can then be increased in the case of poor 
response. Doses of 70 ug/kg/day or higher may be needed in some 
cases. IGF-1 levels can be used to assess the biochemical response 
and to see if there is room to increase the GH dose any further. 
Some authorities have recommended IGF-based dosing (adjusting 
the GH dose to keep the IGF-1 level in the high-normal range), 
but very high doses of GH may be required in some children to 
achieve such levels, and because of safety concerns this method has 
not been widely adopted. 


Acquired Growth Hormone Deficiency 


In acquired forms of GH deficiency, there may be a history of a pre- 
cipitating event (cranial irradiation, head trauma) or a history sugges- 
tive of an intracranial lesion (headaches, vomiting, visual disturbances). 
Affected children often have normal growth until the onset of the 
disorder; thereafter, their growth is attenuated. 


On physical examination, there may be evidence of the underlying 
disturbance (bitemporal hemianopsia, optic atrophy, or papilledema 
in midline tumors such as craniopharyngioma; dermatitis, scalp 
lesions, hepatosplenomegaly in Langerhans cell histiocytosis). The 
typical case will either be a child with a known history of conditions 
that can affect the anterior pituitary (head injury, irradiation, tumor) 
who shows deceleration of growth, or a child who was growing nor- 
mally and then has an obvious growth failure. Laboratory tests will 
show decreased IGF-1 levels (and in some cases, abnormal levels of 
other pituitary hormones); cranial imaging (usually an MRI with and 
without contrast) should then be done in all such cases. Bone age may 
not be delayed if the onset of GH deficiency was relatively recent. The 
diagnosis of GH deficiency is usually confirmed by provocative testing 
and treatment can then be started with usual doses of GH. In patients 
with brain tumors, treatment is usually delayed for at least 1 year after 
completion of therapy because of the theoretical risk that GH therapy 
may increase the size of any tumor that is present. 

Traditionally, GH therapy for GH deficiency was continued until 
linear growth was completed (i.e., until the closure of epiphyses), 
though it could be stopped at any point before that if the child is 
satisfied with his or her attained height. Because of the extremely 
high cost of GH therapy (50-100,000 dollars/year in the United 
States), many 3rd party payers require cessation of therapy once a 
reasonable adult height has been reached (exact targets vary depend- 
ing on the plan). 


Growth Hormone Insensitivity 


GH action may be impaired due to mutations of the GH receptor 
(Laron syndrome), defects in postreceptor signaling, mutations in the 
IGF-1 gene, deficiency of the ALS protein, and defects in IGF-1 action 
(Table 43.7; see also Tables 43.2 and 43.5). All of these conditions are 
very rare and constitute only a tiny fraction of the cases of short stature 
and growth failure seen in clinical practice. 

The GH receptor consists of an extracellular ligand-binding 
domain, a single membrane-spanning domain, and a cytoplasmic sig- 
naling component. Circulating GH-binding protein (GHBP) is just 
the extracellular domain of the GH receptor protein. Mutations in 
this receptor lead to various forms of Laron syndrome, characterized 
by GH resistance (hence elevated GH levels), low IGF-1 and IGFBP-3, 
and extreme degrees of growth failure. In some (but not all) cases, 
the extracellular domain of the receptor is involved, so GHBP level is 
also low. 

Other clinical features of Laron syndrome include small head cir- 
cumference, characteristic facies with saddle nose and prominent fore- 
head, delayed skeletal maturation, small genitalia and testes, short limb 
length compared to trunk length, and abnormal body composition 
with osteopenia and obesity. Intellectual development is normal or 
only modestly impaired. Prenatal growth is near normal, but postnatal 
growth is profoundly affected, with heights as low as —10 SD. 

It is worth noting that untreated children do not have a shortened 
life span and have a lower than average risk for cancer. 

Defects in the post-GH receptor signaling pathway can also cause 
short stature. Several patients have been described as GH insensitivity 
caused by a homozygous missense mutation in the gene encoding the 
STAT5B protein, which is an essential component of the JAK-STAT 
signaling pathway that is activated by the GH receptor. These patients 
have severe postnatal growth failure as well as immune dysregulation 
related to the role of STAT5B in the immune system. 

Mutations in the gene encoding IGF-1 cause profound prenatal 
as well as postnatal growth failure. A complete absence of IGF-1 is 
probably lethal in humans, but individuals have been described with 
deletions in the IGF-1 gene causing partial loss of function. These 
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TABLE 43.7 Clinical Features of Growth 
Hormone Insensitivity 


Growth and Development 
Birth weight: near normal 
Birth length: may be slightly decreased 
Bone age: delayed, but may be advanced relative to height age 
Genitalia: micropenis in childhood; normal for body size in adulthood 
Puberty: delayed 3-7 yr 
Sexual function and fertility: normal 


Craniofacies 
Hair: sparse before the age of 7 yr 
Forehead: prominent; frontal bossing 
Skull: normal head circumference; craniofacial disproportion due to small 
facies 
Facies: small 
Nasal bridge: hypoplastic 
Orbits: shallow 
Dentition: delayed eruption 
sclerae: blue 
Voice: high-pitched 


Musculoskeletal/Metabolic/Miscellaneous 
e Hypoglycemia: in infants and children; fasting symptoms in some adults 
e Walking and motor milestones: delayed 

Hips: dysplasia; avascular necrosis of femoral head 

Elbow: limited extensibility 

Skin: thin, prematurely aged 

Osteopenia 


From Sperling MA. Pediatric Endocrinology. 4th ed. Philadelphia: 
Elsevier; 2014:355. 


patients also have microcephaly, significant developmental delay, and 
hearing loss. 

IGF-1 is carried in the bloodstream primarily as part of a ternary 
complex with IGFBP-3 and the ALS. ALS deficiency leads to low cir- 
culating IGF-1 levels (probably via accelerated IGF-1 metabolism) and 
leads to mild short stature and pubertal delay. 

IGF-1 receptor mutations are extremely rare in liveborn babies and 
present with profound prenatal and postnatal growth failure. These 
children may have normal or only mildly abnormal cognitive develop- 
ment. Unlike the other GH insensitivity syndromes, circulating levels 
of IGF-1 are normal or elevated in these patients. 

All forms of GH insensitivity (except rare IGF-1 receptor defects) 
lead to IGF-1 deficiency. The FDA has approved treatment of these 
disorders with recombinant IGF-1 in cases where height and IGF-1 
levels are >3 SD below the mean with elevated or normal GH levels 
and no response to GH therapy. Commercial availability of this 
product has varied, and obtaining supplies for therapy may sometimes 
be a problem. 


Hypothyroidism 
Hypothyroidism impairs linear growth (Fig. 43.5). Thyroid deficiency 
may be congenital or acquired (Fig. 43.6). In view of the usefulness of 
neonatal thyroid screening programs, it is very uncommon for con- 
genital hypothyroidism to go untreated and cause short stature. 
Acquired hypothyroidism in children usually results from auto- 
immune thyroiditis. Children with Turner syndrome, Down syn- 
drome, Klinefelter syndrome, celiac disease, or diabetes mellitus are at 
increased risk for autoimmune hypothyroidism, as are children with a 
family history of autoimmune disease. Acquired hypothyroidism tends 
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(See Nelson Textbook of Pediatrics, p. 2665.) 
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FIGURE 43.5 Patterns of linear growth. Normal growth percentiles 
(5th, 50th, 95th) are shown along with typical growth curves for con- 
stitutional delay of growth and adolescence (A), familial short stature 
(B) and acquired pathologic growth failure (C) (e.g., acquired primary 
hypothyroidism). (From Styne DM. Endocrine disorders. In: Behrman 
RE, Kliegman RM, eds. Ne/son Essentials of Pediatrics. 2nd ed. Phila- 
delphia: WB Saunders; 1994:616.) 


FIGURE 43.6 A and B, A 10-year-old boy with 
acquired hypothyroidism before treatment. Note 
the short stature, immature body proportions, 
sleepy expression, generalized myxedema, and 
protuberant abdomen. C, After 4 months of 
thyroid hormone therapy, the child has grown, 
has lost myxedema, and has a bright facial 
expression. (From Kaplan SA, ed. Clinical Pediat- 
ric and Adolescent Endocrinology. Philadelphia: 
WB Saunders; 1982:93.) 


Endocrine and Metabolic Disorders 


to manifest most commonly in older children and teenagers. Often 
there are few complaints except for slow growth (after previously 
normal growth), weight gain, a goiter, or a combination of these. Other 
symptoms (dry hair or skin, constipation, cold intolerance) are less 
common. Postmenarchal females may have amenorrhea, or in rare 
cases, galactorrhea. School performance is generally not impaired. On 
physical examination, the major features are a height suggestive of 
deceleration from the previous growth curve, a goiter, and relative 
obesity (weight age > height age). The physical examination may also 
reveal bradycardia, dry hair or skin, and delayed reflexes. 

In acquired hypothyroidism, the laboratory test results include a 
high level of TSH and a low or low-normal thyroxine (T,) level or free 
thyroxine level (FT,). The presence of positive thyroid antibodies (anti- 
thyroperoxidase and antithyroglobulin antibodies) is consistent with 
autoimmune thyroiditis. The bone age is often significantly delayed in 
hypothyroidism. 

Central hypothyroidism is uncommon. In the newborn period, it 
usually (but not always) presents as a component of MPHD with TSH 
levels that are normal or even mildly elevated but that are inappropri- 
ately low for the decreased thyroxine level. Acquired central hypothy- 
roidism is usually due to known injury to the anterior pituitary (e.g., 
central nervous system tumors, granulomas, irradiation, head trauma) 
and is associated with other pituitary hormone deficiencies. In prac- 
tice, it is much more common to see low T, and normal or mildly 
elevated TSH levels in children who have another illness and have the 
syndrome of nonthyroidal illness (NTI) leading to temporarily abnor- 
mal thyroid function tests (previously known as euthyroid sick 
syndrome). 

The treatment of hypothyroidism is thyroid replacement therapy 
(L-thyroxine). 


Glucocorticoid Excess (Cushing Syndrome) 


Cushing syndrome results from excessive levels of glucocorticoids. 
Whether endogenous or exogenous, glucocorticoids markedly stunt 
growth. In general, because such conditions are acquired, the history 
reveals a child previously growing well whose growth velocity slows. 
The child typically continues to gain weight at a rapid rate, even 
though linear growth is attenuated. This is in contrast to exogenous 
obesity, in which affected children tend to grow at normal or rapid 
rates. The history may indicate that the child was treated with oral, 
topical (especially with occlusive dressings), or intradermal glucocor- 
ticoids at high doses or for long durations. Alternate-day oral gluco- 
corticoids are much less likely to attenuate growth than are daily doses. 
Cushing syndrome is very unlikely with inhaled corticosteroids (ICS), 
but a small effect on linear growth may be seen with the use of high- 
potency ICS. 

Physical findings in endogenous Cushing syndrome may include 
acne, virilization, and increased appetite. Hyperpigmentation may 
occur when Cushing syndrome is secondary to excessive ACTH levels. 
This may be caused by ACTH from a pituitary tumor (Cushing disease) 
or (less commonly) from a nonpituitary source (ectopic ACTH 
syndrome). 

The physical examination usually reveals short stature with relative 
obesity. Many affected children have the moon face and plethora char- 
acteristic of Cushing syndrome. A buffalo hump, large purple striae, 
acne, and hypertension may also be present. Marked virilization is 
worrisome because it may indicate an adrenal tumor. 

The diagnosis of endogenous Cushing syndrome is based on dem- 
onstrating abnormally high glucocorticoid production (on a 24-hour 
urine sample for free cortisol, normalized to creatinine) and failure to 
suppress cortisol production adequately in response to exogenous glu- 
cocorticoid. A screening test for capacity to suppress cortisol secretion 
in response to exogenous glucocorticoid is the overnight dexametha- 
sone suppression test. This involves the child taking 0.3 mg/m’ of 
dexamethasone at 11:00 p.m. (the standard dose of dexamethasone in 
adults is 1 mg), followed by a measurement of circulating cortisol the 
following morning; a normal cortisol level after dexamethasone sup- 
pression is less than 5 ng/mL. False-positive results may occur in the 
setting of obesity, chronic illness, or stress. If the child shows biochemi- 
cal evidence of Cushing syndrome, further investigations including 
computed tomography, magnetic resonance imaging, and measure- 
ment of ACTH levels are needed to determine whether a pituitary 
tumor (the commonest cause), an adrenal tumor, or ectopic ACTH 
production is present. Exogenous Cushing syndrome is usually evident 
from the history and physical examination results. 

Treatment involves the removal of excess glucocorticoids either by 
reducing or discontinuing exogenous steroids if medically feasible, or 
in the case of endogenous hypercortisolism caused by a pituitary or 
adrenal tumor, by surgery. 


Other Endocrine Disorders 


Diabetes mellitus, when poorly controlled, can lead to slow linear 
growth. The diagnosis should be apparent from the history. However, 
because of the risk of autoimmune thyroiditis and celiac disease, slow- 
growing children with diabetes should also be checked for hypothy- 
roidism and celiac disease. 

Diabetes insipidus, when poorly controlled or untreated, may lead 
to slow growth. High fluid intake in central diabetes insipidus is dra- 
matically decreased with vasopressin; treatment of nephrogenic diabe- 
tes insipidus is more challenging (see Chapter 45). 

Vitamin D deficiency rickets, hypophosphatemic rickets, and 
pseudohypoparathyroidism are also associated with short stature, but 
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bony abnormalities and disorders of calcium and phosphate metabo- 
lism, rather than short stature, are the usual presenting features of 
these disorders. 


Genetic Causes of Short Stature 


Several chromosomal abnormalities, copy-number variants (microde- 
letions, duplications), and single-nucleotide variants that are associ- 
ated with significant short stature are well described and more are 
being discovered, but apart from Turner syndrome, these are uncom- 
mon causes of short stature. Because of the relatively high prevalence 
of Turner syndrome, a karyotype is indicated in the evaluation of all 
prepubertal girls with significant short stature. 

Turner syndrome. Turner syndrome is relatively common, with an 
incidence of 1/2500 liveborn females, and is caused by the absence or 
abnormality of an X chromosome. Short stature is the single most 
common physical finding in Turner syndrome and may occur in the 
absence of any other physical finding (Fig. 43.7). The mechanism by 
which short stature occurs in Turner syndrome is multifactorial, but 
haploinsufficiency (absence of 1 copy) of the Short Stature HomeoboX 
gene (SHOX) is believed to play a major role. This gene is located 
within the pseudoautosomal region of the X chromosome, which 
escapes X-inactivation and is therefore normally expressed from both 
copies of the X chromosome. It is highly active in skeletal tissues, 
and its absence in Turner syndrome (where only 1 X chromosome is 
present, or if present, the 2nd X chromosome is abnormal) leads to 
haploinsufficiency and causes severe short stature. 

Linear growth is only mildly affected in utero and birth size is 
normal or near normal. By early childhood, marked short stature is 
usually noted and there is progressive deviation of height away from 
the normal growth curve. Linear growth is further attenuated during 
the teenage years and the mean adult height ranges from 142-146 cm 
in various populations. Even in females with Turner syndrome, adult 
height is influenced by the height of the parents, and girls with Turner 
syndrome who are born to tall parents tend to be taller. Breast enlarge- 
ment and menses generally fail to occur as a result of ovarian failure. 
However, the presence of pubertal development should not deter con- 
sideration of the diagnosis because approximately 10% of patients have 
some residual ovarian tissue rather than streak gonads. In a few cases, 
even fertility has been reported. 

In addition to short stature and ovarian failure, there may be 
various dysmorphic features, including a webbed neck, low posterior 
hairline, lymphedema beginning in the neonatal period (manifesting 
mainly as puffy hands and feet), increased carrying angle of the arm, 
pigmented nevi, short 4th metacarpals, nail abnormalities, and renal 
and cardiac anomalies (coarctation of the aorta). But any or all of these 
may be absent, and short stature may be the only abnormality in some 
females with Turner syndrome (particularly in those with chromo- 
somal mosaicism). Therefore, the absence of dysmorphic features 
should not preclude consideration of Turner syndrome in short 
females. 

A karyotype analysis is necessary to confirm or rule out the diag- 
nosis of Turner syndrome in any female with short stature of unknown 
origin. If 45,X0 is confirmed, additional screening in the laboratory 
should include a fluorescence in situ hybridization (FISH) probe for 
the Y chromosome as these individuals require removal of their streak 
gonads to reduce the risk for gonadoblastoma in the dysgenic gonadal 
tissue. Additional laboratory features may include abnormally high 
levels of the gonadotropins, luteinizing hormone, and follicle- 
stimulating hormone (FSH), which are indicative of ovarian failure; 
however, levels may be normal in middle childhood because of normal 
central nervous system suppression of gonadotropin secretion at 
that time. 
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and broad chest. (From Lemli L, Smith D. The XO syndrome. A study of the differentiated phenotype in 25 


patients. J Pediatr. 1963;63:577-588.) 


Although short stature in Turner syndrome is not believed to result 
from GH deficiency, treatment of Turner syndrome with GH therapy 
(typically in higher doses than those required for classic GH defi- 
ciency) increases final height and is recommended. The addition of 
low-dose oxandrolone may further increase the growth of females with 
Turner syndrome and is a useful adjunct in females who are diagnosed 
relatively late and who may not reach a normal height with GH therapy 
alone. 

Down syndrome. Short stature is a prominent feature in Down 
syndrome, but the mechanism by which trisomy 21 causes impaired 
growth is not known. It is independent of the hypothyroidism that may 
also occur in this condition. Specific treatment for short stature is 
typically not recommended in this condition. 

Prader-Willi syndrome (PWS). PWS is characterized by hypoto- 
nia, failure to thrive with poor sucking during infancy, hypogonadism 
(manifested as cryptorchidism in males), short stature with small 
hands and feet, hyperphagia leading to morbid obesity beginning 
in early childhood, developmental delay/intellectual disability, and 
behavioral concerns including obsessive-compulsive disorder. The 
average adult height is 147 cm (4 feet 9 inches) in females and 155 cm 
(5 feet 1 inch) in males. PWS is caused by the absence or inactivity of 
a segment of the paternally inherited chromosome 15 (15q11.2-13), 
whereas deletion of the same chromosomal segment in the maternally 
inherited chromosome causes Angelman syndrome. It is thus the 
classic example of genomic imprinting; a phenomenon in which the 
expression of a gene or genomic region differs depending on the chro- 
mosome’s parent of origin. 

PWS may be due to a deletion of the PWS region of the paternal 
chromosome (about 65% of cases), or the inheritance of 2 complete 
copies of the maternal chromosome 15 and the absence of the paternal 
chromosome (a condition labeled maternal uniparental disomy, 
responsible for 30-35% of the cases). In about 2% of the cases, it 
appears to be due to a defect in the imprinting center rather than the 
absence of the paternal genes. DNA methylation probes will detect 
almost all cases by revealing whether the patient has maternal and 
paternal methylation patterns (normal), absence of the paternal pattern 
(causing PWS), or absence of the maternal pattern (causing Angelman 
syndrome). Further genetic testing is then needed to determine whether 
the cause is a deletion, a disomy, or an imprinting center defect. 


Early treatment with GH increases final height, but also improves 
body composition and the achievement of developmental milestones. 
It may also decrease the incidence of morbid obesity. Because of 
these reasons, most authorities consider early treatment with GH 
(starting between 4 months and 2 years of age) to be the standard 
of care in PWS. Because of some reports of a possible increase in 
the rate of sudden death from upper airway obstruction in the Ist 
months of treatment, a sleep study and/or an ears, nose, and throat 
(ENT) consult may be recommended before initiating treatment, with 
the sleep study repeated 6-12 weeks after starting treatment and annu- 
ally thereafter. 

Russell—Silver syndrome. Russell-Silver syndrome (RSS) is char- 
acterized by severe IUGR that persists in postnatal life. These children 
have proportionate short stature, a normal head circumference, trian- 
gular facies, downturned corners of the mouth, and a prominent 
forehead. Other features may include 5th finger clinodactyly and 
undergrowth of 1 or more limbs of the body (hemihypotrophy), 
leading to limb length discrepancy. These children usually have feeding 
difficulties and may exhibit mild developmental delay. 

RSS is associated with methylation abnormalities in an imprinting 
control region on the paternal chromosome 11p15.5 in about 60% of 
subjects. In another 10%, it is caused by maternal uniparental disomy 
of chromosome 7 (absence of the paternal chromosome 7). No genetic 
cause is identified in the remaining children and the diagnosis is based 
on clinical criteria. Treatment with GH increases height, but the doses 
required may be higher than average because of some element of GH 
resistance. 

Short stature HomeoboX gene mutations. The SHOX gene is 
located within the pseudoautosomal regions of the X and Y chromo- 
somes. This region escapes X-inactivation and so it is normally 
expressed from both X chromosomes in females. In males, the gene is 
expressed from the X as well as the Y chromosomes. Haploinsufficiency 
of the SHOX gene (mutations affecting 1 copy of the gene) leads to 
short stature that may be associated with other skeletal findings such 
as the Madelung deformity (a dinner fork deformity of the distal 
forearm and wrist), mesomelia (shortening of the forearm and leg), 
cubitus valgus, and dislocation of the ulna. The combination of short 
stature and several of the above significant skeletal abnormalities is 
labeled Léri-Weill-dyschondrosteosis and is more common in females. 


In other cases, the skeletal abnormalities may be relatively subtle and 
isolated short stature may be the only notable finding. 

Screening for SHOX gene mutations is reserved for children with 
any combination of the following physical findings: increased U/L, 
reduced arm span/height ratio, increased sitting height/height ratio, 
above-average body mass index, Madelung deformity, cubitus valgus, 
short or bowed forearm, dislocation of the ulna at the elbow, or the 
appearance of muscular hypertrophy. In otherwise short children who 
do not have any of these associated findings, the yield from testing for 
SHOX mutations is very low. Treatment with GH can increase final 
height, though higher than average doses may be required. 

Noonan syndrome. Noonan syndrome has an incidence of 1 in 
1000-2500 live births. Approximately 50% of children with Noonan 
syndrome have a pathogenic variant in the PTPN11 gene. There are 
currently 12 genes that have been identified in which pathogenic vari- 
ants result in Noonan syndrome; these are much less common than 
PTPN11 and include the genes: SOS1, RAF1, KRAS, SHOC2, BRAF 
NRAS, RIT1, CBL, KATB6, LZTR1, and SOS2. The syndrome is char- 
acterized by minor facial dysmorphism (hypertelorism, downward eye 
slant, and low-set ears), proportionate short stature, and right-sided 
heart disease, most often pulmonic stenosis and hypertrophic cardio- 
myopathy. Other common findings include a short webbed neck, chest 
deformity (pectus excavatum), cryptorchidism, intellectual disability, 
bleeding diathesis, and lymphedema. Since some of these findings 
overlap with the findings seen in Turner syndrome, this syndrome was 
sometimes described as “pseudo-Turner,’ though Noonan syndrome 
occurs in both females and males and has its own specific phenotypic 
features and genetic etiology. GH therapy is recommended to treat 
short stature associated with Noonan syndrome and is an FDA- 
approved indication for the use of GH. 


Malnutrition 


Worldwide, malnutrition resulting from poverty is still the commonest 
cause of short stature. In North America, malnutrition may arise from 
inadequate intake secondary to poverty or deprivation, poor intake 
secondary to overt or occult chronic illness (e.g., inflammatory bowel 
disease, renal failure), or inability to utilize food intake (malabsorp- 
tion). In all these conditions, weight tends to be depressed to a greater 
degree than height. The history should include a review of the child’s 
food intake (often best obtained by a 3-day diet record), appetite, and 
detailed review of systems. Specific nutritional disorders, such as 
rickets, may also lead to short stature. Appropriate treatment leads to 
acceleration of linear growth, typically lagging a few weeks or months 
behind weight gain. Catch-up growth occurs, but may not compensate 
for all of the lost height potential in long-standing cases, leading to a 
permanent height deficit. 


Chronic Illness 


Chronic illnesses, such as inflammatory bowel disease, celiac disease, 
renal dysfunction, and chronic inflammation, can lead to short stature. 
The mechanisms of impaired growth include poor appetite or poor 
intake (e.g., inflammatory bowel disease, renal dysfunction), malab- 
sorption (e.g., celiac disease), medications (e.g., chronic glucocorti- 
coids for severe asthma), chronic acidosis (e.g., renal tubular acidosis), 
and secondary endocrine dysfunction (e.g., GH resistance associated 
with systemic inflammation). Although the primary disorder is evident 
in many cases, short stature is sometimes the presenting feature of the 
chronic disease. This occurs notably in inflammatory bowel disease, 
celiac disease, and renal dysfunction. 

Gastrointestinal disease—Children usually have a greater deficit 
in weight than height. Gastrointestinal symptoms are frequently 
present, but short stature alone may be the initial presentations of 
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celiac disease and inflammatory bowel syndrome. The growth failure 
in inflammatory bowel disease is due to a combination of decreased 
food intake, malabsorption, and the inflammatory process (mediated 
by proinflammatory cytokines). This may be further aggravated by the 
use of high-dose glucocorticoids for treatment. GH therapy has been 
shown to increase height velocity in some small trials in inflammatory 
bowel disease, but no consensus exists yet about its role in these chil- 
dren. Celiac disease responds to a gluten-free diet and height velocity 
normalizes with adequate treatment. 

Renal disease—Children with chronic kidney disease may develop 
growth failure due to chronic metabolic acidosis, uremia, poor nutri- 
tion, anorexia, anemia, calcium and phosphorus imbalance, renal 
osteodystrophy, and impairment of GH action. It may also be aggra- 
vated by the use of high-dose glucocorticoids. GH therapy is recom- 
mended for children with profound growth failure and is typically 
continued until renal transplantation. 

Pulmonary disease—Growth failure in cystic fibrosis is secondary 
to both its pulmonary and gastrointestinal manifestations. Chronic 
infection and systemic inflammation contribute to short stature. 

Severe asthma may interfere with growth directly as well as via the 
effect of glucocorticoid therapy. Daily use of systemic glucocorticoids 
for any significant length of time will lead to growth suppression, but 
potent ICS may also have noticeable systemic effects in some cases 
(probably due to individual differences in technique and sensitivity). 
Alternate-day dosing and drug holidays can reduce this risk of growth 
suppression from oral corticosteroids. In the case of ICS, the use of the 
minimum effective potency and dose may help ameliorate systemic 
effects in children who exhibit signs of growth failure. 

Cardiac disease—All forms of severe heart disease in childhood 
can be associated with growth failure. The underlying mechanism may 
be an increase in energy requirements, as well as anorexia and poor 
oral intake. 

Immunodeficiencies—Both congenital and acquired immunode- 
ficiencies (such as, human immunodeficiency virus [HIV] infection) 
are associated with growth failure. Mechanisms include anorexia, mal- 
absorption, diarrhea, chronic infection, and systemic inflammation. 
The diagnosis is usually evident, but an occasional child with common 
variable immune deficiency may present with growth failure before 
clues in the history and physical examination lead to an evaluation of 
immune status. Successful treatment of the underlying disease will 
usually lead to an improvement in growth. 

Other diseases—Childhood rheumatologic diseases, especially sys- 
temic juvenile idiopathic arthritis (JIA), are frequently associated with 
growth retardation. Children with childhood cancers may have poor 
weight gain and growth failure because of anorexia, gastrointestinal 
disturbances, and increased energy utilization. After diagnosis, chemo- 
therapy and radiation may lead to poor growth, and radiation to the 
spine can lead to a permanent growth deficit and disproportionate 
growth failure (with short truncal height and longer limbs). Late 
growth failure may be the result of hypothalamic damage leading to 
GH and thyroid hormone deficiencies. 

In most of these systemic illnesses, the history typically reveals that 
the child had been growing normally until some point. Then, the 
growth rate slowed, which is suggestive of the onset of an illness. The 
history may reveal a clear earlier diagnosis of chronic illness or may 
include symptoms suggestive of the underlying disorder (e.g., loss of 
appetite, diarrhea, mouth sores, fevers). The physical examination 
typically shows that the weight is more depressed than the height. 
There may also be features indicative of the underlying disorder (e.g., 
pallor in anemia, perianal findings in Crohn disease). 

Laboratory studies that screen for chronic illness (complete 
blood cell count, erythrocyte sedimentation rate, chemistry profile, 


urinalysis) may at times provide clues to the diagnosis. Screening for 
celiac disease with tissue transglutaminase immunoglobulin (Ig)A 
antibody testing may be indicated, especially if failure to thrive appears 
after a period of normal growth or if weight is affected more than 
height. If indicated by the clinical features and/or screening laboratory 
studies, definitive diagnosis requires directed tests (e.g., endoscopy and 
biopsy for inflammatory bowel disease or celiac disease, sweat chloride 
test for cystic fibrosis). 

The management of these conditions rests on a specific therapy 
directed at the underlying condition (e.g., a gluten-free diet for celiac 
disease). When the disease is adequately treated, the growth rate often 
improves, but catch-up growth may not compensate for all of the lost 
height potential in long-standing cases, leading to a permanent height 
deficit. GH therapy may be indicated if the height deficit is severe and 
is unlikely to correct with treatment of the underlying disease alone. 
GH is specifically approved for the treatment of short stature in chil- 
dren with renal insufficiency. 


Emotional Deprivation 


Deprivation can stunt growth in 2 ways. First, a child may be deprived 
of food (an example of malnutrition); in this case, the child’s weight 
is generally depressed more than the height. Second (and more rarely), 
a child who is emotionally deprived (and emotional deprivation, rather 
than actual physical abuse, seems to be key) may have profound 
short stature without apparent malnutrition (psychosocial dwarfism). 
In this case, the height is depressed more than the weight (Fig. 43.8). 
Such a child may (in some, but not all cases) have the clinical features 
of GH deficiency and may in fact show laboratory evidence of 
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FIGURE 43.8 A growth chart of a boy with deprivation dwarfism 
(psychosocial dwarfism). Between the ages 6 and 8%, years, he had 
chemical evidence of growth hormone (GH) deficiency. After placement 
in a chronic care facility (arrow), his growth rate improved markedly, 
and his GH levels reverted to normal. NCHS, National Center for Health 
Statistics. (Data from the Centers for Disease Control and Prevention. 
Published May 30, 2000, and modified November 21, 2000. http: 
www.cdc.gov/growthcharts.) 
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hypopituitarism, but when placed in a more nurturing environment, 
the child grows markedly, and the GH levels revert to normal. This 
disorder may be difficult to diagnose, and the social history is critical. 
The diagnosis ultimately rests on significant improvement of growth 
once the environment improves. 


latrogenic Causes 


Treatments for medical conditions may secondarily impair growth. 
The classic example is glucocorticoids. This is obviously a risk with 
prolonged systemic steroid use, but even inhaled or topical steroids 
(especially if used over a wide area or under an occlusive cover) may 
suppress growth. A significant proportion of the dose of ICS is depos- 
ited in the oral cavity and oropharynx and after being swallowed is 
absorbed via the GI tract. Much of this is metabolized to inactive 
metabolites in the liver (1st-pass metabolism) but some still escapes 
inactivation and may have systemic effects. Systemic effects are gener- 
ally mild, but long-term studies show that high-potency ICS (e.g., 
budesonide and fluticasone) do have a small but measurable impact 
on linear growth. The final adult height may be decreased by 1-2 cm 
in long-term users of ICS. Since poorly controlled asthma is a serious 
condition and may have an even bigger impact on growth, this rela- 
tively small effect should not prevent the use of ICS in asthma patients 
who need it. But an occasional child may have more significant slowing 
of growth based on individual differences in sensitivity, metabolism, 
and technique, and this possibility should be kept in mind as a possible 
cause of slow growth. 

Spinal irradiation for treatment of malignancies may stunt growth 
by limiting further spinal growth; this is associated with a high U/L. 
Treatments for hyperactivity (sympathomimetic agents suppress 
appetite) may interfere with growth and cause a small but measurable 
decrease in final height in some children. 


Bone Dysplasias 


Skeletal dysplasias constitute a group of disorders in which there is an 
innate failure of the bone or cartilage to grow normally (see Table 
43.3). Abnormal body proportions are characteristic of these condi- 
tions (disproportionate short stature), although there are some excep- 
tions. Skeletal dysplasias are inherited disorders which, most often, 
impact the regulation of normal bone growth. Bone age is not a reliable 
indicator of osseous maturity in these conditions. 


Achondroplasia 


Achondroplasia is the classic example of an autosomal dominant 
chondrodysplasia (Fig. 43.9). The incidence is approximately 1/20,000. 
This condition is relatively unique in that near all affected individuals 
have a gain of function mutation in the fibroblast growth factor recep- 
tor 3 (FGFR3) gene at position 1138, which results in a glycine to 
arginine amino acid substitution in the protein (p.Gly380Arg). An esti- 
mated 80% of the cases are due to de novo mutations (i.e., the parents 
do not have the mutation). Short stature, body disproportion with 
short limbs, hypotonia, and a relatively large head with midface hypo- 
plasia are often noted at birth. A progressive deceleration of growth 
rate begins in infancy, and the humerus and femur are particularly 
shortened (rhizomelia; i.e., proximal shortening of the limbs). The 
hands may show a 3-pronged configuration (trident hand). In addi- 
tion, there may be hydrocephalus as a result of narrowing of the 
foramen magnum, kyphosis, stenosis of the spinal canal, and vertebral 
disk lesions. The diagnosis is clinical and is supported by characteristic 
radiologic features that include small cuboid vertebral bodies and ante- 
rior beaking of the Ist or 2nd lumbar vertebra. The average adult 
height is 125 cm (4 feet 1 inch) in girls and 131 cm (4 feet 3 inches) in 
boys. There is no effective treatment for short stature in this condition. 


r 1 
FIGURE 43.9 Achondroplasia. A, One-year-old boy with height age of 4 months. B, Four-year-old girl with 
a height age of 20 months. (A, from Smith DW. Compendium on shortness of stature. J Pediatr. 1967;70:504; 
B, from Jones KL, ed. Smith’s Recognizable Patterns of Human Malformation. 4th ed. Philadelphia: WB 
Saunders; 1988.) 


Hypochondroplasia 


Hypochondroplasia is an allelic variant of achondroplasia and mani- 
fests with short stature and dysmorphic features that are often milder 
than in achondroplasia. In particular, there are few craniofacial abnor- 
malities, and body disproportion may be subtle. Newborns may be 
slightly small, but short stature generally becomes apparent by age 3 
years. The short stature is minimally disproportionate with relatively 
short limbs. The hands and feet are usually noted to show brachydac- 
tyly (shortening of the tubular bones). Genu varum may occur. Radio- 
logic hallmarks include metaphyseal indentation and flaring as well as 
hypoplasia of the ilia with small greater sciatic notches. Some reports 
suggested a beneficial effect of GH, but this remains a nonstandard 
indication for GH treatment. 

Spondyloepiphyseal dysplasias are a heterogeneous group of dys- 
plasias that primarily affect the epiphyses and the vertebral bodies. Most 
forms are characterized by a shortened trunk and vertebral anomalies. 
These conditions may lead to spinal cord compression due to sublux- 
ation of the cervical spine. GH therapy is not recommended. 


Osteogenesis Imperfecta 


Moderate and severe forms of osteogenesis imperfecta are associated 
with proportional short stature. The diagnosis is usually evident and 
short stature is not a presenting feature. 


EVALUATING THE CHILD WITH SHORT STATURE 


Statistically, most children with short stature will turn out to have 1 of 
the normal variant causes of short stature (familial short stature or 
constitutional delay) or will have ISS. An extensive evaluation will not 
reveal a specific cause in most patients. On the other hand, short 
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stature in general, and growth failure in particular, may the 1st sign of 
a serious systemic disease or endocrine disorder and appropriate evalu- 
ation is essential to make the correct diagnosis. It is best to start the 
evaluation with a thorough history (including a family history and 
direct measurement of the heights of both parents if possible) and 
physical examination (including careful measurement and plotting of 
height on appropriate growth charts) and then order laboratory tests 
and imaging studies based on this evaluation and specifically tailored 
to the particular child instead of simply ordering a certain panel of 
tests for every child with short stature. 

At the 1st contact with a short child, the physician usually does not 
know if the height velocity is also abnormal. If the initial history and 
examination do not indicate that a specific cause may be present, it is 
best to schedule a 2nd visit in 4-6 months to reassess the height and 
to accurately measure the height velocity. But if the initial history and 
examination indicate possible pathology, or if the short stature is 
unusually severe (>2.5 SD below the mean is a good cutoff), then some 
immediate laboratory tests and a bone age radiograph may be per- 
formed at the 1st visit. 

At any stage, the finding of a subnormal growth velocity is more 
concerning than the finding of short stature. Normal variants are not 
characterized by a subnormal growth velocity, and barring mismea- 
surement, a growth rate below the normal range is a cause of concern 
and should trigger an evaluation. A figure of 5 cm/yr is frequently used 
as a rough measure of the minimum height velocity in childhood (after 
age 3), though strictly speaking a normal height velocity may be as low 
as 4 cm/yr for males and 4.5 cm/yr for females in children between the 
age of 6 years and puberty. 

Initial screening labs should include an IGF-1 level (to assess 
GH secretion), a TSH (to evaluate the thyroid gland), and a bone 


age radiograph to assess bone maturation and obtain an estimate 
of the final adult height. A complete blood count (to rule out 
anemia) and a creatinine level (to assess renal function) as well as 
an erythrocyte sedimentation rate or C-reactive protein to identify 
systemic inflammation may be indicated. A karyotype is mandatory 
in any female with significant short stature because of the possibility 
of Turner syndrome. Beyond that, the testing will be guided by 
the history, the physical examination, and the results of initial 
screening labs. 


® Important Considerations in the History 

Pregnancy and Birth History 

° Did the mother have illnesses or take medication during the preg- 
nancy? Maternal illness or use of certain drugs can cause poor fetal 
growth. 

° What was the birth weight and length? IUGR may lead to continu- 
ing small stature. 

° Did the baby have perinatal problems such as unexplained hypo- 
glycemia, prolonged jaundice, or in males, a small phallus? These 
are all suggestive of congenital GH deficiency. 

° Did the neonate have other perinatal problems (birth asphyxia, 
puffy extremities)? These may provide clues to the underlying 
cause of short stature (significant hypoxia may lead to hypopi- 
tuitarism; puffy extremities in a female are suggestive of Turner 
syndrome). 


Infancy and Childhood 


What was the child’s growth pattern? The child who is short but 
growing at a normal rate and paralleling the 3rd percentile is more 
likely to have familial or constitutional short stature. The child whose 
height deviates progressively away from the normal curve (especially 
after 24 months of age) is much more likely to have an underlying 
medical disorder. When this progressive deviation occurs from early 
childhood and continues, it often represents a congenital disorder (e.g., 
Turner syndrome, congenital GH deficiency). However, growth attenu- 
ation that occurs after a sustained period of normal growth suggests 
that a disorder has been acquired (e.g., acquired GH deficiency, inflam- 
matory bowel disease). 

What were the child’s developmental milestones? How is the school 
performance? Slow development or poor school performance may 
indicate a central disorder or may represent part of a syndrome (e.g., 
PWS). Hypothyroidism acquired after age 3 years usually does not 
interfere with school performance, although inadequately treated con- 
genital hypothyroidism often leads to intellectual impairment. This 
question may also elicit a history of emotional problems. 

Has the child had any serious illnesses or been on medication? 
Chronic illness often impedes growth, as do certain medications (glu- 
cocorticoids). A history of nonendocrine medical problems may also 
provide clues to the underlying disorder (e.g., the presence of aortic 
coarctation may be suggestive of Turner syndrome). 


Review of Systems 


How is the child’s appetite? What does the child eat in a typical 3-day 
period (often best described by a formal diet record)? Adequate caloric 
intake is needed for growth. Inadequate intake may be a symptom of 
underlying chronic disease. 

Does the child have abdominal pain, diarrhea, unexplained fevers, 
mouth or anal sores, or joint pain? These symptoms suggest occult 
inflammatory bowel disease. 

Does the child have neck swelling, lethargy, constipation, cold intol- 
erance, or weight gain without much increase in height? These are 
among the symptoms of acquired hypothyroidism. 
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Does the child have headaches, vomiting, or visual disturbances? 
Symptoms of central nervous system dysfunction, raised intracranial 
pressure, or both suggest the possibility of acquired hypopituitarism in 
association with a central lesion such as a tumor or hydrocephalus. 

Has the child begun pubertal development? Puberty influences 
growth. Children with constitutional delay in growth and development 
have delayed puberty and often have an exaggerated nadir of growth 
velocity before puberty begins. However, the more puberty is delayed, 
the greater the likelihood of a medical disorder such as hypogonadism. 
Delayed puberty may also be a manifestation of hypogonadism (Turner 
syndrome), or it may be secondary to a growth-impeding disorder 
(hypothyroidism, malnutrition, chronic illness). Precocious puberty is 
not a cause of growth failure (it should accelerate growth), but it may 
lead to a short final adult height because of premature fusion of the 
epiphyses. 


© Family History 


What were the heights of the parents and other family members at the 
child’s age, and when did they undergo puberty? What are the current 
heights of the parents and family members? The most frequent causes 
of short stature are familial short stature and constitutional delay in 
growth and development. In the former, a family history of short 
stature is elicited. In the latter, a family history of delayed puberty is 
elicited. 


@ Physical Examination 


Height and weight should each be plotted carefully on growth charts. 
The degree of short stature in relation to peers is ascertained. Previous 
height measurements provide an index of the child’s pattern of growth. 
Weight that is depressed more than height in a short child is suggestive 
of chronic illness or malnutrition. In contrast, a child who is short but 
chubby is more likely to have an endocrine disorder or syndrome (e.g., 
GH deficiency, hypothyroidism, Cushing syndrome, PWS). 

Exogenous obesity is usually associated with a relatively tall stature. 
Disproportionate short stature is characteristic of skeletal dysplasias 
(short limbs in the case of achondroplasia and hypochondroplasia, 
short trunk in some rare forms of skeletal dysplasia) and may also be 
seen in long-standing hypothyroidism. 

The presence of dysmorphic features is often suggestive of a syn- 
drome or genetic disorder (e.g., Turner syndrome, Noonan syndrome). 
Midline craniofacial defects are suggestive of hypopituitarism. 

Goiter, delayed dentition, bradycardia, dry hair or skin, or delayed 
reflexes may be suggestive of hypothyroidism. 

A cherubic or doll-like appearance, high-pitched voice, delayed 
dentition, poor musculature, or relative adiposity may be suggestive of 
GH deficiency. 

Bitemporal hemianopsia, papilledema, optic atrophy, or accelerat- 
ing head circumference in a young child is suggestive of a central 
nervous system abnormality (craniopharyngioma) causing hypopitu- 
itarism. 

The stage of puberty is noted. Delayed puberty is compatible with 
constitutional delay in growth and development, hypogonadism, pan- 
hypopituitarism, severe hypothyroidism, or chronic illness. 


THERAPEUTIC OPTIONS 
$ Specific Treatment of the Primary Disorder 


If a child is found to have a clear medical condition causing short 
stature and for which treatment is available (e.g., hypothyroidism, GH 
deficiency), the appropriate treatment (thyroid replacement therapy or 
GH therapy, respectively) improves growth markedly as long as the 
epiphyses remain open. Often, such children experience accelerated 


(catch-up) growth for some time after appropriate treatment is insti- 
tuted. Complete compensation for growth failure is unlikely to occur 
if the disorder was many years in duration or occurred very close to 
the onset of normal puberty. 


Sex Steroids 


Sex steroid treatments may be administered to adolescents with con- 
stitutional delay of growth and development. Males with delayed 
puberty may be treated with testosterone enanthate or cypionate 
(50-100 mg/month intramuscularly or subcutaneously for 3-6 months; 
smaller doses given more frequently may be more physiologic and are 
preferred by some practitioners) to gradually bring about secondary 
sexual characteristics and accelerated linear growth. This is often grati- 
fying for males and is usually followed by spontaneous pubertal devel- 
opment. The low dose of testosterone is designed to avoid undue 
advancement of bone age and loss of growth potential. Oxandrolone 
is a testosterone derivative with fewer androgenic effects than testos- 
terone, and does not aromatize to estrogen, so theoretically it may be 
preferable to depo-testosterone injections. Several small studies report 
beneficial effects of oxandrolone in males with constitutional delay of 
growth and puberty. The usual dose is 2.5 mg daily for anywhere from 
3-12 months. Giving oxandrolone (in addition to GH therapy) to 
females with Turner syndrome leads to better height outcomes than 
GH alone, so this is frequently done at around age 8-10 in females who 
are still well short of a normal height. Females with Turner syndrome 
who started GH relatively early in life are less likely to require the addi- 
tion of oxandrolone. The usual dose is 0.03-0.05 mg/kg/day. Side 
effects at this dose are rare, but signs of virilization should prompt a 
reduction in dose. 

Estrogen—Just as males with constitutional delay are treated with 
androgens, females with pubertal delay and mild short stature may be 
treated with a short course of estrogen therapy. However, benign con- 
stitutional delay is less likely in females (who are more likely to have 
an underlying pathologic cause such as Turner syndrome) and such 
treatment is relatively rare. If it is contemplated, care should be taken 
to exclude other causes of pubertal delay and to use low doses of 
estrogens because estrogens promote epiphyseal closure. 


Counseling 


Reassurance and counseling should be available for all patients. For 
many children with familial short stature or constitutional delay in 
growth and development, it is reassuring to be told that they are 
normal and are likely to reach a normal adult height or 1 in keeping 
with the family heights. This is particularly true for children with 
delayed puberty, in whom the discrepancy in height in comparison 
with peers (who have gone through their pubertal growth spurts) is 
disconcerting. It is helpful if parents do not dwell on the child’s height 
but focus on the child’s strengths. Gymnastics, wrestling, soccer, and 
swimming are often activities at which short children are not at a 
disadvantage and in which they may excel. 


Growth Hormone Therapy 


There is a broad consensus for the use of GH therapy in children with 
short stature caused by classic GH deficiency, Turner syndrome, 
Noonan syndrome, SHOX haploinsufficiency, PWS, and chronic renal 
failure. Children who were born SGA and fail to catch up to the normal 
range of height by age 2 years (by 4 years of age in Europe) are also 
candidates for GH therapy. The U.S. FDA has approved GH for chil- 
dren with ISS, but this treatment remains controversial and the cost- 
benefit ratio remains uncertain. 

Side effects of GH therapy include fluid retention that is usually 
mild and tends to resolve with continued treatment. Mild headaches 
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are also common and are usually benign. Increased intracranial pres- 
sure (pseudotumor cerebri) is a rare but serious dose-related side 
effect. It usually resolves if treatment is stopped, and after resolution, 
treatment can frequently be restarted at a lower dose. The incidence of 
slipped capital femoral epiphyses is increased and scoliosis may be 
worsened during GH therapy, likely secondary to accelerated growth. 
GH-neutralizing antibodies may appear but are rarely of clinical sig- 
nificance. GH can accelerate the growth of existing nevi and can induce 
insulin resistance but this does not appear to be clinically significant. 

Because of its growth-promoting effects, there has long been 
concern about a possible increase in the incidence of cancer. No sig- 
nificant increase in common childhood cancers has been noted yet in 
surveillance studies, but (somewhat unexpectedly) in 1 French study 
(the Safety and Appropriateness of Growth hormone treatments in 
Europe [SAGhE] study), the group treated with GH had a standardized 
mortality ratio (SMR) of 1.33 (95% CI, 1.08-1.64) compared to con- 
trols. Cardiovascular disease was responsible for most of the excess 
mortality. Although all-type cancer-related mortality was not increased 
in the French cohort, bone tumor—related mortality was increased. 
There were weaknesses in the design of this study and a smaller study 
from Belgium, the Netherlands, and Sweden did not show the same 
results, but the study did raise concerns about long-term safety. More 
long-term follow-up data are being collected to determine the true 
long-term safety profile of GH. Until more information becomes avail- 
able, most authorities do not recommend any changes in current prac- 
tice, but this may change if ongoing studies reveal new hazards. It 
should be kept in mind that GH therapy on a large scale did not begin 
until 1985, so even the earliest treated subjects are not very old at this 
time; impact on the risk of cancer or heart disease in the elderly (if 
any) may not be detectable in various study cohorts at this time. 


$ Other Treatments 


Recombinant human IGF-1 is indicated for the treatment of extremely 
short children with primary IGF-1 deficiency (both height and IGF-1 
>3 SD below the mean for age) caused by severe GH insensitivity (e.g., 
Laron syndrome and IGF-1 gene defects). Availability may be an issue. 
Possible side effects include hypoglycemia, increased intracranial pres- 
sure, and adenotonsillar hypertrophy. 


Short stature may be a variant of normal development or may indicate 
a serious underlying problem (Tables 43.8 and 43.9). When short 
stature is associated with a slow growth velocity, progressive deviation 
from the child’s previous growth channel, obesity, headache, vomiting, 
dysmorphic features, or a goiter, or if short height is inconsistent with 


TABLE 43.8 Red Flags in the Evaluation of 
Short Stature 


Height >2-2.5 standard deviations below the mean for age 
Subnormal growth velocity 

Abnormal body proportions 

Abnormal height:weight ratio 

Dysmorphic features 

Goiter 


Abnormal central nervous system and ophthalmologic examinations 


TABLE 43.9 Conditions Not to Miss 


Hypoglycemia in a child with no 
risk factors for hypoglycemia 

Hypoglycemia, jaundice, and 
microphallus in a newborn boy 

Obesity in a child who is short 


shortness in a child with a goiter 

shortness in a child with 
headache, vomiting, or visual 
disturbance 


Consider hypopituitarism in the 
differential 


Rule out growth hormone deficiency 


Rule out hypothyroidism, growth 
hormone deficiency, Cushing 
syndrome, Prader—Willl syndrome, 
Laurence- Moon-Bied! syndrome 


Rule out hypothyroidism 


Rule out hypopituitarism secondary to 
a central nervous system lesion, 
including craniopharyngioma or 
hydrocephalus 
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the family history, a search for an underlying medical disorder should 
be undertaken. Understanding how to measure a child accurately, per- 
forming simple proportion measurements, and calculating growth 
velocity are skills that all pediatricians must have in order to diagnose 
short stature and identify associated disease states and syndromes. 
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Hypoglycemia, although rare in children beyond the newborn period, 
is an acute, life-threatening medical emergency that may result in 
seizures, permanent brain damage, or even sudden death. In addition, 
hypoglycemia may be due to a serious underlying disorder. Various 
pathologic mechanisms, such as abnormal hormone secretion, meta- 
bolic defects, and drugs or toxins, have been attributed as causes of 
hypoglycemia. Therefore, to evaluate hypoglycemia either in a child or 
newborn, a comprehensive strategy for diagnosis and treatment is 
crucial. An important underlying cause of hypoglycemic disorders is a 
disruption in the normal response of the metabolic and endocrine 
systems during the transition from fed to fasted state. Hypoglycemia 
results from an imbalance in glucose homeostasis, either excessive 
glucose removal from the circulation or deficient glucose delivery into 
the circulation, or both. Obtaining plasma and urine specimens to 
evaluate the critical levels of various hormones and metabolic products 
at the time of hypoglycemia are essential for diagnosis and should 
be drawn immediately before treatment begins. However, treatment 
should never be delayed if there is uncertainty as to what critical labs 
are required. Obtaining a “red top” and “green top” blood collection 
tube will allow for most all studies to be run. 


DEFINITION OF HYPOGLYCEMIA 


The precise definition of hypoglycemia, one applicable to all age 
groups, is controversial. Historically, a working definition for signifi- 
cant hypoglycemia was initially developed based on the clinical mani- 
festations of low blood sugars in neonates. 

Attempts have been made to define hypoglycemia by using opera- 
tional thresholds or a clinical approach. An operational threshold is 
based on the glucose in plasma or whole blood that prompts the inter- 
vention and is defined as blood glucose <40 mg/dL (plasma glucose 
levels <45 mg/dL); the clinical approach defines the blood glucose 
concentration threshold at which clinical signs and symptoms appear 
(and disappear by correcting the low glucose concentration). The wide 
range of blood glucose concentrations at which clinically overt signs 
may appear has led to uncertainty in definition. 

Regardless of the wide fluctuations in glucose levels (between fed 
and fasting states), plasma blood glucose is normally maintained 
within a very narrow range of 70-100 mg/dL. A plasma glucose value 
below 40 mg/dL is commonly taken as the clinical definition of hypo- 
glycemia. However, subtle signs and symptoms of neuroglycopenia can 
be documented at plasma glucose levels below 70 mg/dL and are more 
apparent at glucose levels below 60 or 50 mg/dL. For provocative tests, 
such as fasting studies, a glucose level of 50 mg/dL can be taken as 
sufficiently low for judging fuel and hormonal responsiveness. The 
response to a given level of plasma glucose can vary, depending on the 
underlying disorder. Patients with glucose-6-phosphatase deficiency 
(type 1 glycogen storage disease) may appear asymptomatic at glucose 
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levels below 40 mg/dL because they have concomitant elevations of 
plasma lactate (and ketones), which can partially spare the glucose 
utilization by the brain. On the other hand, children with defects in 
fatty acid oxidation can become very ill at plasma glucose levels as high 
as 60 mg/dL because they have no alternative fuels (ketones) to glucose 
as a substrate for the brain, heart, and skeletal muscle. 

When comparing reported glucose values, the clinician must rec- 
ognize some technical factors. Unless a free-flow blood sample is 
obtained from the infant with minimal pain, the glucose values are 
likely to be unreliable. Second, whole blood glucose values are slightly 
lower than those of plasma because of the dilution by the fluid in the 
red blood cells. Finally, hematocrit also influences the blood glucose 
concentration. This is particularly important in newborns, whose 
hematocrit values are higher than older infants and children. A high 
hematocrit level results in lower blood glucose concentration; the 
opposite is true for low hematocrit values. 

It was once common practice to accept lower standards for glucose 
levels in newborns because of the high frequency of low plasma glucose 
levels on the day of birth. It should be stressed that these lower values 
represent a purely “statistical” definition of normal; there is no evi- 
dence that the neonatal brain has less need for glucose than do the 
brains of older children or adults. Specific maturational delays in 
several of the fasting systems (metabolic, endocrine) adequately 
explain why neonates have such a high risk of hypoglycemia during 
the first 12-24 hours after delivery. The use of different glucose stan- 
dards for newborns should be discouraged, and the same treatment 
goals for hypoglycemia should be applied to newborns and older chil- 
dren: that is, to maintain plasma glucose levels above 60 mg/dL. 


REGULATION OF BLOOD GLUCOSE 
CONCENTRATION 


The brain is solely dependent upon glucose as a primary source 
of energy. However, during the period of starvation it can also use 
ketones an alternative (but not sole) source for energy production. 
Glucose is derived either from the intestinal absorption of dietary 
carbohydrates (exogenous source) or endogenous production (glyco- 
genolysis or gluconeogenesis). Within 2-3 hours after a meal, glucose 
absorption from the intestine ceases, and the liver becomes the 
major source of glucose for the brain and other tissues. The liver 
produces glucose through a combination of glycogenolysis and glu- 
coneogenesis (Fig. 44.1). Gluconeogenesis provides approximately 
25% of hepatic glucose production in the early phases of fasting; 
the rate of gluconeogenesis is determined largely by rates of pro- 
teolysis and remains constant throughout fasting. Hepatic glyco- 
genolysis provides the majority of glucose production early in a 
fast, but by 12 hours, liver glycogen stores become depleted. The 
body must then begin to depend on release of fatty acids by lipolysis 
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FIGURE 44.1 Metabolic systems of fasting adaptation. 
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esis, glycogenolysis, and ketogenesis. Key enzyme steps are in boldface. Enzyme steps in gluconeogenesis: 
pyruvate carboxylase, phosphoenolpyruvate (PEP) carboxykinase, fructose-1,6-bisphosphatase (F-1,6-Pase), 
glucose-6-phosphatase (G-6-Pase), and the plasma membrane glucose transporter 2 (GLUT2). Enzyme steps 
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phosphorylase, and glycogen debrancher enzyme. Steps in ketogenesis include a series of enzyme steps in 
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cycle, enzymes of electron transport, and enzymes of 


ketone synthesis (38-hydroxy-3-methylglutaryl-coen- 


zyme A [HMG-CoA] synthase and HMG-CoA lyase). P, phosphate; TCA, tricarboxylic acid. 


from stores of fat in adipose tissue. Most tissues can oxidize free 
fatty acids directly and thus minimize their use of glucose. The 
major exception is the brain, which is unable to directly oxidize 
free fatty acids, because they cannot cross the blood-brain barrier. 
Partial oxidation of free fatty acids in the liver produces ketones 
(8-hydroxybutyrate and acetoacetate), which are readily oxidized by 
the brain, thus sparing cerebral glucose consumption. 


Metabolic systems and hormones normally prevent hypoglycemia 
during fasting (Tables 44.1 and 44.2). The integration of these systems 
is demonstrated by the changes in plasma concentrations of the major 
fuels and hormones during the course of fasting (Fig. 44.2). Plasma 
glucose concentrations gradually decline over the course of the fast as 
liver glycogen reserves are depleted. In infants and young children, with 
their larger ratio of brain to body mass, glucose levels fall faster than 


in older children and adults and may reach 50 mg/dL by 24-30 hours 
of fasting. Plasma levels of lactate, a representative gluconeogenic pre- 
cursor, decline during the course of fasting as hepatic gluconeogenesis 
is stimulated and protein turnover slows. Plasma free fatty acid levels 
begin to rise quickly after 12-20 hours of fasting in response to the fall 
in insulin concentrations as glucose levels decline. The increased avail- 
ability of fatty acids is accompanied by a 10- to 20-fold rise in plasma 


TABLE 44.1 Metabolic Systems and 


Hormones Regulating Blood Glucose 


Metabolic Systems 

Hepatic gluconeogenesis 

Hepatic glycogenolysis 

Adipose tissue lipolysis 

Fatty acid oxidation (liver and peripheral organs) and hepatic ketogenesis 


Hormonal Systems 
Insulin 
Counter-regulatory hormones 
Glucagon 
Cortisol 
Growth hormone 
Epinephrine 


CHAPTER 44 Hypoglycemia 


ketone levels as hepatic oxidation of fatty acids is activated. Determin- 
ing the circulating levels of these fuels and hormones at the point of 
hypoglycemia provides the most important information for diagnos- 
ing the cause of hypoglycemia. 


CLINICAL MANIFESTATIONS 


A variety of signs and symptoms may occur in patients with hypo- 
glycemia (Table 44.3). They can be divided into 2 categories. Those in 
the Ist category result from activation of the autonomic nervous 
system and release of the counter-regulatory hormone epinephrine. 
Those in the 2nd category are secondary to inadequate delivery of 
glucose to the brain (neuroglycopenia). 


CAUSES OF TRANSIENT NEONATAL 
HYPOGLYCEMIA 


Hypoglycemia is a common problem in newborns. The majority of 
cases are transient, although the neonatal period is also the time when 
inherited disorders are most likely to manifest. The differential diag- 
nosis of hypoglycemia is extensive (‘Table 44.4). 


Normal Newborns 


As many as 30% of normal, full-term newborns and those of size 
appropriate for gestational age may be unable to maintain plasma 


TABLE 44.2 Hormonal Regulation of Fasting Metabolic Systems 


Hormone Hepatic Glycogenesis 
Inhibits Inhibits 


Stimulates — 


Insulin 
Glucagon 
Cortisol — Stimulates 
Growth hormone = = 
Stimulates 


Epinephrine stimulates 


Hepatic Glucogenesis 


Adipose Tissue Lipolysis Hepatic Ketogenesis 
Inhibits Inhibits 


Stimulates — 


Stimulates Stimulates 


From Sperling MA, ed. Pediatric Endocrinology. 2nd ed. Philadelphia: Elsevier; 2002. 
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FIGURE 44.2 Changes in plasma levels of key fuels during fasting in a normal child. Note that plasma 
glucose declines toward hypoglycemic values by 24 hours as hepatic glycogen reserves become depleted. 
Plasma levels of lactate, a representative gluconeogenic substrate, decline gradually during the fast as 
hepatic gluconeogenesis is activated. Late in fasting, levels of plasma free fatty acids (FFA) increase as 
lipolysis is stimulated, followed by a dramatic rise in B-hydroxybutyrate that reflects the increase in the rates 
of hepatic fatty acid oxidation and ketone synthesis. BOB, B-hydroxybutyrate. 


TABLE 44.3 Symptoms of Hypoglycemia 


Neurogenic Symptoms Due to Activation of 
Autonomic Nervous System* 
Sweating 

shakiness, trembling 

Tachycardia 

Anxiety, nervousness 

Weakness 

Hunger 

Nausea, vomiting 

Pallor 

Hypothermia 


Neuroglycopenic Symptoms Due to Decreased 
Cerebral Glucose Use 

Headache 

Visual disturbances 

Lethargy, lassitude 

Restlessness, irritability 

Difficulty with speech and thinking, inability to concentrate 
Mental confusion 

somnolence, stupor, prolonged sleep 
Loss of consciousness, coma 
Hypothermia 

Twitching, convulsions, “epilepsy” 
Bizarre neurologic signs 

Motor disturbances 

sensory disturbances 

Loss of intellectual ability 

Personality changes 

Bizarre behavior 

Outburst of temper 

Psychologic disintegration 

Manic behavior 

Depression 

Psychoses 

Permanent mental or neurologic damage 


*Some features may be attenuated by B adrenergic blocking agents 
From Langdon DR, Stanley CA, Sperling, MA. Hypoglycemia in the 
toddler and child. In: Sperling MA, ed. Pediatric Endocrinology. 4th 
ed. Philadelphia: Elsevier; 2014:922. 


glucose levels above 50 mg/dL if they fast during the 1st 6 hours after 
delivery. By the 2nd day of life, the frequency of plasma glucose con- 
centrations below 50 mg/dL decreases to less than 1%, which indicates 
a rapid maturation of fasting metabolic adaptation. The extremely 
poor fasting tolerance on the day of birth can be explained by lack 
of development of key enzymes in the pathways of both hepatic glu- 
coneogenesis and ketogenesis. Transcription of these genes is delayed 
until after delivery but becomes well activated by the end of the first 
24 hours. Glucagon and cortisol may be important for activation of 
enzymes involved in gluconeogenesis. Ingestion of long-chain fats 
(e.g., in colostrum) may be important for triggering transcription of 
the two enzymes of ketogenesis. Thus, on the day of birth, all newborns 
can be viewed as having impaired fasting adaptation. In the absence 
of other risk factors, hypoglycemia in the first day may necessitate 
only feeding and follow-up blood glucose determination to ensure 
that further workup is not necessary. Breast-fed babies are at special 
risk for hypoglycemia when there are problems initiating milk 
production. 
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Newborns Small for Gestational Age 
and Premature Infants 


Hypoglycemia is significantly more common in premature infants 
and those small for gestational age because of decreased stores of 
glycogen, fat, and protein. In addition, the enzymes necessary for 
gluconeogenesis may be less developed than in normal full-term 
infants. 


Infants of Diabetic Mothers 


Infants born to mothers with any type of diabetes, including ges- 
tational diabetes, are at risk for hypoglycemia because of oversecre- 
tion of insulin during the first few days after delivery. This transient 
neonatal hyperinsulinemia occurs because maternal hyperglycemia 
stimulates fetal insulin secretion and, after delivery, affected infants 
have difficulty in downregulating insulin secretion to adapt to the 
withdrawal of the hyperglycemia. Because of the growth-stimulating 
effects of insulin on the fetus, infants of diabetic mothers are often 
large for gestational age. Blood glucose levels should be monitored 
after birth until they stabilize in the normal range. Enteral feedings 
should be initiated as soon as possible to prevent fasting hypo- 
glycemia. Hypoglycemia should be treated with intravenous glucose; 
the problem should resolve promptly, within 1-2 days. Prolonged 
hyperinsulinism (HI) in infants of diabetic mothers should raise 
the suspicion of either a genetic form of HI or perinatal stress- 
induced HI. 


Perinatal Stress-Induced Hyperinsulinism 


Some infants with birth asphyxia or intrauterine growth restriction 
may have severe problems with hypoglycemia for prolonged periods, 
ranging from a few days to a few months after birth. This form of 
transient HI has not been well characterized, but it is probably not rare. 
The mechanism appears to be HI; oral diazoxide, which decreases 
insulin secretion, provides good control of hypoglycemia in these 
infants. 


Erythroblastosis Fetalis 


An association between hypoglycemia and erythroblastosis fetalis 
caused by Rh incompatibility occurs in infants who are anemic at birth 
(cord hemoglobin <10 g/dL). The low blood glucose levels in these 
infants have been attributed to high plasma insulin concentration. The 
cause of these high insulin levels remains undefined. The current pre- 
vention and management of Rh sensitization have markedly reduced 
the incidence of erythroblastosis and of fetal and neonatal anemia. 
Nonetheless, such infants require careful monitoring of plasma glucose 
concentration soon after birth. 


Intrapartum Maternal Glucose Administration 


Administration of excessive glucose quantities to the mother during 
labor results in maternal as well as fetal hyperglycemia. Increased 
fetal glucose concentration causes increased fetal insulin secretion 
and fetal HI. If the glucose has been administered to the mother 
immediately before the infant’s birth, the infant is born with high 
insulin levels. In addition, high fetal blood glucose and insulin 
levels may also cause an increase in fetal blood lactate concentra- 
tion and metabolic acidosis. These effects are more pronounced 
if the mother has received infusions of glucose for a prolonged 
time. An acute administration of large amounts of glucose-containing 
fluids to prevent hypotension in women receiving conduction 
anesthesia could result in acute fetal hyperglycemia, HI, and meta- 
bolic acidosis. This is a transient HI that leads to hypoglycemia 
in a fetus. 
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TABLE 44.4 Classification of Hypoglycemia in Infants and Children 


Neonatal Transitional (Adaptive) Hypoglycemia 


Associated with Inadequate Substrate or Immature Enzyme 
Function in Otherwise Normal Neonates 

Prematurity 

Small for gestational age 

Normal newborn 


Transient Neonatal Hyperinsulinism 
Infant of diabetic mother 

Small for gestational age 

Discordant twin 

Birth asphyxia 

Infant of toxemic mother 


Neonatal, Infantile, or Childhood Hyperinsulinemic 

Hypoglycemias 

Recessive Karp channel HI 

Recessive HADH (hydroxyl acyl-CoA dehydrogenase) mutation HI 

Recessive UCP2 (mitochondrial uncoupling protein 2) mutation HI 

Focal Karp channel HI 

Dominant Karp channel HI 

Atypical congenital hyperinsulinemia (no mutations in ABCC8 or KCNJ11 genes) 

Dominant glucokinase HI 

Dominant glutamate dehydrogenase HI (hyperinsulinism/hyperammonemia 
syndrome) 

Dominant mutations in HNF-4A and HNF-7A (hepatic nuclear factors 40. and 
1a) HI with monogenic diabetes of youth later in life 

Dominant mutation in SLC16A11 (the pyruvate transporter) —exercise-Induced 
hypoglycemia 

Acquired islet adenoma 

Beckwith-Wiedemann syndrome 

Factitious disorder: insulin administration (Munchausen syndrome by proxy) 

Oral sulfonylurea drugs 

Congenital disorders of glycosylation 


Counter-Regulatory Hormone Deficiency 
Panhypopituitarism 

Isolated growth hormone deficiency 
Adrenocorticotropic hormone deficiency 

Addison disease 

Epinephrine deficiency 


Glycogenolysis and Gluconeogenesis Disorders 
Glucose-6-phosphatase deficiency (GSD 1a) 
Glucose-6-phosphate translocase deficiency (GSD 1b) 
Amylo-1,6-glucosidase (debranching enzyme) deficiency (GSD 3) 
Liver phosphorylase deficiency (GSD 6) 

Phosphorylase kinase deficiency (GSD 9) 

Glycogen synthetase deficiency (GSD 0) 
Fructose-1,6-diphosphatase deficiency 

Pyruvate carboxylase deficiency 

Galactosemia 

Hereditary fructose intolerance 


Lipolysis Disorders 

Fatty Acid Oxidation Disorders 

Carnitine transporter deficiency (primary carnitine deficiency) 
Carnitine palmitoyltransferase-1 deficiency 

Carnitine translocase deficiency 

Carnitine palmitoyltransferase-2 deficiency 

secondary carnitine deficiencies 

Very-long-, long-, medium-chain acyl-CoA dehydrogenase deficiency 


Other Etiologies 
Substrate-Limited 

Ketotic hypoglycemia 
Poisoning—drugs 

salicylates 

Alcohol 

Oral hypoglycemic agents 
Insulin 

Propranolol 

Pentamidine 

Quinine 

Disopyramide 

Ackee fruit (unripe}—hypoglycin 
Vacor (rat poison) 
Trimethoprim-sulfamethoxazole (with renal failure) 


Liver Disease 
Reye syndrome 
Hepatitis 
Cirrhosis 
Hepatoma 


Amino Acid and Organic Acid Disorders 
Maple syrup urine disease 

Propionic acidemia 

Methylmalonic acidemia 

Tyrosinosis 

Glutaric aciduria 

3-Hydroxy-3-methylglutaric aciduria 


Systemic Disorders 

Sepsis 

Carcinoma/sarcoma (secreting insulin-like growth factor II) 
Heart failure 

Malnutrition 

Malabsorption 

Anti-insulin receptor antibodies 

Anti-insulin antibodies 

Neonatal hyperviscosity 

Renal failure 

Diarrhea 

Burns 

shock 

Postsurgical 

Pseudohypoglycemia (leukocytosis, polycythemia) 
Excessive insulin therapy of insulin-dependent diabetes mellitus 
Factitious 

Nissen fundoplication (dumping syndrome) 

Falciparum malaria 


GSD, glycogen storage disease; HI, hyperinsulinemia; Karp, regulated potassium channel. 
From Sperling MA. Hypoglycemia. In: Kliegman RM, Stanton BF, St. Geme JW Ill, et al., eds. Nelson Textbook of Pediatrics. 20th ed. 
Philadelphia: Elsevier; 2016:776. 


Maternal Drug Therapy 


The various pharmacologic agents administered to the mother for the 
treatment of medical problems that can influence blood glucose levels 
in the newborn can be divided into 2 broad categories: 

1. Some drugs, including oral hypoglycemic agents, can directly affect 
blood glucose. Oral hypoglycemic agents, such as chlorpropamide 
and sulfonylureas, are administered by some physicians for the 
treatment of gestational diabetes. Because these drugs are easily 
transported across the placenta, the infant is born with a certain 
amount of drug present in the circulation. These drugs, particularly 
those with prolonged effects, may result in profound hypoglycemia 
that tends to persist until the drug is removed, either by its own 
clearance or by exchange transfusion. 

2. Some drugs are administered to the mother with indirect effects 
(the more common contributor to neonatal hypoglycemia). 
3-Sympathomimetic agents commonly used for the prevention and 
treatment of premature labor can result in maternal hyperglycemia 
by increasing hepatic glucose production and decreasing glucose 
utilization. Maternal hyperglycemia, in turn, can initiate fetal 
hyperglycemia and HI, which can cause hypoglycemia in the 
newborn. 


Beckwith-Wiedemann Syndrome 


The clinical features of infants born with Beckwith-Wiedemann syn- 
drome (BWS) consist of macroglossia, abdominal wall defects (ompha- 
locele, umbilical hernia), somatic gigantism, visceromegaly (liver, 
kidney, spleen), and hypoglycemia. Other possible features include ear 
anomalies, such as creases on the lobe; cardiac defects; renal abnor- 
malities; hemihypertrophy; and neonatal polycythemia. These infants 
are prone to intraabdominal malignancies, including Wilms tumor, 
hepatoblastoma, rhabdomyosarcoma, and neuroblastoma. Most cases 
of BWS are sporadic, although approximately 15% have autosomal 
dominant inheritance. BWS appears to be caused by abnormal genomic 
imprinting involving multiple genes at chromosome 11p15. 

Early recognition of hypoglycemia is extremely important for 
appropriate clinical management because there is an association in 
BWS between hypoglycemia and intellectual impairment. Any infant 
born with an omphalocele should be monitored for potential hypo- 
glycemia. Approximately 50% of newborns with BWS have hypo- 
glycemia; 80% of cases are mild and transient. The remaining 20% of 
cases are more prolonged and difficult to control. HI is the principal 
mechanism of the hypoglycemia. Hypertrophy and hyperplasia of the 
islet of Langerhans have been observed. Treatment depends on the 
severity of the hypoglycemia; it may include frequent feedings, intra- 
venous dextrose, medications such as diazoxide or octreotide, and, 
rarely in severe cases, partial pancreatectomy. If managed medically, 
the hypoglycemia eventually resolves over weeks to months of care. 


CAUSES OF PERSISTENT HYPOGLYCEMIA IN 
INFANTS AND CHILDREN 


Hyperinsulinism 


Congenital HI is the most common cause of persistent hypoglycemia 
in infants and children. Previously, this disorder was referred to as 
nesidioblastosis, leucine-sensitive hypoglycemia, or idiopathic hypo- 
glycemia of infancy. Most affected patients present during infancy; 
macrosomia may be present at birth as a result of high fetal insulin 
levels, which act as a growth factor in utero. Excessive insulin secretion 
during fasting suppresses all of the fasting systems, including hepatic 
glucose production, lipolysis, and ketogenesis. Hypoglycemia results 
from both increased glucose utilization and underproduction of 
glucose. Because lipolysis and ketosis are inhibited, levels of alternative 
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fuels remain low, which increases the risk of seizures and permanent 
brain injury. There are several genetic defects of pancreatic [B-cell 
insulin secretion in children with HI (Fig. 44.3 and Table 44.5; see also 
Table 44.4). 


Recessive KATP Channel Hyperinsulinism 


This is the most severe form of congenital HI. Affected infants are 
usually large for gestational age and present with symptoms of hypo- 
glycemia in the Ist days after birth. The hypoglycemia is often extremely 
severe, and treatment may require intravenous glucose infusions at 
20-30 mg/kg/min (4-6 times normal) to maintain plasma glucose in 
the normal range of 70-100 mg/dL. This disorder is caused by genetic 
defects of the B-cell plasma membrane adenosine triphosphate- 
dependent potassium (KATP) channel (Fig. 44.4). The channel is 
encoded by 2 adjacent genes located on chromosome 11p: ABCC8, 
which encodes the sulfonylurea receptor type 1 (SUR1) protein subunit 
and KCNJ11A, which encodes the potassium channel, inwardly rectify- 
ing, Kir6.2 subunit. Common founder mutations of ABCC8 have been 
identified in Ashkenazi Jews and in Finland, but most affected patients 
have 1 of a large number of “private” (rare and unique) mutations. 
Medical management with diazoxide or octreotide (which acts like 
somatostatin) may be tried (see Figs. 44.3 and 44.4) but is rarely effec- 
tive. Most infants require surgical near-total (98%) pancreatectomy to 
achieve control of hypoglycemia. Approximately 50% of infants with 
severe HI who require surgery have diffuse disease caused by these 
recessive KATP channel mutations; the remainder has focal lesions that 
are potentially curable by partial surgical resection. 


Focal KATP Channel Hyperinsulinism 


Approximately half the infants with severe neonatal-onset HI have 
focal lesions of the pancreas that are potentially curable by surgical 
resection. The molecular defect in these infants involves the same 
KATP channel genes as in recessive KATP channel HI through a 2-hit 
mechanism: loss of heterozygosity for the maternal chromosome 11p 
and expression of a paternally derived ABCC8 or KCNJ11A mutation. 
Histologically, the focal lesions usually appear as adenomatosis. The 
clinical features are identical to those of infants with recessive KATP 
channel HI, including diazoxide unresponsiveness and hypoglycemia 
that is extremely difficult to control. Methods to diagnose and localize 
focal pancreatic adenomatosis preoperatively include acute insulin 
response tests to secretagogues such as calcium and tolbutamide, selec- 
tive pancreatic arterial calcium stimulation of insulin release with 
pancreatic venous sampling, and positron emission tomography. 


Dominant KATP Channel Hyperinsulinism 


One family has been reported with HI caused by a dominantly 
expressed mutation of the ABCC8 gene, rather than the usual recessive 
disease described previously. 


Dominant Glutamate Dehydrogenase Hyperinsulinism 


Dominantly expressed gain-of-function mutations of glutamate dehy- 
drogenase have been identified in children with the unusual combina- 
tion of HI plus asymptomatic hyperammonemia (HI/HA). The 
majority of cases arise from de novo mutations, and only 20% are 
familial. Hypoglycemic symptoms often do not manifest in the neona- 
tal period, and the disorder may not be recognized until the affected 
patient is an adult. Birthweights of affected infants are normal. 

In addition to hypoglycemia, affected individuals have persistent 
but asymptomatic hyperammonemia in the range of 70-150 umol/L 
(see Fig. 44.3). The mutations affect the pathway of leucine-stimulated 
insulin secretion, and patients can have protein-sensitive hypoglycemia, 
as well as fasting hypoglycemia. Diazoxide is effective in controlling 
hypoglycemia. 
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FIGURE 44.3 Pathways of pancreatic B-cell insulin secretion. Increases in plasma concentrations of glucose 
lead to increased pancreatic B-cell glucose oxidation rates and elevations of intracellular adenosine triphos- 
phate (ATP). The increase in the ratio of ATP to adenosine diphosphate subsequently acts via the sulfonylurea 
receptor type 1 (SUR1) component of the ATP-sensitive potassium (KATP) channel to inhibit potassium efflux, 
resulting in membrane depolarization and activation of a voltage-gated calcium ion channel. The rise in intra- 
cellular calcium triggers the release of insulin from secretory granules into the plasma. Genes involved in 
congenital hyperinsulinism include glucokinase; glutamate dehydrogenase (GDH); SUR1; and the ion pore 
component of the KATP channel, Kir6.2. Note that leucine triggers B-cell insulin secretion by allosterically 
activating GDH to increase oxidation of glutamate, which subsequently leads to inhibition of the KATP 
channel. As shown in the inset of liver pathways of glutamate metabolism, in the hyperinsulinism/ 
hyperammonemia syndrome, overactivity of GDH leads to excessive ammonia production from glutamate 
and also decreases the availability of glutamate for synthesis of N-acetylglutamate, a required allosteric 
activator of the 1st step in ureagenesis. Note that SUR1 mediates both tolbutamide activation of insulin 
release and diazoxide inhibition of insulin release. Somatostatin inhibits insulin release at a more distal site 
in the pathway. ADP, adenosine diphosphate; CPS, carbamy! phosphate synthetase; GK, glucokinase; GTP, 
guanosine triphosphate; SUR, sulfonylurea receptor. 


Dominant Glucokinase Hyperinsulinism 


This extremely rare disorder causes mild fasting hypoglycemia as a 
result of a dominant gain-of-function mutation of islet glucokinase 
(see Fig. 44.3). Birthweights of affected infants are normal, and the age 
at onset of hypoglycemic symptoms ranges from infancy to adulthood. 
Diazoxide therapy has been effective in controlling plasma glucose 
levels. 


Insulinoma 


Acquired insulinomas are the most common form of HI in adults but 
are rare in childhood, especially in early infancy. These are usually 
isolated, benign tumors, but multiple adenomas may occur in associa- 
tion with the familial multiple endocrine neoplasia syndromes. In 
contrast to focal congenital HI, insulinomas may be detectable by 
imaging procedures such as computed tomography, magnetic reso- 
nance imaging, radioactive octreotide scans, or transduodenal ultraso- 
nography. Surgical resection is the treatment of choice. 


Insulin Reaction, Oral Hypoglycemic Agents, and 
Surreptitious Insulin Administration 

Insulin-induced hypoglycemia is a common occurrence in insulin- 
treated diabetic patients and may also occur in patients with type 2 
diabetes who are taking oral hypoglycemic agents, such as glyburide, 
that stimulate insulin secretion. Surreptitious insulin administration 
should always be included in the differential diagnosis of unexplained 


hypoglycemia and, in young children, may occur as part of factitious 
disorder by proxy (Munchausen syndrome by proxy). Exogenous 
human or animal insulin use can be demonstrated by assays showing 
elevated plasma insulin values with simultaneous suppression of 
plasma C peptide (use of insulin lispro may not be detectable with 
some insulin immunoassays). 


Counter-Regulatory Hormone Deficiencies 
Hypopituitarism 

Hypopituitarism with isolated deficiency of growth hormone, and par- 
ticularly with deficiencies of both growth hormone and adrenocorti- 
cotropin hormone, predisposes to fasting hypoglycemia. In affected 
older infants, hypoglycemia may occur after 10-14 hours of fasting. 
Newborns with hypopituitarism sometimes present with much more 
severe hypoglycemia, which can closely mimic the KATP channel 
form of congenital HI, including increased glucose requirements of 
10-20 mg/kg/min and an inappropriate glycemic response to glucagon 
when patients are hypoglycemic. Liver disease resembling progressive 
cholestatic jaundice may occur in these newborns and does not resolve 
until replacement therapy is begun for the deficient hormones. Hypo- 
tonia and, in affected boys, a small phallus may also be present. 

A number of syndromes, such as midline craniofacial defects, 
septo-optic dysplasia, and Russell-Silver dwarfism, may be associated 
with hypopituitarism. Infant boys characteristically have microphallus, 
which is a useful diagnostic sign. 
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Hypoglycemia 


Obtain critical sample & glucagon stim 
testing with BG < 50 mg/dL 
2 mL/kg D10% IV bolus » continuous 
infusion of dextrose 


Send genetic testing| |(+) Glucagon 


response 


Initiate therapy for HI: 
diazoxide 10-15 mg/kg/day 


(—) Diazoxide 
response 


GDH, GCK, 
HNF4A, dom 


KATP (+) Diazoxide 


response 


Focal or 
diffuse KATP 
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Evaluate critical sample 
& start appropriate 
therapy: 

e hormonal replacement 


(J Glucagon a nn 


response 


e frequent feedings & 
cornstarch (GSD) 

e avoidance of fasting & 
starting IVF during 
illness (FAO defects) 


Diffuse 


| 


98% pancreatectomy 


FIGURE 44.4 Diagnostic and treatment approach in cases of hyperinsulinism. BG, blood glucose; D, dex- 
trose; dom, dominant; FAO, fatty acid oxidation; GCK, glucokinase; GDH, glutamate dehydrogenase; GSD, 
glycogen storage disease; HNF4A, hepatic nuclear factor 4-alpha; IV, intravenous; IVF, intravenous fluids; 
KATP, adenosine triphosphate-dependent potassium channel. (From De León DD, Thornton PS, Stanley CA, 
et al. Hypoglycemia in the newborn infant. In: Sperling MA, ed. Pediatric Endocrinology. 4th ed. Philadelphia: 


Elsevier; 2014:171, Fig. 6.8.) 


isolated Cortisol Deficiency 


Fasting hypoglycemia may occur in infants and children with 
adrenal insufficiency of various causes, including adrenocorticotro- 
pin hormone deficiency and primary adrenal insufficiency (Addison 
disease), or as a consequence of adrenal suppression resulting from 
exogenous glucocorticoid administration. Hypoglycemia is uncom- 
mon in the presentation of newborns with congenital adrenal hyper- 
plasia, but once glucocorticoid replacement treatment is begun, these 
children are also at risk for adrenal crises and hypoglycemia if not 
given supplemental doses during intercurrent illness. 


Epinephrine Deficiency 

Catecholamine deficiency is extremely rare and has been described as 
secondary to adrenal hemorrhage in infants small for gestational age. 
These patients may present for the 1st time during childhood with 
hypoglycemia during fasting. The diagnosis is confirmed by measure- 
ment of plasma or urinary catecholamine levels. Some affected chil- 
dren may show evidence, on abdominal films, of previous adrenal 
hemorrhage in the form of adrenal calcification. 

Fasting hypoglycemia has been observed occasionally in children 
treated with B-blocking agents, such as propranolol. The mechanism 
appears to be suppression of lipolysis as a result of the interference 
with epinephrine stimulation of adipose tissue; this suppression 
impairs the 3rd stage of fasting adaptation. Hypoglycemia may 
occur after 12 or more hours of fasting. Hypoglycemic attacks may be 
associated with acute hypertension as a result of the unopposed 
a-adrenergic effects of epinephrine. 


Metabolic Enzyme Defects 
Hepatic Gluconeogenesis 
The genetic metabolic defects in hepatic gluconeogenesis lead to 
fasting hypoglycemia associated with increased plasma concentrations 
of gluconeogenic precursors, such as lactate and alanine. 
Glucose-6-phosphatase deficiency (Glycogen storage disease type 
la and type 1b). This is the most common form of the glycogen 
storage disorders, although (see Fig. 44.1) deficiency of glucose-6- 
phosphatase is actually a gluconeogenic defect as it blocks the release 
of glucose from both gluconeogenesis and glycogenolysis. Hypo- 
glycemia occurs within 2-3 hours after a meal, as soon as intestinal 
carbohydrate absorption is complete. Affected infants usually do not 
present with symptomatic hypoglycemia, because the associated eleva- 
tions of lactate provide an alternative fuel for the brain when the 
glucose level is low. Instead, the manifestation is usually growth failure 
late in the 1st year. The liver is massively enlarged as a result of fat and 
glycogen deposition and extends into the left upper quadrant and 
down into the pelvis. Associated abnormalities include elevations of 
plasma triglyceride (up to 2000-4000 mg/dL) and hyperuricemia. 
Treatment is aimed at correcting the frequent cycling into fasting that 
leads to growth failure by a combination of high-carbohydrate meals 
together with either uncooked cornstarch or continuous intragastric 
dextrose infusions. Carbohydrates that cannot be converted to glucose, 
such as galactose in milk, fructose in fruits, and sucrose, should be 
limited. The type 1b variant is caused by deficiency of the microsomal 
glucose-6-phosphate translocase and is associated with the additional 
problem of neutropenia, leading to mouth ulcers and skin infections. 


Treatment with granulocyte colony-stimulating factor has been benefi- 
cial in these patients. 

Glucose transporter 2 deficiency (Fanconi-Bickel syndrome). 
A small number of infants have been described with a combination of 
hepatomegaly, increased liver glycogen store, renal Fanconi syndrome, 
and galactose intolerance. This recessively inherited disorder is caused 
by pathogenic variants in the gene SLC2A2, which encodes glucose 
transporter 2 (GLUT2), a plasma membrane glucose transporter, which 
is expressed in liver, kidney, and pancreatic B cells. GLUT2 is necessary 
to export free glucose from the cytosol into the plasma (see Fig. 44.1). 
Deficiency of GLUT2 interferes with glucose release from the liver not 
only from glycogenolysis but also from gluconeogenesis and from other 
sugars, such as galactose and fructose. 

Fructose-1,6-diphosphatase deficiency. This defect blocks gluco- 
neogenesis immediately above the triose-phosphates (see Fig. 44.1). 
Affected children present in the Ist year or the neonatal period with 
life-threatening attacks of hypoglycemia and lactic acidemia provoked 
by fasting stress. Moderate fatty hepatomegaly is commonly seen 
together with hyperuricemia. Fructose ingestion can precipitate hypo- 
glycemia and lactic acidemia. During controlled fasting, plasma glucose 
can be maintained in the normal range until 8-12 hours, because 
glycogenolysis remains normal. Treatment with avoidance of pro- 
longed fasting and restriction of fructose-containing foods and glyc- 
erol is effective in avoiding hypoglycemia. 

Pyruvate carboxylase deficiency. Pyruvate carboxylase is 1 of the 
4 key gluconeogenic enzymes (see Fig. 44.1). It also plays an important 
role in pyruvate oxidation because it generates oxaloacetate needed to 
maintain tricarboxylic acid (TCA) cycle activity. The clinical features 
are often dominated by the defect in pyruvate oxidation and include 
those of Leigh syndrome and congenital lactic acidemia. However, 
affected infants are also susceptible to the development of symptom- 
atic hypoglycemia after 8-10 hours of fasting. 


Hepatic Glycogenolysis 

Defects in hepatic glycogenolysis are associated with abbreviated 
fasting tolerance, leading to hypoglycemia and hyperketonemia. 
Defects can occur in either the synthesis or breakdown of hepatic 
glycogen (see Fig. 44.1). Debrancher enzyme deficiency is the most 
severe of these defects. 

Debrancher enzyme deficiency (type 3 glycogen storage 
disease). Children with this disorder usually present in the 1st year of 
life with growth delay and massive hepatomegaly. Symptomatic hypo- 
glycemia is not common, because plasma ketone levels are usually 
elevated and provide the brain with alternative substrate when the 
glucose level is low. Hypoglycemia develops quickly, often within 3-6 
hours after a meal. Treatment with uncooked cornstarch to prolong 
glucose absorption is useful in preventing hypoglycemia and improv- 
ing growth. Problems caused by hypoglycemia are ameliorated later in 
childhood as body mass increases. However, half or more of patients 
with debrancher enzyme deficiency are at risk for developing progres- 
sive muscle weakness and/or cardiomyopathy by the 2nd and 3rd 
decades of life. 

Phosphorylase/phosphorylase kinase deficiency. The manifesta- 
tions of either of these 2 enzyme defects clinically resemble a very mild 
form of debrancher enzyme deficiency. Affected infants present with 
enlarged livers, often in association with impaired growth. Symptom- 
atic hypoglycemia is unusual. Fasting tests show a pattern of acceler- 
ated starvation with early onset of hyperketonemia. Treatment to 
reduce fasting intervals to less than 4-6 hours (e.g., with uncooked 
cornstarch) is helpful in correcting the failure to thrive. As in de- 
brancher enzyme deficiency, the fasting disturbance becomes less ap- 
parent as body mass increases, and the hepatomegaly and growth delay 
may totally resolve by the end of the 1st decade. Liver phosphorylase 
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deficiency is recessively inherited; both recessive inheritance and X- 
linked inheritance have been reported for phosphorylase kinase 
deficiency. 

Glycogen synthase deficiency. A small number of patients with 
deficiency of glycogen synthase have been reported. They have pre- 
sented with episodes of symptomatic, hyperketotic hypoglycemia after 
fasts of 10-12 hours. Mild hepatomegaly may be present as a result of 
the increased deposition of triglycerides that is common in all of 
the glycogenoses. Treatment with uncooked cornstarch at bedtime 
may be helpful in avoiding symptomatic episodes of early morning 
hypoglycemia. 


Fatty Acid Oxidation Disorders 


Genetic defects in fatty acid oxidation interfere with the ketotic phase 
of fasting adaptation. The most common of the disorders is medium- 
chain acyl-coenzyme A (CoA) dehydrogenase (MCAD) deficiency. 
Children with MCAD deficiency present with acute attacks of life- 
threatening coma and hypoketotic hypoglycemia that are usually pre- 
cipitated by fasting stresses of 12 hours or longer. Attacks are triggered 
by intercurrent illnesses that impair feeding, especially gastroenteritis. 
The clinical features mimic Reye syndrome, with coma, elevated liver 
transaminase levels, and mild hepatomegaly with steatosis. More severe 
forms of fatty acid oxidation disorders also involve skeletal and cardiac 
muscle and may manifest with cardiomyopathy and chronic muscle 
weakness or acute episodes of rhabdomyolysis. More than 12 different 
defects in the pathway of fatty acid oxidation have been identified; all 
are recessively inherited. Many states have neonatal screening pro- 
grams in which dual tandem mass spectrometry of blood spot acyl- 
carnitine profiles are used to detect MCAD deficiency and several of 
the other fatty acid oxidation disorders. This is important for presymp- 
tomatic detection and treatment, because the mortality rate at the 1st 
presentation may be higher than 25%. 


Other Metabolic Causes of Hypoglycemia 


Glucose transporter 1 deficiency. Isolated hypoglycorrhachia (low 
cerebrospinal fluid glucose level) in association with normal concen- 
trations of plasma glucose has been demonstrated in a number of 
infants with intractable seizures in early infancy caused by a deficiency 
of glucose transporter 1 (GLUT1). GLUT1 is the plasma membrane 
carrier protein responsible for glucose transport across the blood- 
brain barrier, as well as into red blood cells. Affected patients are 
heterozygous for a GLUT1 mutation and have persistently low levels 
of spinal fluid glucose, ranging from 20-30 mg/dL. Seizures may begin 
in the neonatal period and respond poorly to treatment with antisei- 
zure drugs. Progressive brain damage, microcephaly, and developmen- 
tal delay occur in untreated patients. Several patients have been 
reported to respond very well to treatment with a ketogenic diet, which 
restricts carbohydrates and keeps plasma levels of ketones elevated to 
3-6 mEq/L. 

Hereditary fructose intolerance. Hereditary fructose intolerance 
is caused by a recessively inherited deficiency of hepatic fructose- 
aldolase, which transforms fructose-1-phosphate to the triose- 
phosphates. Affected patients cannot metabolize dietary fructose or 
sucrose (table sugar) in the liver or intestinal mucosa for conversion 
to glucose. Chronic fructose intake in young infants may cause liver 
dysfunction, acidemia, failure to thrive, hyperuricemia, and, ultimately, 
liver failure. In affected older children, ingestion of fructose causes 
severe abdominal pain, and these children may learn by experience to 
avoid fructose and thus escape identification. Fasting tolerance is 
normal, but ingestion of large amounts of fructose may provoke post- 
prandial hypoglycemia by tying up intracellular phosphate and thus 
blocking glycogenolysis. Treatment is avoidance of dietary sources of 
fructose. 


Galactosemia (galactose-1-phosphate uridyl transferase defi- 
ciency). This is a serious inborn error of metabolism wherein many 
of the long-term consequences of the metabolic defect can potentially 
be prevented by early intervention. For this reason, all infants born in 
the United States are screened for galactosemia in the neonatal period. 
Absence of galactose-1-phosphate uridyl transferase prevents the con- 
version of galactose to glucose and results in accumulation of galactose- 
1-phosphate in the liver and other tissues. It has been suggested that 
accumulation of this metabolite inhibits the enzyme involved in the 
conversion of glucose-1-phosphate to glucose-6-phosphate and thus 
decreases the production of glucose from glycogen, thereby producing 
hypoglycemia. Depending on the magnitude of the defect, affected 
infants may present in the immediate neonatal period or later in 
infancy. The patients do not tolerate galactose or lactose. Intolerance 
to lactose in milk, the major nutrient containing galactose, is evident 
soon after birth when feedings are initiated. The infant may present 
with vomiting, failure to thrive, hepatomegaly, and indirect or direct 
hyperbilirubinemia. In severe or untreated cases, lenticular opacities, 
aminoaciduria, and intellectual disability may occur. In untreated 
patients, progressive hepatomegaly, cirrhosis, and hepatic failure may 
develop. Affected infants are at increased risk for Escherichia coli sepsis. 

Any infant with persistent jaundice, hepatomegaly, and failure to 
thrive should be tested for galactosemia. A presumptive diagnosis can 
be made by the presence of reducing sugar (Clinitest positive) that is 
not glucose (i.e., the glucose enzyme test result is negative) in the urine. 
This test should be performed while the infant is being fed a galactose- 
containing formula. The diagnosis should be confirmed by measuring 
the enzyme activity in the red blood cells. 

Treatment consists of elimination of galactose from the diet. In 
spite of treatment, which results in prevention of hepatic disease and 
of intellectual disability, many affected older children demonstrate 
learning and behavior problems. 


Reactive Hypoglycemia 


Reactive or postprandial hypoglycemia is extremely rare in the pediat- 
ric age range and, even in adults, may be overdiagnosed. Only 2 situa- 
tions in infants and children present with reactive hypoglycemia: 
Glutamate dehydrogenase-hyperinsulinism, hyperinsulinism/ 
hyperammonemia syndrome. Affected children have fasting hypo- 
glycemia, but because of their leucine sensitivity, may also develop 


Fuel Lactic Keto- 
responses acidosis acidosis 
G-6-Pase deficiency Normal child 
F-1,6-diPase deficiency | | Ketotic hypoglycemic 
Possible Pyruvate carboxylase GSD types 0,3,6,9 
disorders deficiency GH deficiency 


Normal neonates 


Hypoglycemia 
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symptomatic hypoglycemia within 30-90 minutes of eating a high- 
protein meal. 

Post—Nissen fundoplication hypoglycemia (late dumping syn- 
drome). Similar to patients who have had gastric surgery, infants who 
have undergone Nissen fundoplication procedures for gastroesopha- 
geal reflux can develop recurrent attacks of postprandial hypoglycemia. 
The hypoglycemia may be severe enough to produce seizures and 
permanent brain damage. The mechanism is thought to involve rapid 
gastric emptying that leads to a rapid rise in plasma glucose accompa- 
nied by a delayed but excessive insulin response, which is followed by 
a precipitous fall in plasma glucose to hypoglycemic levels 30-90 
minutes after a meal. 

Hereditary fructose intolerance. Patients with this disorder 
develop acute abdominal discomfort and hypoglycemia within a short 
period of time after an oral load of fructose (e.g., fruit, fruit juice, or 
sucrose). 


DIAGNOSIS OF HYPOGLYCEMIA 
Critical Samples 


Tests on the specimens of blood and urine obtained at the time of 
hypoglycemia provide the key information for diagnosis (Table 44.6 
and Fig. 44.5). Ideally, these specimens are collected during hypo- 
glycemia, immediately before treatment is begun. It is best to collect 
some extra tubes of plasma and urine just before giving intravenous 
dextrose, to set aside for later decisions about which other tests to 
order. Tests should include plasma glucose measurement, various met- 
abolic precursors and hormones involved in glucose counter-regulation, 
including glucose, bicarbonate, insulin, growth hormone, cortisol, 
lactate, pyruvate, ammonia, B-hydroxybutyrate, free fatty acid, carni- 
tine, acylcarnitine profile, and a urine sample for organic acid analysis 
and ketones. Additional tests to consider include transaminases, uric 
acid, triglycerides, and creatinine kinase levels. Fig. 44.5 shows a para- 
digm for diagnosis of different hypoglycemic disorders that is based 
on analysis of the critical samples. 


Fasting Study 


In some cases, a formal fasting test is advised to establish the etiology 
of hypoglycemia. This should only be done in a well controlled setting 
with adequate monitoring by experienced medical and nursing staff. 


No acidosis 


High FFA Low FFA 
Low ketones Low ketones 


Fatty acid Hyperinsulinism 
Panhypopituitarism 
SGA, birth asphyxia 


oxidation disorders 
Normal neonates 


Cortisol deficiency 


FIGURE 44.5 Algorithm for diagnosis of hypoglycemia, based on fasting fuel responses. F-1,6-diPase, 
tructose-1,6-diphosphatase; FFA, free fatty acid; G-6-Pase, glucose-6-phosphatase; GH, growth hormone; 
GSD, glycogen storage disease; SGA, small for gestational age. 
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Fasting is usually begun at 8 p.m. after bedtime snack or sometimes in 
the morning, especially in younger patients, to make sure that there is 
enough supervision and staff available during the time hypoglycemia 
occurs. 


Useful “Casual Specimen” Tests 


Only a few tests are informative except at times of hypoglycemia. These 
include plasma acyl-carnitine profiles and plasma total and free carni- 
tine levels (for suspected fatty acid oxidation defects) and plasma 
ammonia (for the HI/HA syndrome). 


Glucagon Stimulation 


If HI is suspected, a glucagon stimulation test at the onset of hypo- 
glycemia (50 mg/dL) may be confirmatory. A glycemic response 
exceeding 30 mg/dL is consistent with HI, because the normal response 
would be to have depleted liver glycogen reserves well before reaching 
hypoglycemia. 


Acute Insulin Response Tests for Hyperinsulinism 


B-Cell responsiveness to different secretagogues (calcium, leucine, 
glucose, tolbutamide) can be used to define specific genetic forms of HI 
and to distinguish focal from diffuse pancreatic disease preoperatively. 


Plasma Acyl-Carnitine Profile 


Dual tandem mass spectrometry methods have been developed for 
analyzing plasma acyl-carnitine profiles and other metabolites in small 
samples, such as filter paper blood spots. These assays are useful for 
screening for most of the genetic fatty acid oxidation disorders (e.g., 
MCAD deficiency) and should be performed before patients suspected 
to have such a defect begin a formal fasting test. Many states incor- 
porate these methods for neonatal screening of up to 30 different 
inborn errors of metabolism. Some fatty acid oxidation defects do 
not cause abnormal acyl-carnitine profiles; examples include carnitine 
palmityl-transferase 1 deficiency, carnitine transporter deficiency, and 
B-hydroxy-B-methylglutaryl-CoA dehydrogenase deficiency. These 
disorders must be investigated with additional in vivo and in vitro tests. 


Urinary Organic Acid Quantitation 


Assays of urinary metabolites by gas chromatography—mass spectrom- 
etry are also useful in identifying specific defects in fatty acid oxidation. 
Abnormalities are most pronounced during activation of lipolysis, 
such as at the end of a diagnostic fasting test or in the “critical sample” 
urine collected at the time of an acute illness. 


Cultured Cells 


For in vitro diagnosis of fatty acid oxidation defects, cultured cells from 
patients, such as skin fibroblasts or lymphoblasts, may be useful for 
testing overall pathway activity, for assaying activities of candidate 
enzymes, or as a source of DNA for mutation analysis. Most enzymes 
in the pathway are expressed in cultured cells, with the exception of 
3-hydroxy-3-methylglutaryl-CoA synthase, which is restricted to liver, 
intestine, and kidney. 


Mutation Analysis 


Mutation identification is useful for confirmation of diagnosis and 
genetic counseling. In a limited number of disorders, common muta- 
tions that can be easily screened for as a primary diagnostic test have 
been identified. These include MCAD deficiency, glucose- 6-phosphatase 
deficiency, and hyperinsulinemia due to ATP-binding cassette trans- 
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porter 8 (ABCC8), ATP sensitive inward rectifier potassium channel 
11 (KCNJ11A), mitochondrial glutamate dehydrogenase 1 (GLUD1), 
hepatic nuclear factor 4-alpha (HNF4A), glucokinase (GCK), mito- 
chondrial hydroxylacyl-coenzyme A (HADH), and mitochondrial 
uncoupling protein 2 (UCP2). Easy access to information about 
disease-associated mutations is available through the Online Mende- 
lian Inheritance in Man (OMIM) web site (http://www.ncbi.nlm.nih 
.gov/Omim/). 


TREATMENT OF HYPOGLYCEMIA 


The initial treatment of hypoglycemia is to promptly raise the plasma 
glucose level to normal and maintain it in the range of 80-100 mg/dL. 
For long-term management, the minimum goal of therapy is to keep 
the plasma glucose level above 60 mg/dL at all times. 

Whenever treatment begins in a patient with new-onset hypo- 
glycemia, every effort should be made to collect the critical samples for 
diagnosis. One extra tube of 5 mL of plasma or serum (green-top or 
red-top tube) is sufficient to measure key chemistry levels, fuels, and 
hormones. An extra tube of 10 mL or more of urine should also be 
collected for urinary organic acid quantitation. 

For emergency treatment of hypoglycemia, a bolus of dextrose, 
200 mg/kg, is given rapidly, and then a continuous infusion is begun 
to run at a rate equal to at least normal hepatic glucose output (about 
4-6 mg/kg/min). With 10% dextrose solutions, this means a bolus of 
2 mL/kg followed by continuous infusion at maintenance rates. Infants 
with HI may require considerably higher rates of dextrose infusion, up 
to 20-30 mg/kg/min. Infants with fatty acid oxidation disorders should 
receive sufficient dextrose to ensure that insulin secretion is stimulated 
enough to suppress lipolysis—that is, 10% dextrose at 8-10 mg/kg/ 
min—and to maintain all plasma glucose levels slightly above 100 mg/ 
dL. Glucagon may be used to treat hypoglycemia on an emergency 
basis, but only if the hypoglycemia is known to be caused by HI; a dose 
of 1 mg should be used at all ages to avoid undertreatment. 


Hypoglycemia has many manifestations and must be thought of as a 
cause of nonspecific signs in newborns. It is a readily treatable cause 
of lethargy, coma, and seizures. Other affected children have signs of 
catecholamine excess. Untreated symptomatic hypoglycemia is life- 
threatening and can produce significant, irreversible central nervous 
system injury. 

Red flags include metabolic acidosis (inborn errors of metabolism, 
sepsis); a positive family history (inborn errors of metabolism, hyper- 
insulinism, hypoglycemic agents); hypoketonuria (hyperinsulinemia, 
fatty acid oxidation defects) and high glucose infusion rates (hyperin- 
sulinism); onset during adolescence (drugs or alcohol); hepatomegaly 
(glycogen storage disease, other inborn errors of metabolism); feeding 
intolerance (galactosemia); or recurrent or a family history of emesis, 
lethargy, coma, or sudden infant death syndrome (medium-chain acyl 
dehydrogenase deficiency). 
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Urinary Incontinence and Polyuria 


Cynthia G. Pan 


Urinary incontinence is a normal developmental stage. When present 
beyond a certain age defined by parental and societal expectations, it 
can cause concern and anxiety in the patient and family. Urinary 
incontinence can also be a symptom of significant pathologic pro- 
cesses. The challenge to the clinician is identifying the child with an 
organic disorder among the many who are proceeding along a normal 
developmental track. 


VOIDING PHYSIOLOGY 


Urinary continence is dependent on normal bladder function and 
normal urine production. Normal development of bladder function 
results in the storage and release of urine in a socially and physically 
acceptable way. During storage, the detrusor muscle is relaxed, and the 
capacity of the bladder allows urine to be held for several hours. Mic- 
turition is then voluntary, with coordinated detrusor contraction and 
sphincter relaxation, resulting in complete bladder emptying. The 
bladder capacity in children learning to be toilet trained is variable, 
being dependent on their own sensation of bladder fullness. The 
maximum functional bladder capacity may differ greatly among 
children when measured by home diaries. Cystometry, a method of 
measuring bladder volume, can be estimated by the following 2 
formulas: 
In children <2 years of age: 


Cystometric bladder capacity (ounces) = (2 x age [years]) + 2 


In children =2 years of age: 


age (years) 
2 


Although the innervation of the bladder is predominantly auto- 
nomic, bladder function is under control of cortical function. Thus, a 
complex integration of visceral and somatic innervation is necessary 
for normal voiding, which perhaps explains the wide spectrum in the 
ages for urinary continence. Parasympathetic neural activity provides 
the primary input during micturition, leading to relaxation of the 
urethral smooth muscle and initiating detrusor contractions. Pelvic 
nerves conducting parasympathetic activity form a reflex arc with the 
centrally located pontine micturition center. The thoracolumbar sym- 
pathetic branch, via hypogastric and pelvic sympathetic nerves, inner- 
vates the detrusor to relax and the urinary sphincter to contract during 
urine storage. 

Urinary continence thus relies on the abilities to (1) store urine 
without leakage, (2) release urine voluntarily and completely, and (3) 
interrupt micturition voluntarily. The third ability is indicative of fully 
coordinated cortical-autonomic function. 
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Cystometric bladder capacity (ounces) = +6 


TOILET TRAINING 


The age at which toilet training is achieved is influenced by cultural 
factors as well as the individual temperament of the child. The achieve- 
ment of daytime urinary continence follows the attainment of bowel 
control. There is evidence that the age of daytime and nighttime con- 
tinence has increased worldwide in the past century. Data suggest a 
change in parental attitudes toward the toilet training process and their 
expectations. Temperament of the child and cognitive ability may play 
a less significant role. Among social factors, children of single parents 
are successfully toilet trained at an earlier age, whereas enrollment in 
daycare does not have a significant influence. Consistent findings are 
the predictive factors of gender and race: Girls are toilet trained earlier 
than boys, and African-American children are trained earlier than 
white children. Techniques for toilet training are varied and range from 
the child-oriented approach to single-day training intensive methods 
to the use of daytime wet alarms. 


URINE VOLUME AND SOLUTE DIURESIS 


Polyuria is the overproduction of urine. Polyuria is a symptom that is 
fixed and therefore occurs during both the daytime and the nighttime. 
“Nocturnal polyuria,” a symptom proposed in a subset of patients with 
primary nocturnal enuresis, is discussed separately. Overproduction of 
urine indicates a defect in 1 of several mechanisms regulating water 
and solute homeostasis. Identification of children with incontinence 
caused by polyuria is essential for diagnosing a variety of disorders 
(Table 45.1). 

Urine production varies depending on the intake of fluids and 
solute, activity, caloric expenditure, and the environment. The volume 
reflects the maintenance of normal fluid and electrolyte balance (1) 
through the regulation of plasma osmolality by vasopressin and 
through the thirst mechanism and (2) by the regulation of extracellular 
volume and solute (mainly sodium) homeostasis by the kidney. The 
sensation of thirst occurs when plasma osmolality rises above a thresh- 
old of 280-290 mOsm/L. Release of vasopressin, a peptide produced 
by the hypothalamus, parallels the sensation of thirst and then acts on 
receptors in the collecting ducts of the kidney to diminish water excre- 
tion and to concentrate the urine. Hypovolemia is also a stimulant for 
vasopressin. Once serum osmolality is restored to normal, vasopressin 
release is inhibited, and renal water excretion increases. Maintenance 
of extracellular fluid volume depends on sodium homeostasis and 
directly affects urine volume. It involves the interaction of several 
systems, including (1) the renin-angiotensin system, (2) atrial natri- 
uretic peptide, and (3) the sympathetic nervous system. 

Among patients with primary nocturnal enuresis, there is a subset 
of patients with “nocturnal polyuria,” in which larger volumes of more 
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(See Nelson Textbook of Pediatrics, p. 2584.) 


(See Nelson Textbook of Pediatrics, p. 2581.) 


TABLE 45.1 


With Polyuria 
Osmotic diuresis (urine osmolality > plasma osmolality) 
Diabetes mellitus 
Central diabetes insipidus 
Nephrogenic diabetes insipidus 
Primary 
X-linked (most common) 
Autosomal recessive 
Autosomal dominant 
secondary 
Obstructive uropathy: concurrent or postobstructive 
Polyuric phase of acute kidney injury 
Chronic renal failure 
Juvenile nephronophthisis 
Fanconi syndrome [e.g., cystinosis) 
Hypokalemia 
Hypercalcemia 
Bartter syndrome 
Gitelman syndrome 
sickle cell disease 
Renal tubular acidosis 
Medications (e.g., lithium) 
Interstitial nephritis 


Causes of Urinary Incontinence 


Without Polyuria 

Primary nocturnal enuresis 
Dysfunctional voiding syndromes 
Neuropathic bladder 

Anatomic defects of the urinary tract 


*Some cases may be characterized by nocturnal polyuria. 


dilute urine are produced than in patients who remain dry. Respon- 
siveness to the administration of vasopressin analogs, such as desmo- 
pressin acetate (1-deamino[8-p-arginine] vasopressin [DDAVP]), 
differentiates such patients into responders and nonresponders. 


$ History 


The history should begin with careful questioning to determine 
whether the patient has polyuria. The presence of polyuria suggests a 
variety of metabolic, systemic, and kidney diseases, whereas the absence 
of polyuria places the focus on the lower urinary tract (Table 45.2; see 
also Table 45.1). 


Polyuria 

Polyuria, the excessive production of urine, can result from the absence 
of release of antidiuretic hormone (ADH), the failure of the kidney to 
respond to ADH, or an osmotic diuresis. This can lead to urinary 
incontinence, especially in young children. Polyuria always results in 
polydipsia. It is often easier to query parents as to whether the volume 
of fluid intake by the child is excessive rather than to obtain an estimate 
of the volume of urine output. The 1st clue to polydipsia in infants is 
irritability and “hunger” after a successful feeding of formula or breast 
milk. In young children, favoring water over solids or milk, as well as 
seeking water in unusual places (e.g., toilets), can be a sign of polydip- 
sia. Waking to seek fluids at night in a consistent pattern is also a sign 
of polydipsia. Parental stories of bed linens being soaked despite a 
“double diaper” or training pull-on diaper, are remarkable, especially 
when recounted by experienced parents who are able to compare the 
child to other healthy siblings. 
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TABLE 45.2 Secondary and Acquired 
Forms of Nephrogenic Diabetes Insipidus- 
Like Disorders 


Acquired 

Chronic pyelonephritis 

Tubulointerstitial nephritis 

Chronic renal failure secondary to obstructive uropathy 
Drug-induced tubulopathy 


Congenital 

Renal tubular acidosis 

Nephrocalcinosis 

Cystinosis 

sickle cell nephropathy 

Juvenile nephronophthisis 

Renal dysplasia 

Cystic kidney disease 

Bartter syndrome 

Storage diseases (tyrosinemia, Fabry disease) 


An osmotic diuresis leading to polyuria may be an early sign of 
diabetes mellitus. The previously dry child may develop secondary 
nocturnal or even daytime enuresis. Associated symptoms include 
polydipsia and polyphagia with poor weight gain, and fatigue. Chil- 
dren with central diabetes insipidus (CDI) and the genetic forms of 
nephrogenic diabetes insipidus (NDI) produce very large amounts of 
hypotonic urine. Along with polyuria and enuresis, these children may 
have a history of frequent hospitalizations for dehydration, often pro- 
voked by relatively minor illnesses. The dehydration is often associated 
with moderate or severe hypernatremia. Failure to thrive may develop 
as a result of a preference of low calorie-containing fluids over solid 
foods. The secondary causes of NDI may include a partial defect in the 
mechanism for renal concentrating, and urinary incontinence may be 
the only symptom (see Table 45.2). Conversely, other children may also 
have growth retardation as a result of associated chronic renal failure 
or the associated metabolic abnormalities (e.g., metabolic acidosis in 
renal tubular acidosis [RTA] or rickets in Fanconi syndrome, metabolic 
alkalosis in Bartter syndrome). 


Voiding History 

In the presence of enuresis but the absence of polyuria, a voiding 
history helps to determine whether additional evaluation is warranted. 
Is the urinary incontinence nocturnal only, or is daytime incontinence 
also present? Does the patient have stool incontinence? Voiding fre- 
quency is sometimes difficult to ascertain in a school-age child, and an 
assignment to keep a diary of voiding can be given on the Ist visit. This 
should include information on both bladder and bowel habits, specifi- 
cally urine volumes and when urinary incontinence occurs. Urine 
holding patterns with overflow incontinence are most easily identifi- 
able with a diary. Incontinence can be a symptom of a urinary tract 
infection (UTI) (see Chapter 18). Associated symptoms may include 
dysuria, frequency, and urgency. Other urinary symptoms such as 
dysuria, urgency, dampness in the underwear, or other signs of UTI, 
can all be signs of dysfunctional elimination. Asking parents for spe- 
cific observations—such as (1) the sudden urge to void followed by 
incontinence or (2) maneuvers to prevent urine leakage, such as squat- 
ting and pressing the heel of the foot into the perineum—elicits clues 
to a hyperactive detrusor muscle. Incontinence may occur with gig- 
gling, with physical stress while jumping, or with activities that require 
Valsalva maneuvers. 
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(See Nelson Textbook of Pediatrics, p. 2645.) 


Secondary enuresis is defined as enuresis occurring after a dry 
period of at least 6 consecutive months and can be the Ist sign of an 
acquired renal or metabolic disease. Fecal soiling or constipation may 
be an accompanying sign of dysfunctional elimination, but it should 
first raise suspicion for an occult spinal lesion such as spina bifida or 
a tethered cord. In addition, continuous dribbling, a poor urinary 
stream, or recurrent infections may be a sign of anatomic or neuro- 
pathic lesions (see Table 45.2). 


Primary Nocturnal Enuresis 


The patient with nocturnal enuresis (bedwetting) is typically without 
any major daytime symptoms. Enuresis is considered primary when 
the patient has not had any dry periods for greater than 6 months. 
Toilet training for daytime control is often achieved easily. The fre- 
quency of wet nights should be ascertained to gauge the magnitude of 
the problem. A family history of nocturnal enuresis increases a patient's 
risk for nocturnal enuresis. If both parents have a history of enuresis, 
the rate of recurrence in offspring may be as high as 70-80%. If the 
father had primary nocturnal enuresis, the child has a fivefold to sev- 
enfold increase in risk. 


Behavioral Issues 


Social stressors should be ascertained because psychologic factors are 
important in the occurrence of secondary enuresis. Other psychiatric 
issues, such as attention-deficit/hyperactivity disorder, have been asso- 
ciated with a higher incidence of daytime and nighttime incontinence. 
It has been widely accepted, however, that primary nocturnal enuresis 
is not a psychiatric disorder and that affected children are often emo- 
tionally well adjusted. Nonetheless, care should be taken not to under- 
estimate the sequelae of enuresis in the older school-age child, who 
may feel “abnormal” among peers. Evaluation of the patient should 
always include inquiring how the patient and other family members 
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are reacting to the problem and how it may be interfering with social 
or school issues. 

Finally, primary nocturnal enuresis may be a sleep disorder or a 
disorder of arousal. Patients with severe nocturnal enuresis may have 
defects in arousal to auditory stimuli. Inquiry into symptoms of sleep 
apnea should also be made, such as snoring or restless sleep, as it may 
lead to altered arousal states leading to nocturnal enuresis in patients 
with sleep apnea (see Chapter 5). 


$ Physical Examination 


In all affected patients, their growth should be evaluated, because 
failure to thrive can be seen in many of the metabolic disorders that 
produce polyuria. The presence of hypertension suggests underlying 
renal or urologic abnormalities. Careful evaluation of the lower back 
may reveal cutaneous abnormalities such as hair tufts, pits, dimpling, 
or vascular malformations, which are possible signs of spina bifida 
occulta or tethered cord. A significant deviation of the gluteal cleft may 
also suggest the possibility of spinal dysraphism. The abdominal exam- 
ination is important for detecting a distended bladder, suprapubic 
tenderness, or significant stool retention. A neurologic examination 
should include assessment of lower extremity deep tendon reflexes, 
observation of the gait, and evaluation of perineal sensation and anal 
sphincter tone, again screening for the possibility of a neuropathic 
bladder. Anatomic abnormalities leading to incontinence should be 
sought by inspection of the genitalia. In girls, the examination includes 
a search for fused labial folds and dribbling urine from an ectopic 
ureter. In boys, the phallus should be inspected for the presence of 
epispadias or undescended testicles. 


® Diagnosis 
The presence or absence of polyuria helps guide the necessary labo- 
ratory and radiologic testing (Figs. 45.1 and 45.2). An immediate 
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FIGURE 45.1 Diagnosis of enuresis without polyuria. MRI, magnetic resonance imaging; U/A, urinalysis; 
U/S, ultrasonography; UTI, urinary tract infection; VCUG, voiding cystourethrogram; +, positive; —, negative. 
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Normal 


Urinary 
concentrating 
ability 


Severe defect 


Central diabetes insipidus Sickle cell nephropathy 
Nephrogenic diabetes insipidus | | Juvenile nephronophthisis 


Interstitial nephritis 


Medication 


Partial defect 


With Polyuria 


Labs: Electrolytes, Cat, blood glucose, serum creatinine 


Abnormal 


Metabolic 
disorders 


Renal 
disorders 
Diabetes mellitus || RTA 


Hypercalcemia Bartter syndrome 
Hypokalemia Cystinosis 
Chronic renal failure 
Polyuric phase of AKI 


FIGURE 45.2 Diagnosis of enuresis with polyuria. RTA, renal tubular acidosis; AKI, acute kidney injury. 


urinalysis is critical for differentiating the glycosuria of diabetes mel- 
litus from the low specific gravity (osmolality) of diabetes insipidus 
or the proteinuria and/or hematuria of chronic renal disease. 

A water deprivation test to examine urine concentrating capacity 
of patients when diabetes insipidus is suspected should be done in a 
hospital setting, with close observation of and attention to urine and 
serum osmolarity, urine output, and weight loss. In patients with sig- 
nificant polyuria, dehydration and hyperosmolarity are easily precipi- 
tated with several hours of water deprivation. For patients with a less 
suspect history of polyuria, a 1st morning void after an overnight fast 
should be sufficient for checking urine osmolarity or specific gravity. 

In some patients, the problem can be better defined with a home 
voiding diary, which outlines how often and how much they are 
voiding, and when urinary incontinence, constipation, or encopresis 
occurs. 


® Laboratory Assessment 


Routine laboratory examination in patients with monosymptomatic 
nocturnal enuresis includes a urinalysis and then is diagnosed by 
taking a good history and performing a complete physical examina- 
tion. In patients with diurnal enuresis or secondary enuresis or when 
polyuria or polydipsia is present, a screening urinalysis, followed by 
appropriate blood chemistry studies are important for confirming dia- 
betes mellitus or electrolyte disorders such as metabolic acidosis (RTA), 
metabolic alkalosis (Bartter syndrome), hypercalcemia, and hypokale- 
mia. Hypernatremia can be seen in the severe forms of diabetes insipi- 
dus. UTI should be sought in most patients with incontinence by 
obtaining a urinalysis and urine culture. A urinalysis also helps screen 
for occult, chronic glomerular or tubular renal disease. Hematuria or 
proteinuria can be a sign of renal disease, although its absence does 
not exclude this possibility. Glycosuria, when associated with normal 
serum glucose, can indicate tubulointerstitial disease, where proximal 
tubular injury results in a lowered threshold for glucose reabsorption 
(see Table 45.2). 


$ Imaging and Cystometry 


Radiologic imaging is not necessary in most patients with primary 
nocturnal enuresis. In select patients with secondary enuresis, daytime 
symptoms, or a suspect history or urinalysis, renal ultrasonography 
may provide information regarding acquired or congenital renal 


diseases. Images of the bladder can reveal urologic abnormalities, 
including poor bladder emptying or thickened bladder wall. A voiding 
cystourethrogram is indicated only in patients with a questionable 
urinary stream, continuous dribbling (aberrant ectopic ureter), or sus- 
pected spinal cord lesions with lower extremity neurologic signs. Mag- 
netic resonance imaging of the lower spine should be reserved for 
patients with cutaneous signs, neurologic or orthopedic symptoms of 
the lumbar-sacral spine, or complex spinal bone deformities seen on 
plain radiographs. All patients with central diabetes insipidus must 
undergo cerebral magnetic resonance imaging with specific focus on 
the hypothalamic-pituitary region. 

Cystometry examination is useful for a select group of patients with 
a history of dysfunctional voiding symptoms whose response to 
therapy is poor. Bladder instability is characterized by involuntary 
contractions at more than 15 cm of water pressure during filling. 
Small bladder capacity is almost always a functional problem, not 
anatomic. 


+ Differential Diagnosis 

Primary Nocturnal Enuresis 

Primary nocturnal enuresis (bedwetting) is considered abnormal in 
most social contexts after the age of 5 years. The majority of affected 
patients have no daytime symptoms. It is a common problem, but only 
a small proportion of patients actually seek medical advice. The preva- 
lence, when the condition is defined as a wet night more than once a 
month, is estimated at 10% among 6-year-olds, 5% among 10-year- 
olds, and 0.5-1.0% among teens and young adults. The spontaneous 
cure rate is approximately 15% per year. The incidence of pure primary 
nocturnal enuresis without other symptoms is twice as common 
among boys as among girls. The pathophysiologic mechanism is mul- 
tifactorial; explanations include defects in osmoregulation, small 
bladder capacity, and disorders of sleep or arousal states. 


Dysfunctional Voiding 


This occurs when there is an imbalance or lack of coordination of 
activity between the detrusor muscle activity (bladder contracture) 
and the bladder neck or external sphincter activity (bladder outlet 
control). This poor coordination can, over time, cause a wide spectrum 
of disorders, including incontinence. The severity depends on the 
balance of forces among the detrusor activity, bladder neck, and 


external sphincter. In the extreme case, high bladder pressures produce 
acquired urologic abnormalities, including hydronephrosis, vesicoure- 
teral reflux (VUR), and renal damage. Dysfunctional voiding is often 
classified as mild, moderate, or severe. Early recognition can lead to 
proper management and avoidance of long-term sequelae. 

Mild voiding dysfunction. Daytime urinary frequency is character- 
ized by frequency and urgency every 15-20 minutes. This is usually 
associated with incontinence or mild pain and occurs in children aged 
3-8 years. The condition is also usually self-limiting. A thorough 
history should be documented, a careful physical examination 
conducted, and urinalysis performed to rule out other pathologic 
processes. 

Giggle incontinence is most often seen in girls and is characterized 
by incontinence after laughter. It too is usually self-limiting. Stress 
incontinence follows athletic activities such as running or jumping and 
landing; it is common with activities such as gymnastics and cheerlead- 
ing. Timely bladder emptying before exercise is effective in preventing 
this problem. Postvoid dribbling can occur in young girls who develop 
habits of incomplete voiding or can result from urine that is collected 
in the vagina during voiding. Sitting with the knees slightly apart or 
sitting on the toilet facing backwards eliminates this problem. 

Moderate voiding dysfunction. There are 2 extremes in the spec- 
trum of moderate dysfunctional voiding. Over time, urine holding, as 
infrequent as once every 8-12 hours, results in incontinence as well as 
recurrent UTIs. This can be a consequence of behaviors developed 
when the young child is learning voluntary contraction of the external 
sphincter muscle while toilet training. It may also develop when a child 
goes to school or camp and does not want to use an unfamiliar or 
embarrassing toilet. The child learns additional maneuvers to void 
infrequently, such as squatting and pressing the heel of the foot in the 
perineum. Dysfunctional voiding may worsen over time when the child 
is unable to relax the external sphincter in coordination with detrusor 
activity during voiding. This results in incomplete and inefficient 
bladder emptying. 

The overactive bladder, or unstable bladder, is the most common 
abnormality. Low quantity, frequent voiding leading to incontinence 
is secondary to delayed resolution of uninhibited bladder contractions 
that normally resolve as the child matures. This asynchronous activity 
between detrusor muscle and sphincter contraction leads to higher 
intravesical pressures. Urgency and urge incontinence are the most 
common symptoms, but recurrent UTIs and VUR may result as well. 
Complications may include thickening, trabeculations, or diverticula 
of the bladder. High bladder pressure can also cause hydroureter and 
hydronephrosis. 

Severe dysfunctional voiding. This is often referred to as the “non- 
neurogenic neurogenic bladder,’ a syndrome representing the extreme 
end of the spectrum of dysfunctional voiding. Inappropriate voluntary 
contraction of the external sphincter during voiding produces high 
intravesical pressure and a functional outlet obstruction, leading to 
abnormal bladder function, hydronephrosis, and possibly renal failure. 
With time, the voiding pattern becomes habitual, and the anatomic 
changes in the bladder impede the ability to void normally. Biofeed- 
back and clean intermittent straight catheterization may restore 
bladder emptying and function and prevent renal failure. 


Neuropathic Bladder 


The neuropathic bladder most often occurs in patients with spina 
bifida, an open or closed congenital spinal cord fusion defect. This 
results in distortion of normal neural tissues in the spinal cord or nerve 
roots. The range of anomalies includes meningocele, lipomeningocele, 
primary tethered cord, dermoid cyst, syrinx, and sacral agenesis. 
Closed defects can be initially asymptomatic and manifest during toilet 
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training years with incontinence, recurrent UTIs, or orthopedic prob- 
lems in later childhood. Many children who present with symptoms 
have a cutaneous finding over the lumbosacral spine noted since birth. 
The severity of the symptoms does not seem to predict the severity of 
the bladder dysfunction or renal damage. Despite lesser neurologic 
deficits in closed spina bifida, affected patients have demonstrated 
bladder dysfunction as severe as that observed in open spina bifida. 
Acute spinal injury (trauma), compression (tumor), or infection 
(transverse myelitis) may produce similar bladder conditions such as 
acute urinary retention. 


Anatomic Defects 


Posterior urethral valves and urethral obstruction. This is the 
most common form of urinary obstruction leading to kidney failure 
in male infants and children. It is a result of persistence of fetal folds 
in the posterior urethra, which act as a valve to create urinary obstruc- 
tion. Poor urinary stream and bladder distention are the most common 
urinary complaints, but dribbling and incontinence are also observed. 
UTI can be the presenting problem, and, when it is diagnosed in young 
boys, especially infants, posterior urethral valves should always be 
sought. 

Prune-belly syndrome is another important cause of urethral 
obstruction. Early obstruction during embryogenesis leads to hydro- 
nephrosis, hydroureter, abdominal distention, abdominal musculature 
deficiency, and excessive skin folds, thus giving the wrinkly “prune” 
appearance of the abdomen in severe cases. A spectrum of renal dys- 
plasia can result. 

Renal duplication. This is a result of duplication of the ureteric 
bud during embryogenesis, causing a double collecting system, or 2 
ureters. Duplicated ureters can open separately inside the bladder, but 
in rare cases, an ectopic ureter can end in the vagina, urethra, or ves- 
tibule, leading to dribbling and incontinence. 

Vesicoureteral reflux. VUR is the retrograde flow of urine from 
the bladder into the ureters and kidney. Normal insertion of the ureter 
into the bladder submucosal wall forms a flap-valve mechanism that 
prevents urine backup during filling and contraction. Congenital VUR 
is secondary to shorter ureteric segments in the bladder wall. Urine 
flow mechanics are disrupted by the constant filling of the bladder with 
urine that has flowed backward and then returns to the emptied 
bladder. The inability to completely empty the bladder eliminates an 
important defense against UTIs. Secondary VUR can be associated 
with dysfunctional voiding. Dyssynergia between detrusor contraction 
and sphincter relaxation can result in VUR and recurrent UTIs. Ure- 
thral obstruction leading to high intravesical pressure also leads to 
VUR, poor bladder emptying, and thus UTIs and incontinence. 


Metabolic Disorders 


Hypercalcemia. This is an uncommon electrolyte disorder in chil- 
dren but can be observed in primary hyperparathyroidism, vitamin D 
intoxication, immobilization, Williams syndrome, malignancy, and 
idiopathic hypercalcemia of infancy. Polyuria is a symptom of hyper- 
calcemia and is a result of its inhibitory effect on Na', K*-ATPase 
function in renal tubules. This leads to renal sodium and water losses 
and thus to polyuria and volume contraction. In chronic hypercalce- 
mia, increased calcium excretion over time can lead to nephrocalcino- 
sis, tubular damage, and poor urinary concentrating ability, thus 
enhancing polyuria. 

Hypokalemia. This is another electrolyte disorder that induces 
polyuria. In children, it occurs clinically as a result of diuretic use, 
aldosterone excess states, Cushing syndrome, and intrinsic renal disor- 
ders that affect potassium handling. The latter includes disorders 
such as RTA, Bartter syndrome, or renal injury from nephrotoxic 
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medications. Hypokalemia interferes with water reabsorption in the 
collecting duct of the kidneys. 

Diabetes mellitus. Polyuria and urinary incontinence can be the 
lst symptoms of diabetes mellitus and are secondary to hyperglycemia 
and the osmotic diuresis resulting from chronic glycosuria. The renal 
threshold for reabsorption of glucose is exceeded when the blood 
glucose level is higher than approximately 180 mg/dL. If oral intake of 
fluid decreases, as occurs when diabetic ketoacidosis causes anorexia 
and emesis, significant dehydration and shock frequently develop. 


Central Diabetes Insipidus 


In CDI, the lack of circulating ADH prevents concentration of the 
urine, leading to high quantities of dilute urine. The defect can be 
complete or partial, and thus the degree of polyuria is variable. In 
complete CDI, the massive polyuria can lead to severe dehydration 
and hypernatremia. CDI can be secondary to intracranial surgery, 
head trauma, or tumor involving the nuclei of the hypothalamus 
(where ADH is produced) or the neurohypophysial axis itself. There 
is also an idiopathic form and familial forms of CDI. In the idiopathic 
form, infiltrative diseases such as Langerhans cell histiocytosis 
(Letterer-Siwe syndrome) should be sought. A significant proportion 
of young children initially diagnosed with idiopathic CDI have been 
found to have histiocytosis in subsequent years. Treatment is with 
ADH or its analogs. 


Renal Concentrating Defects 


Renal tubular acidosis. In distal (type 1) RTA, the most common 
form of RTA, there is a defect in the tubular secretion of hydrogen 
ions and decreased formation of NH," cations in the urine. In chil- 
dren, the presentation includes failure to thrive, polyuria, and poly- 
dipsia. Hypokalemia is a common finding and can be profound, 
leading to weakness. Hypercalciuria and low urine citrate excretion 
combine to produce nephrocalcinosis. The autosomal recessive form 
of the disease is frequently associated with hearing loss. There are 
also autosomal dominant forms of the disease. Distal RTA may be 
secondary to medications (e.g., amphotericin) or a variety of condi- 
tions, including interstitial nephritis, obstructive uropathy, nephro- 
calcinosis, renal transplantation, sickle cell disease, and systemic lupus 
erythematosus. 

Proximal RTA is less common and is a primary defect in bicarbon- 
ate reabsorption in the proximal tubule. When associated with other 
proximal tubular defects, such as salt wasting, phosphate wasting, gly- 
cosuria, and aminoaciduria, it is referred to as Fanconi syndrome. 
Manifesting in infancy to early adulthood, cystinosis is the most 
common cause of proximal RTA in children. This autosomal recessive 
disorder results from a defect in cystine transport and results in the 
lysosomal accumulation of cystine throughout the body. The infantile 
form usually manifests in the Ist year of life. Without intervention, 
this form results in end-stage renal failure. Acidosis, rickets, polyuria, 
and severe failure to thrive are hallmarks of the disease. Early interven- 
tion with oral cysteamine to bind cysteine has dramatically improved 
the outcome in affected patients. Proximal RTA is a feature of several 
other genetic disorders manifesting in childhood (such as galactose- 
mia, tyrosinemia, hereditary fructose intolerance, glycogen storage 
disease type I, Lowe syndrome, Wilson disease, osteopetrosis) or inges- 
tion of toxins (heavy metals, outdated tetracyclines, carbonic anhy- 
drase inhibitors). 

Sickle cell disease. Hemoglobin S is a genetic defect in hemoglo- 
bin A that results in red blood cells that deform under low oxygen 
tension (see Chapter 37). The renal medulla is a site with high osmolal- 
ity, low oxygen tension, and relative acidosis, all conditions that 
promote sickling. This results in occlusion of blood vessels and damage 


to the renal medulla, the primary site where the urine is concentrated. 
The resultant decreased ability to concentrate leads to a higher inci- 
dence of nocturnal enuresis in affected patients. 

Nephronophthisis. Juvenile nephronophthisis is an autosomal 
recessive disorder that leads to end-stage renal failure between preado- 
lescence and early adulthood. Patients have high urine output because 
of poor renal concentrating ability and renal salt wasting. Patients may 
have primary or secondary nocturnal enuresis. The salt wasting causes 
salt craving, and patients have a preference for salty foods or even eat 
salt directly from the saltshaker. A small percentage of these patients 
have retinitis pigmentosa, which may cause blindness at birth or later 
in life. Patients may present with symptoms of chronic renal failure. 

Nephrogenic diabetes insipidus. The congenital form of NDI is 
often diagnosed before toilet training, but it can lead to urinary incon- 
tinence in later childhood. Infants may present with poor growth, 
severe dehydration, seizures, and central nervous system injury or 
death. In families in which the diagnosis has already been made, early 
intervention in infants can prevent these symptoms and lead to an 
excellent outcome. Most patients have the X-linked form of the disease, 
which is caused by a mutated ADH receptor. Female carriers may be 
mildly affected. The autosomal recessive and autosomal dominant 
forms of NDI are caused by mutations in aquaporin, the water channel 
that allows uptake of water in the collecting duct. 


® Treatment 

Primary Nocturnal Enuresis 

Establishing whether the primary nocturnal enuresis is the only 
symptom or whether there are associated symptoms such as diurnal 
incontinence, constipation, sleep disorders, or behavioral issues, such 
as attention-deficit/hyperactivity disorder, is necessary before a treat- 
ment strategy is developed. 

Many families simply want reassurance that there is not an organic 
explanation. It is also helpful to let the family and child know that 
almost all patients “outgrow” primary nocturnal enuresis. Positive 
reinforcement for dry nights, dispelling any negative attitudes, and 
avoiding blame enhance the child’s self-esteem. If treatment is sought, 
the enuresis alarm has a high success rate, but patient selection is 
important. These devices are designed to awaken patients when mic- 
turition begins and result in the development of increased bladder 
capacity. Its effect may not be seen for up to 12 weeks, and therefore 
the family and patient must be highly motivated. Older patients who 
are ready to take charge of the problem and who do not have difficulty 
waking are the best candidates. 

Pharmacologic therapy for primary nocturnal enuresis includes the 
use of DDAVP, an ADH analog. There is probably a subpopulation of 
patients with enuresis who have “nocturnal polyuria,’ which led to the 
drug’s popularity, but there is evidence that this is independent of 
vasopressin secretion. DDAVP is most effective in children with a posi- 
tive family history of primary nocturnal enuresis, with normal bladder 
capacity, and who are older than 7 years. Its safety profile has been 
excellent, but patients should be given careful instruction on restricting 
fluid intake after the bedtime dose. There are occasional reports of 
hyponatremic seizures in children who drink excessively while taking 
DDAVP. 

Patients with small bladder capacity and diurnal symptoms tend 
not to respond to DDAVP; these patients may benefit from anticholin- 
ergic therapy, such as oxybutynin. Combination therapy involving a 
bed alarm plus DDAVP or DDAVP plus anticholinergic therapy may 
be helpful in select patients. 

Imipramine, a tricyclic antidepressant, has been shown to be effec- 
tive, but its side effects and toxicity have limited its use for this benign 
condition. Patients with enuresis and other behavioral problems who 
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take selective serotonin reuptake inhibitors have reported improve- 
ment in the enuresis. This may be an appropriate option in this 
population. 


Dysfunctional Voiding 


Treatment of mild voiding dysfunction should begin with nonphar- 
macologic management. Children should be instructed to void on a 
regular schedule, typically every 1-2 hours, even if they do not feel the 
urge to void. This encourages voiding when the patient is relaxed and 
will lead to fewer contractions of the external sphincter during mictu- 
rition. Keeping a diary of the voiding schedule involves the child in 
management and makes him or her more aware of bladder habits. 
Aggressive management of constipation (see Chapter 16) improves 
good bladder emptying and decreases bladder instability. 

When incontinence continues despite nonpharmacologic methods, 
anticholinergic therapy should be added in the treatment of a child 
with an overactive or unstable bladder. Oxybutynin should be started 
at a low dosage and titrated to its maximum dosage if necessary. The 
minimum effective dosage should be used to minimize side effects. 

Patients with recurrent UTIs who develop urine-holding patterns 
that lead to overflow incontinence may benefit from a trial of antibiotic 
prophylaxis. This may keep the child free of infection and may prevent 
the painful urination that reinforces exaggerated external sphincter 
contraction and urine holding. 

Biofeedback is reserved for patients with moderate to severe dys- 
functional voiding. Patients can learn to increase bladder capacity and 
inhibit detrusor contractions through this method. 


Polyuria 
The treatment of polyuria depends on the cause. In certain disorders, 
such as diabetes mellitus, hypokalemia, or hypercalcemia, the underly- 
ing disorder can be corrected. The high urine output in central diabetes 
insipidus decreases markedly with the use of DDAVP. In contrast, there 
is no effective therapy for reducing urine output in patients with dis- 
orders such as juvenile nephronophthisis or obstructive uropathy. 
The hereditary forms of NDI cause massive polyuria. A combina- 
tion of sodium restriction and a thiazide diuretic can decrease this high 
urine output by producing a subtle volume depletion that results in 
less water being delivered to the collecting duct. The addition of a 
nonsteroidal antiinflammatory drug can, by reducing renal blood flow, 
further decrease urine output in patients with NDI. The use of indo- 
methacin also reduces the high urine output in Bartter syndrome. 
Despite therapy, patients with Bartter syndrome and NDI continue to 
have high urine output, and the family should be counseled that a delay 
in achieving nighttime continence is expected. 
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TABLE 45.3 Red Flags 


Polyuria 

Polydipsia 

Failure to thrive 

Poor urinary stream 

Encopresis 

secondary enuresis 

Abnormal gait, including toe walking 
Recurrent urinary tract infections 
Cutaneous lesions over lumbosacral spine 
Diminished lower extremity reflexes 
Abnormal genitalia 

Palpable bladder 

Hypertension 

Headache 

Visual disturbances 

Obstructive sleep apneas 


Neuropathic Bladder and Anatomic Disorders 


The treatment of these disorders depends on the specific defect. In 
patients with neuropathic bladders resulting from spina bifida, chronic 
intermittent catheterization of the bladder may be the only way to 
achieve continence. Uninhibited bladder contractions may necessitate 
anticholinergic therapy as an adjunct. 

Anatomic disorders such as posterior urethral valves or VUR may 
still necessitate medical therapy or biofeedback after corrective surgery. 
Urodynamic testing can be very helpful in this population to define 
the problem leading to incontinence. 


The majority of children with voiding problems do not have an organic 
problem. The work-up consists of a thorough history and physical 
examination. Red flags that indicate the need for diagnostic tests are 
shown in Table 45.3. 
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Acid—Base and Electrolyte Disturbances 


Sarah Vepraskas, Heather Toth, and Michael Weisgerber 


The presence of an acid—base or an electrolyte disorder may explain a 
patient’s symptoms or may lead to a specific diagnosis. 


ACID-BASE BALANCE 


Normal acid—base balance is maintained by the lungs and kidneys. 
Carbon dioxide, a by-product of normal metabolism, is a weak acid. 
The lungs are able to prevent an increase in the partial pressure of 
carbon dioxide (Pco;) in the blood by excreting the carbon dioxide 
(CO,) produced by the body. The pulmonary response to changes in 
the CO, concentration is fast, as it occurs via central sensing of the 
Pco,, and there is a subsequent increase or decrease in ventilation to 
maintain a normal Pco, (35-45 mm Hg). There is an inverse relation- 
ship between Pco, and ventilation because an increase in ventilation 
decreases the Pco,, and a decrease in ventilation increases the Pco,. 

The kidneys are responsible for excreting acid produced by the 
body. Sources of hydrogen ions include protein metabolism and 
incomplete metabolism of carbohydrates and fat; urine or stool losses 
of bicarbonate may contribute to acidemia. The hydrogen ions formed 
from endogenous acid production are neutralized by bicarbonate from 
the bicarbonate buffer system. The bicarbonate buffer system, based 
on the relationship between carbon dioxide and bicarbonate (HCO; ), 
is displayed by the following equation: 


CO, + H,O — H* +HCO,; 


This equation can help us understand how changes in CO, or 
HCO; affect the acid—base balance. 


ACID-BASE DISORDERS 


A pH <7.35 is defined as acidosis, and a pH >7.45 is defined as alkalosis. 
An acid-base disorder is respiratory in etiology when it is caused by 
a primary abnormality in respiratory function (a change in Paco,) and 
is metabolic when the primary change is due to a variation in bicar- 
bonate concentration. Acid—base disorders may also be mixed, which 
occurs when 2 or even 3 primary events act to alter the acid—base state 
at the same time. 

In metabolic disorders, extracellular buffers (bicarbonate) rapidly 
titrate the presence of strong acids or bases. Intracellular buffers chiefly 
accomplish the buffering of respiratory disorders. Secondary respira- 
tory compensation for metabolic acid—base disorders begins within 
minutes by changes in ventilation and is usually complete in 12-24 
hours. In contrast, secondary metabolic compensation for respiratory 
disorders occurs more slowly, beginning within hours but requiring 
2-5 days for completion. The kidneys increase net acid excretion in 
response to a primary respiratory acidosis; renal net acid excretion also 
increases during a metabolic acidosis if the kidneys themselves are not 


the cause of the metabolic acidosis. The expected compensation for 
primary acid—base disorders is shown in Table 46.1. These compensa- 
tory mechanisms never return the pH back to normal until the underlying 
disease process has subsided or has been effectively treated. 

When only 1 primary acid—base abnormality occurs and its com- 
pensatory mechanisms are activated, the disorder is classified as a 
simple acid—base disorder. When a combination of acid—base 
disturbances occurs, the disorder is classified as a mixed acid—base 
disorder. The latter should be suspected if the compensation in a 
given patient differs from the predicted values (see Table 46.1). 
Interpretation of data in infants and young children requires caution. 
Crying results in hyperventilation and can quickly change Pco, and 
consequently the pH. 


SYMPTOMS OF ACID-BASE DISORDERS 


History and clinical evaluation are the Ist steps in assessing a patient 
with an acid—base disorder. Although the signs and symptoms associ- 
ated with an acid—base abnormality can be nonspecific, there are 
certain clues that one can obtain from the signs and symptoms that 
can assist in the diagnosis of the acid—base disorder. Metabolic acidosis 
results in increased minute ventilation (manifesting as increased respi- 
ratory rate and/or effort) because of respiratory compensation. A 
patient may have tachypnea present with a metabolic acidosis from a 
diarrheal illness, metabolic disorder, ingestion, or infection. In more 
severe acidosis (pH <7.20), the respiratory pattern is characterized by 
deep and rapid breaths (Kussmaul respiration). Severe acidosis may 
also lead to hypotension, pulmonary edema, and asystole; its harmful 
effects are accentuated in the presence of hypoxia. Chronic metabolic 
acidosis leads to growth retardation and hypercalciuria with subse- 
quent bone disease because bone buffering of acid produces marked 
mineral losses. 

A child with metabolic alkalosis may be asymptomatic. In some 
cases, careful examination of the child may detect hypoventilation. 
One should consider metabolic alkalosis in a child who has been vom- 
iting or in a child who has had chronic diuretic use. Severe alkalosis 
(pH >7.55) can lead to tissue hypoxia, mental confusion, obtundation, 
muscular irritability, tetany, and an increased risk of seizures and 
cardiac arrhythmias. Some of these signs and symptoms are related to 
decreased concentration of serum ionized calcium as a result of its 
increased binding to protein in the presence of alkalosis. Acid—base 
disturbances can be assessed through laboratory analysis by obtaining 
a basic chemistry panel and/or a blood gas analysis. 


RENAL REGULATION OF ACID-BASE BALANCE 


The kidneys are the principal regulator of bicarbonate homeostasis. 
The renal regulation of HCO; can be divided into 2 processes: 
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TABLE 46.1 
Disorder 

4 [HC0; ] 
T [HC0; ] 


Metabolic acidosis 

Metabolic alkalosis 
Respiratory acidosis 
Acute (<12-24 hr) T Pro, 
Chronic (3-5 days) T Pro, 
Respiratory alkalosis 


Acute (<12 hr) j Peo, 
Chronic (1-2 days) T Peo, 


Primary Event 
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Degree of Initial Disturbance 
For every 10 mEq/L J in HCO. pH) by 0.15 J Peo, 
For every 10 mEq/L T in HCO;, pH T by 0.15 T Po, 
For every 10 mm Hg T in Pco,, pH 4 by 0.08 
T [HCO;] 
TT [HCO;] 
For every 10 mm Hg J in Pco,, pH T by 0.08 
1 [HCO; ] 
CRo] 


Compensation 


Changes in Pco,, HCO;-, and pH in Primary Acid-Base Disorders 


Degree of Compensation 
For 1 mEq/L 4 [HC0;], Pco; J 1-1.5 mm Hg 
For 1 mEg/L T [HCO;7], Pco; T 0.5-1 mm Hg 


For 10 mm Hg T Pco;, [HC0; ] T 1 mEq/L 
For 10 mm Hg T Pco,, [HC0; ] T 4 mEq/L 


For 10 mm Hg £ Pco,, [HC0; ] } 1-3 mEg/L 
For 10 mm Hg 4 Pco,, [HCO0; ] } 1-3 mEg/L 


*Normal serum [HCO;] is 24 mEq/L, and normal arterial partial pressure of carbon dioxide (PCO) is 40 mm Hg. 


L, decrease; JJ, greater decrease; T, increase; TT, greater increase. 


Modified from Brewer ED. Disorders of acid-base balance. Pediatr Clin North Am. 1990:37:429-447. 


Hyponatremia 


Hypovolemic 
(Sodium losses > water losses) 


Extrarenal losses 
Gastrointestinal 
Vomiting 
Diarrhea 
Drains/fistulas 
Sweating (cystic fibrosis) 
Third-space losses 
Pancreatitis 


Renal losses 
Prematurity 
Recovery phase of AKI 
Diuretics 
Osmotic diuresis 
Salt-wasting nephropathy 
Postobstructive diuresis 


Bicarbonaturia 
Renal tubular acidosis Burns 


Muscle trauma 
Peritonitis 
Effusions 


Metabolic alkalosis 
Adrenal insufficiency 
Pseudohypoaldosteronism 
Cerebral salt-wasting 

syndrome 


Una > 20 mEq/L 


Isotonic saline 


Una < 10 mEq/L 


Isotonic saline 


Excess ADH (SIADH) 
Reset osmostat 
Glucocorticoid 
deficiency 
Hypothyroidism 
Water intoxication 
IV therapy 
Tap water enema 
Psychogenic water- 
drinking 
Infants fed excessive 
Ascites water 


Una > 20 mEq/L 


Water restriction Salt and water restriction 


Euvolemic Hypervolemic 
(Modest ECF volume excess, no edema) (Water excess > sodium excess) 


Edema-forming states Renal failure 


Congestive heart failure Acute 
Cirrhosis 
Nephrotic syndrome 


Chronic 


Una < 10 mEq/L Una > 20 mEq/L 


Salt and water restriction 


FIGURE 46.1 Classification, Diagnosis and Treatment of Hyponatremic States. *In water intoxica- 
tion the urine sodium is often <20 mEq/L. ‘Urinary sodium is <10 mEq/L in acute renal failure secondary to 
glomerular disease. ADH, antidiuretic hormone; AKI, acute kidney injury; ECF, extracellular fluid; IV, intrave- 
nous; SIADH, syndrome of inappropriate antidiuretic hormone secretion. (Modified from Beri T, Schrier RW. 
Disorders of water metabolism. In: Schrier RW, ed. Renal and Electrolyte Disorders. Philadelphia: Lippincott- 


Raven; 1997.) 


reabsorption of HCO; and excretion of H'. The 1st role of the kidneys 
is to reabsorb the filtered HCO; so that this important extracellular 
buffer is not excreted in the urine. The 2nd role of the kidneys is 
to excrete H* that is produced from protein and phospholipid 
catabolism. 

Most (80-90%) of the filtered HCO; is reabsorbed in the proximal 
tubule (Fig. 46.1). Bicarbonate reabsorption at this site is increased by 
the contraction of the extracellular fluid (ECF) volume, activation of 
the renin-angiotensin system (mainly through the effect of angiotensin 
IT), elevated Pco,, and hypokalemia. Conversely, HCO; reabsorption 
is decreased when there is expansion of the ECF volume, inhibition of 


angiotensin II, a fall in Pco;, and an elevation of the parathyroid 
hormone level. 

The distal tubule and collecting duct regenerate bicarbonate via H* 
ion secretion into the tubular lumen by an H*-adenosine triphospha- 
tase (H*-ATPase) pump in the luminal membrane. This active secre- 
tion can generate an H* ion gradient of 1000: 1 between tubular fluid 
and cells, permitting the urine pH to fall to as low as 4.5. The active 
H' secretion is significantly influenced by the luminal electronegativity 
caused by active Na* reabsorption in the cortical collecting duct. Thus, 
in the cortical collecting duct, H* excretion is influenced by distal Na* 
delivery and reabsorption. In contrast, in the outer medullary portion 
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of the collecting duct, aldosterone stimulates the H' excretion inde- 
pendently of Na* delivery or reabsorption. Some of the H* secreted is 
consumed in reclaiming the small amount of HCO; that escaped 
reabsorption at proximal sites; the rest of the H” is excreted in the 
urine. The ability to excrete large amount of H' ions is dependent on 
the presence of buffers. The H' ions are buffered by phosphates and, 
to a lesser extent, by other nonreabsorbable anions. The other very 
important urinary buffer is ammonia (NH;), which combines with a 
secreted H* to generate an ammonium ion (NH,*). The proximal 
tubular cells generate ammonia through the metabolism of the amino 
acid glutamine. For every H' that is finally excreted, an HCO; is added 
to the ECF compartment. Metabolic acidosis by itself enhances NH," 
production and excretion. Ammonia genesis by proximal tubular cells 
is also stimulated by hypokalemia, whereas hyperkalemia inhibits 
ammonia genesis. The ability of the kidney to produce ammonia is 
markedly decreased in conditions such as chronic renal failure as a 
result of reduced renal mass and in some types of renal tubular acidosis 
(RTA). The ability to lower urine pH and increase net acid excretion 
may not be achieved until 4-6 weeks of age. 


METABOLIC ACIDOSIS 


A metabolic acidosis can result from addition of H' to the body, 
failure to excrete H', or loss of HCO;. The differential diagnosis of 
metabolic acidosis is simplified by classifying the causes into those 
associated with a normal anion gap (also known as a hyperchloremic 
metabolic acidosis) and those associated with an increased anion gap 
(Table 46.2). 

The anion gap is easily calculated: Na* — (Cl + HCO; ). The anion 
gap is normally 8-16 mEq/L. When a strong acid (e.g., lactic acid) is 
added to or produced in the body, hydrogen ions are neutralized by 
bicarbonate, HCO; is consumed by the H*, and the bicarbonate con- 
centration falls. The accompanying anion, such as lactate, is a new 
unmeasured anion, which increases the anion gap. The increase in the 
anion gap is usually proportional to the fall in serum (HCO; ). In 
contrast, when HCO; is lost from the body, no new anion is generated. 
In this situation, there is a reciprocal increase in the serum Cl to 
maintain electroneutrality. The anion gap does not change; the rise in 
(CI) is proportional to the fall in (HCO; ). 


Normal Anion Gap (Hyperchloremic) 

Metabolic Acidosis 

Renal Tubular Acidosis 

RTA is a group of disorders characterized by impairment of renal 
HCO; reabsorption and/or H' excretion in the presence of a relatively 
normal glomerular filtration rate (GFR). On the basis of the distinctive 
pathophysiologic features, 3 types of RTA—type I (distal or classic), 
type II (proximal or bicarbonate wasting), and type IV (hyperkalemic) 
are recognized (Table 46.3). 

Type I RTA is caused by the inability to secrete H' in the distal 
tubule, resulting in hypokalemic hyperchloremic metabolic acidosis. 
These patients have a tendency to develop nephrocalcinosis and neph- 
rolithiasis, which results from the excretion of large quantities of 
calcium, combined with an alkaline urine pH and hypocitraturia. In 
addition to the deficient H* secretion, these patients are unable to 
increase ammonia genesis. The patient’s urine pH remains alkaline 
(>5.5) despite extreme systemic metabolic acidosis. Type I RTA may 
occur as an isolated condition or may develop secondary to several 
diseases, medications, or toxins (Table 46.4). 

Type II RTA is caused by an impairment of HCO; reabsorption 
in the proximal tubule, resulting in hypokalemic hyperchloremic 
metabolic acidosis. Because the distal acidification mechanisms are 


TABLE 46.2 Causes of Metabolic Acidosis 


Normal Anion Gap 
Diarrhea 
Renal tubular acidosis (RTA): 
Distal (type |) RTA (OMIM 179800/602722/267300)* 
Proximal (type II) RTA (OMIM 604278)' 
Hyperkalemic (type IV) RTA (OMIM 201910/264350/177735/145260)' 
Urinary tract diversions 
Posthypocapnia 
Ammonium chloride intake 


Increased Anion Gap 


Lactic Acidosis 
Tissue hypoxia 
shock 
Hypoxemia 
severe anemia 
Liver failure 
Malignancy 
Intestinal bacterial overgrowth 
Inborn errors of metabolism 
Medications 
Nucleoside reverse transcriptase inhibitors 
Metformin 
Propofol 
Ketoacidosis 
Diabetic ketoacidosis 
Starvation ketoacidosis 
Alcoholic ketoacidosis 
Kidney failure 
Poisoning 
Ethylene glycol 
Methanol 
salicylate 
Toluene 
Paraldehyde 


* Along with these genetic disorders, distal RTA may be secondary to 
renal disease or medications. 

‘Most cases of proximal RTA are not caused by this primary genetic 
disorder. Proximal RTA is usually part of Fanconi syndrome, which 
has multiple etiologies. 

*Hyperkalemic RTA can be secondary to a genetic disorder (some of 
the more common are listed) or other etiologies. 

OMIM, database number from the Online Mendelian Inheritance in 
Man (http://www.ncbi.nim.nih.gov/omim). 

From Greenbaum LA. Electrolyte and acid-base disorders. In: 
Kliegman RM, Stanton BF, St Geme JW, et al., eds. Nelson Textbook 
of Pediatrics. 20th ed. Philadelphia: Elsevier; 2016:375. 


intact, these patients can lower the urine pH to less than 5.5 and can 
excrete adequate amounts of NH," when the serum HCO; is below 
the filtration threshold. As a result, their acidosis is usually less pro- 
found than that which occurs in distal RTA. In some patients, there 
may be an increase in urinary calcium excretion, but because citrate 
excretion is normal, nephrocalcinosis is uncommon. Type II RTA may 
rarely occur as an isolated defect, but it usually coexists with other 
defects in proximal tubule function. Fanconi syndrome is the com- 
bination of multiple defects in proximal tubule reabsorption and, in 
addition to type II RTA, includes excessive urinary losses of glucose, 
amino acids, phosphate, and uric acid. The excessive losses of 


TABLE 46.3 Differentiation of RTA Types 


Factor Type 1 Type 2 Type 4 


Serum K' Low Low High 

Stage 3, 4, or 5 
chronic kidney 
disease 


Normal or near 
normal 


Normal or 
near normal 


Renal function 


Urine pH during High Low 
acidosis 

serum HCO; 10-20 16-18 16-22 
(mmol/L) 

Urine Pco, (mmHg) <40 <40 >70 

Urine citrate Low High Low 


Low or high 


Fanconi syndrome No 


May be present No 


From Palmer BF. Metabolic acidosis. In: Johnson RJ, Feehally J, 
Floege J, eds. Comprehensive Clinical Nephrology. 5th ed. 
Philadelphia: Saunders; 2015:153. 


phosphate often cause hypophosphatemic rickets. There are many 
causes of type II RTA (see Table 46.4). 

Type IV RTA results from low circulating aldosterone concentra- 
tions, partial or complete end-organ resistance to aldosterone, or aldo- 
sterone antagonism. Because of the lack of aldosterone effect, there is 
decreased distal acidification and decreased distal sodium reabsorption 
with hyperkalemic hyperchloremic acidosis. The hyperkalemia seen in 
type IV RTA is the most characteristic feature and differentiates it from 
the other 2 types. 

The examination of a child with RTA may be normal. Poor skin 
turgor may be present from dehydration. Muscle weakness and muscle 
aches from hypokalemia may occur. Low back pain and bone pain 
may be present in patients with abnormalities of calcium metabolism 
(type II). All forms of RTA are associated with growth failure. 
Patients with Fanconi syndrome have severe rickets/osteomalacia and 
malnutrition. 

Laboratory work-up in all patients with RTA shows metabolic aci- 
dosis with hyperchloremia and a normal anion gap. The urine pH 
always exceeds 5.5 in type I RTA but can be less than 5.5 in type II and 
type IV RTA. 

Type I and II RTA are treated with oral sodium bicarbonate titrated 
to correct the acidosis. Potassium supplementation is needed in hypo- 
kalemic patients. Type IV RTA can be treated with furosemide to lower 
elevated potassium levels, along with sodium bicarbonate to correct 
significant acidosis. Fludrocortisone can be used to correct mineralo- 
corticoid deficiency. In patients with secondary proximal RTA, treat- 
ment should be aimed at the primary disorder. 

There needs to be frequent monitoring of potassium levels in type 
IV RTA. Because of the common occurrence of nephrocalcinosis and 
nephrolithiasis in type I RTA, renal ultrasound can be used to monitor 
these patients. A skeletal survey to look for bone disease should also 
be done, especially in cases of type II RTA. Patients with Fanconi syn- 
drome should be evaluated for cystinosis, the most common cause of 
Fanconi syndrome in children. Some patients with inherited distal RTA 
have sensorineural deafness; therefore, infants and children with estab- 
lished distal RTA need routine audiograms. 


Additional Causes of Renal Loss of Bicarbonate 

Carbonic anhydrase inhibitors such as acetazolamide inhibit the 
carbonic anhydrase present in the proximal tubule, thus preventing 
the reabsorption of HCO;. The net effect is similar to that of 
proximal RTA. 
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Potassium-sparing diuretics such as spironolactone or amiloride 
can impair H* secretion by the distal nephron by blocking Na‘ absorp- 
tion in this segment. 


Gastrointestinal Loss of Bicarbonate 


Diarrhea is the most common cause of non—anion gap hyperchloremic 
metabolic acidosis in children. The acidosis is secondary to loss of stool 
bicarbonate. The degree of dehydration should be assessed and appro- 
priate fluid resuscitation should be given, which should help correct 
the acidosis. If there is persistent acidosis, one should consider addi- 
tional etiologies such as worsening infection/sepsis, an inborn error of 
metabolism, or bacteria-associated methemoglobinemia, or produc- 
tion of D-lactate. 


Miscellaneous Causes of Hyperchloremic Acidosis 


Recovery from ketoacidosis. During recovery from diabetic keto- 
acidosis (DKA), many patients may eliminate the organic anions 
(through increased renal clearance and utilization) faster than their 
acidosis resolves. The clinical picture can resemble normal anion gap 
acidosis. Excessive fluids with isotonic chloride levels may contribute 
to this acidemia. 

Dilutional acidosis. The rapid expansion of ECF volume with 
fluids that do not contain HCO; leads to a dilution of HCO; and 
mild metabolic acidosis. In addition, the expansion of ECF volume by 
itself promotes urinary HCO; loss, possibly contributing to the dilu- 
tional acidosis. 

Parenteral alimentation. Amino acid infusions without concomi- 
tant administration of alkali (or alkali-generating precursors) may 
produce a normal anion gap acidosis in a manner similar to that of 
addition of HCL. 


Increased Anion Gap Acidosis 
Increased Acid Production 

Diabetic ketoacidosis. In DKA, the lack of insulin and excess of 
glucagon shunts free fatty acids into ketone body formation. The rate 
of formation of ketone bodies, principally B-hydroxybutyrate and ace- 
toacetate, exceeds the capacity for their peripheral utilization and renal 
excretion. Accumulation of ketoacids (both of which are relatively 
strong acids and dissociate rapidly into H' and the ketoacid anions) 
results in metabolic acidosis. Acetone is formed by nonenzymatic con- 
version of acetoacetate and is responsible for the fruity odor of the 
patient’s breath. 

Patients with DKA typically present with polyuria and polydipsia 
in addition to altered mental status (ranging from confusion and 
drowsiness, which can progress to obtundation and loss of conscious- 
ness), and deep, sighing respirations (Kussmaul respirations). Addi- 
tional clinical manifestations of DKA can be dehydration, nausea, 
vomiting, abdominal pain, and tachypnea. Laboratory analysis of a 
patient with DKA is significant for a severely increased anion gap 
metabolic acidosis with pH values that may be lower than 7.0. Initially, 
the increase in the anion gap is in proportion to the decrease in HCO; , 
but once the patients start recovering with successful management, the 
kidneys clear the ketoacid anions, and the increase in the anion gap 
becomes less than the fall in HCO;. The loss of ketoacid anions in 
urine increases the urinary losses of Na" and K* as the accompanying 
cations. 

The diagnosis of DKA is made by the combination of increased 
anion gap metabolic acidosis, hyperglycemia, and demonstration of 
serum (or urine) ketoacid anions. The therapy for DKA includes 
careful volume repletion, insulin, and correction of electrolyte distur- 
bances. Severe acidosis is reversible by fluid and insulin replacement. 
Insulin inhibits ketosis and allows ketoacids to be metabolized, which 
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TABLE 46.4 Common Causes of Renal Tubular Acidosis 


Proximal Renal Tubular Acidosis 
Primary 

Sporadic (common) 

Inherited 


Inherited renal disease (idiopathic Fanconi) 


Autosomal dominant 

Autosomal recessive 

X-linked (Dent disease) 

Inherited syndromes 

Cystinosis 

Tyrosinemia type 1 

Galactosemia 

Oculocerebral dystrophy (Lowe syndrome) 
Wilson disease 

Hereditary fructose intolerance 


Secondary 
Intrinsic renal disease 
e Autoimmune diseases (Sjögren syndrome) 
e Hypokalemic nephropathy 
e Renal transplant rejection 
Hematologic disease 
e Myeloma 
Drugs 
e Gentamicin 
Cisplatin 
e |fosfamide 
e Sodium valproate 
Heavy metals 
e Lead 
e Cadmium 
e Mercury 
Organic compounds 
e Toluene 
Nutritional 
e Kwashiorkor 
Hormonal 
e Primary hyperparathyroidism 


Distal Renal Tubular Acidosis 
Primary 
Sporadic 
Inherited 
Inherited renal diseases 
Autosomal dominant 
Autosomal recessive 


Secondary 

Intrinsic renal 
Interstitial nephritis 
Pyelonephritis 
Transplant rejection 
sickle cell nephropathy 
Lupus nephritis 
Nephrocalcinosis 
Medullary sponge kidney 

Urologic 
Obstructive uropathy 
Vesicoureteral reflux 
Hepatic 
Cirrhosis 

Toxins or medications 
Amphotericin B 
Lithium 
Toluene 
Cisplatin 


Hyperkalemic Renal Tubular Acidosis 
Primary 
Sporadic 
Genetic 
Hypoaldosteronism 
Addison disease 
Congenital adrenal hyperplasia 
Pseudohypoaldosteronism (type | or Il) 


Secondary 
Urologic 
e Obstructive uropathy 
Intrinsic renal 
e Pyelonephritis 
e Interstitial nephritis 
systemic 
e Diabetes mellitus 
e Sickle cell nephropathy 
Drugs 
e Trimethoprim/sulfamethoxazole 
e Angiotensin-converting enzyme inhibitors 
e Cyclosporine 
e Prolonged heparinization 
Addison disease 


Autosomal recessive with early-onset hearing loss 

Autosomal recessive with later-onset hearing loss 

Inherited syndromes associated with type | renal tubular acidosis 
Marfan syndrome 

Wilson syndrome 

Ehlers—Danlos syndrome 

Familial hypercalciuria 


From Sreedharan S, Avner ED. Renal tubular acidosis. In: Kliegman RM, Stanton BF, St Geme JW, et al., eds. Nelson Textbook of Pediatrics. 
20th ed. Philadelphia: Elsevier; 2016:2530. 


generates bicarbonate. Treatment of hypovolemia improves tissue per- 
fusion and renal function thereby increasing the excretion of organic 
acids. Most patients with DKA present with considerable total body 
deficits of potassium, magnesium, and phosphorus, even though 
serum levels, particularly of potassium, may actually be high on 
presentation. 

Lactic acidosis. Under normal conditions, lactate is formed in 
relatively small amounts and is further metabolized by the liver. Patho- 
logic conditions associated with either local or systemic hypoxia or 
ischemia, hypotension (shock), impaired oxidative metabolism, or 
impaired hepatic clearance can cause significant lactic acidosis. 

The diagnosis of lactic acidosis must be considered in all forms of 
increased anion gap metabolic acidosis. The diagnosis can be con- 
firmed by measuring the serum lactate level. Treatment must be 
directed at the underlying pathophysiologic process. 

Inborn errors of metabolism. Most patients with inborn errors of 
metabolism that cause a metabolic acidosis present in the neonatal 
period or shortly thereafter. Organic acidemias, aminoacidopathies, 
disorders of fatty acid oxidation, mitochondrial disorders, and defects 
in carbohydrate metabolism are associated with acidosis. Associated 
presenting signs and symptoms may include vomiting, failure to thrive, 
lethargy, seizures, developmental abnormalities, hepatomegaly, and 
elevated blood or urine levels of a particular metabolite. Some of these 
disorders will be detected by the state newborn screening protocols. In 
contrast, urea cycle disorders during the 1st few days of life manifest 
with respiratory alkalosis because of stimulation of the respiratory 
center by increased ammonia levels. 

Poisonings. A variety of toxic agents may be associated with 
increased anion gap metabolic acidosis; these include salicylate intoxi- 
cation, ethylene glycol (a component of antifreeze), and methanol. 
Carbon monoxide, cyanide poisoning, or methemoglobinemia induces 
hypoxic acidosis. 

Classically, salicylate intoxication is described as causing respira- 
tory alkalosis (stimulation of the respiratory center), followed by 
increased anion gap metabolic acidosis (accumulation of salicylic acid 
itself and lactic acidosis as a result of uncoupling of mitochondrial 
oxidative phosphorylation). However, children may present with 
simple increased anion gap metabolic acidosis. Nausea, tinnitus, non- 
cardiogenic pulmonary edema, and prolonged prothrombin time are 
other associated features. Alkalization of the blood and urine with 
sodium bicarbonate is beneficial despite the potential problems associ- 
ated with its use in acute metabolic acidosis. Alkalization of the plasma 
decreases the diffusion of salicylate into the central nervous system, 
and alkaline urine improves renal excretion. In severe poisoning, 
hemodialysis is quite effective at removing salicylate from the body. 
In cases of poisonings, dialysis serves the dual purposes of removing 
the poison (if dialyzable) and correcting the acid—base and electrolyte 
abnormalities. 


Failure of Acid Excretion 


In both acute and chronic renal failure, the kidneys fail to excrete the 
acid produced from normal daily metabolism. Both H* and anions 
accumulate in the body, resulting in slow consumption of bicarbonate 
stores. However, the acidosis is generally not severe unless a markedly 
catabolic state occurs or other associated conditions coexist. In acute 
renal failure, there is abrupt and complete inhibition of acid excretion, 
whereas in chronic renal failure, there initially is enhanced ammonia 
genesis by the remaining nephrons. As renal failure progresses, excre- 
tion of both NH," and phosphate declines. In addition, the secondary 
hyperparathyroidism seen with chronic renal failure decreases proxi- 
mal tubular HCO; reabsorption and adds a component of hyperchlo- 
remic acidosis to the increased anion gap acidosis. 
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$ Treatment of Metabolic Acidosis 


The morbidity and mortality caused by metabolic acidosis are deter- 
mined not only by the severity of acidosis but also by the amenability 
of the underlying disorder to medical management. During treatment 
of metabolic acidosis, the primary effort should focus on the manage- 
ment of the underlying condition. The recommendations and goals of 
buffer therapy differ for acute acidotic disorders such as DKA and for 
chronic acidotic states such as RTA. 

During the correction of acute metabolic acidosis, particular 
attention should be paid to ensure an appropriate potassium balance. 
During an episode of metabolic acidosis, potassium shifts from the 
intracellular space to the extracellular space in exchange for H', 
and thus the presence of a total body potassium deficit may not 
be appreciated. Hypokalemia may become evident only as the pH 
increases and potassium returns to the intracellular space. Chronic 
metabolic acidosis slows linear growth and interferes with bone 
mineralization. In chronic metabolic acidosis, there is a need for 
alkali therapy. 


METABOLIC ALKALOSIS 


Metabolic alkalosis (pH >7.45) occurs as a result of a primary increase 
in the serum HCO; , which may occur as a result of (1) net loss of H*, 
(2) net gain of HCO; (or its precursors), or (3) loss of fluid with more 
Cl than HCO;. Normally functioning kidneys can excrete large 
amounts of HCO; and should offset any increase in serum HCO; 
resulting from these causes. Therefore, factors that prevent the kidneys 
from excreting HCO; also must be present to maintain the metabolic 
alkalosis. 


Factors Initiating Metabolic Alkalosis 


The H' can be lost externally, either through the gastrointestinal tract 
or through the kidneys. For every H' lost at these sites, the body gains 
1 HCO; ion. This is because H* production at both these sites (gastric 
parietal cell and renal tubular cells) is associated with generation of an 
equivalent number of HCO; molecules. H* can also be “lost” inter- 
nally, by shifting into the intracellular compartment. This occurs in 
states of severe potassium depletion (H* moves in, whereas K* exits the 
cell, to maintain electroneutrality). 

The administration of HCO; or its precursors (such as lactate, 
citrate, and acetate), at a rate greater than normal metabolic produc- 
tion of acid can lead to net gain of HCO; by the body. 

External loss of fluid (gastric fluid) containing more CI than 
HCO; raises the concentration of HCO; in the body. One of the 
factors responsible for this type of alkalosis is the associated volume 
contraction, which leads to increased bicarbonate reabsorption by the 
proximal tubule of the kidney. 


Factors Responsible for Sustaining Alkalosis 


Decrease in effective blood volume and kidney perfusion causes 
increased Na' reabsorption, in both the proximal tubule (angiotensin 
II effect) and the distal renal tubule (mineralocorticoid effect), thereby 
increasing H' excretion. 

Increased mineralocorticoid levels directly increase H* secretion in 
the outer medullary collecting duct. 

Chloride depletion increases HCO; reabsorption in the proximal 
tubule. This effect is independent of ECF volume status. 

Hypokalemia sustains metabolic alkalosis by decreasing bicarbon- 
ate loss. Hypokalemia promotes hydrogen ion secretion in the distal 
nephron and stimulates ammonia genesis in the proximal tubular cells. 
When produced, ammonia enhances renal excretion of hydrogen ions. 
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(See Nelson Textbook of Pediatrics, Table 55.11.) 
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Hypercapnia induces a state of intracellular acidosis, which 
increases H' secretion. Although Pco, increases as a normal compensa- 
tory response to metabolic alkalosis, the elevated Pco, prevents the 
renal correction of alkalosis. 


$ Differential Diagnosis of Metabolic Alkalosis 


The causes of metabolic alkalosis can be divided into 2 categories on 
the basis of the urinary chloride level. The alkalosis in patients with 
low urinary chloride is maintained by volume depletion; volume reple- 
tion is needed to correct the alkalosis. In the process of volume deple- 
tion, there are losses of sodium, potassium, and chloride, but the loss 
of chloride is usually greater than the losses of sodium and potassium 
combined. Since chloride losses are the main cause of the volume 
depletion, these patients require chloride to correct the volume deficit 
and metabolic alkalosis; these patients have chloride-responsive meta- 
bolic alkalosis. Conversely, patients with alkalosis and an elevated 
urinary chloride concentration do not respond to volume repletion 
and have chloride-resistant metabolic alkalosis. Blood pressure can 
also be useful when considering the etiology of a patient’s chloride- 
resistant metabolic alkalosis (Table 46.5). 


Urinary Chloride Level Lower Than 15 mEq/L 


Chloride-deficient diet. Although uncommon in developed coun- 
tries, the ingestion of milk formula with low chloride content has been 
shown to result in hypochloremic metabolic alkalosis and failure to 


TABLE 46.5 Causes of Metabolic Alkalosis 


Chloride-Responsive (Urinary Chloride <15 mEq/L) 
Gastric losses 
Emesis 
Nasogastric suction 
Diuretics (loop or thiazide) 
Chloride-losing diarrhea (OMIM 214700) 
Chloride-deficient formula 
Cystic fibrosis (OMIM 219700) 
Posthypercapnia 


Chloride—Resistant (Urinary Chloride >20 mEq/L) 
High blood pressure 
Adrenal adenoma or hyperplasia 
Glucocorticoid-remediable aldosteronism (OMIM 103900) 
Renovascular disease 
Renin-secreting tumor 
17-B-Hydroxylase deficiency (OMIM 202110) 
11-B-Hydroxylase deficiency (OMIM 202010) 
Cushing syndrome 
11-B-Hydroxysteroid dehydrogenase deficiency (OMIM 218030) 
Licorice ingestion 
Liddle syndrome (OMIM 177200) 
Normal blood pressure 
Gitelman syndrome (OMIM 263800) 
Bartter syndrome (OMIM 607364/602522/241200/601678) 
Autosomal dominant hypoparathyroidism (OMIM 146200) 
EAST syndrome (OMIM 612780) 
Base administration 


EAST, epilepsy, ataxia, sensorineural hearing loss, and tubulopathy; 
OMIM, database number from the Online Mendelian Inheritance in 
Man (http:/Awww.ncbi.nim.nih.gov/omim). 

From Greenbaum LA. Electrolyte and acid-base disorders. In: 
Kliegman RM, Stanton BF, St Geme JW, et al., eds. Nelson Textbook 
of Pediatrics. 20th ed. Philadelphia: Elsevier; 2016:378. 


thrive in infants and to result in later neurodevelopmental abnormali- 
ties in childhood. 

Upper gastrointestinal losses. The gastric fluid has a high H' con- 
centration; loss of gastric fluid by vomiting or by nasogastric drainage 
leads to a net gain of HCO; in the body. Although this is the initiating 
factor, the alkalosis is sustained by concomitant Cl and K* losses. 
Secondary hyperaldosteronism, resulting from volume contraction, 
promotes further urinary potassium and H* excretion, worsening the 
hypokalemia and alkalosis; urine is the source of most of the potassium 
losses caused by emesis. The degree of metabolic alkalosis associated 
with vomiting is generally mild except in conditions in which gastric 
secretions are greatly stimulated (e.g., Zollinger-Ellison syndrome) or 
there is protracted vomiting (e.g., pyloric stenosis). 

Metabolic alkalosis can also be seen in newborns of mothers with 
eating disorders (bulimia). The baby reflects the electrolyte changes of 
the mother and sustains alkalosis because of the Cl” deficiency. 

Chloride secreting diarrhea. This is a rare congenital syndrome 
characterized by a defect in small- and large-bowel chloride absorption 
that leads to a chronic diarrhea with high chloride losses in the stool. 
The ongoing chloride depletion leads to a sustained metabolic 
alkalosis. 

Diuretic therapy. Chronic use of loop and thiazide diuretics may 
cause a metabolic alkalosis. The alkalosis is sustained because of hypo- 
chloremia, hypokalemia, and volume contraction with resultant 
secondary hyperaldosteronism. The urinary Cl may be high if the 
diuretics have been ingested recently. The metabolic derangements 
caused by loop diuretics are identical to those seen in Bartter 
syndrome. 

Hypercapnia. Chronic hypercapnia, as seen in bronchopulmonary 
dysplasia or cystic fibrosis, leads to an elevated serum bicarbonate 
concentration from metabolic compensation. The increase in serum 
bicarbonate is balanced by a decrease in serum chloride. Affected 
patients have chloride depletion, which may be worsened by con- 
comitant diuretic use. With resolution of the hypercapnia, the bicar- 
bonate concentration remains high until the chloride depletion is 
corrected. 


Urinary Chloride Level Higher Than 20 mEq/L 
with Hypertension 


Pediatric patients with hypertension either have increased levels of 
aldosterone or act as if they do. Increased aldosterone “effects” cause 
renal retention of sodium, which results in elevated blood pressure. 
The disorders of mineralocorticoid excess are characterized by volume 
expansion and hypertension (see Table 46.5). The mineralocorticoid 
excess stimulates the renal excretion of H* and K*, resulting in meta- 
bolic alkalosis and hypokalemia. The various causes can be differenti- 
ated by evaluating the renin-aldosterone axis. Treatment is aimed at 
removing or correcting the source of the mineralocorticoid excess. 


Urinary Chloride Level Higher Than 20 mEq/L 
with Normal Blood Pressure 


Bartter syndrome and Gitelman syndrome. These uncommon 
autosomal recessive disorders result from defects in various ion trans- 
porters within the nephron. Bartter syndrome is a severe disorder that 
is characterized by urinary chloride wasting, hypokalemia, metabolic 
alkalosis, and increased serum levels of aldosterone and renin. Hyper- 
calciuria is also common and leads to nephrocalcinosis in some 
patients. Affected patients present with a history of failure to thrive, 
polyuria, polydipsia, and a tendency for dehydration. In neonatal 
Bartter syndrome, there is usually a history of polyhydramnios 
and premature delivery. Gitelman syndrome, in contrast, is a milder 
disorder characterized by hypokalemia, metabolic alkalosis, and 


TABLE 46.6 Bartter and Gitelman Syndromes 


Inheritance 


Affected tubular 
region 


Gene 


Onset 
Urine PGE, 


Hypokalemic 
metabolic 
alkalosis 


Features 


Type | Bartter 
Syndrome 


AR 
TAL 


SLOIZAZ 
Prenatal, postnatal 


Very high 
Present 


Polyhydramnios, 
prematurity, 


nephrocalcinosis, 


dehydration, 
hyposthenuria, 


Type Il Bartter 
Syndrome 


AR 
TAL + CCD 


KCNJ1 
Prenatal, postnatal 


Very high 
Present 


Same as type | 


Type Ill Bartter 
Syndrome 


AR 
TAL + DCT 


CLOBRK 


Variable 
Slightly elevated 
Present 


Failure to thrive, 
dehydration, salt 
craving, low serum 
magnesium in 
20%, mildest form 
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Type IV Bartter 
Syndrome 


AR 
TAL + DCT 


BSND 


Prenatal, postnatal 
Elevated 
Present 


Same as type |, with 


sensorineural 


hearing loss and no 


nephrocalcinosis 


Type V Bartter 
Syndrome 


AD 
TAL 


CASR 


Variable 
Elevated 
Present 


Hypocalcemia, low 
parathyroid 
hormone levels, 
hypercalciuria, 
uncommon cause 


Gitelman 
Syndrome 


AR 
DCT 


SHE ZAS. 
Few have CLCNKB 


Adolescent, adult 
Normal 
Present 


Hypomagnesemia 
In 100%, mild 
dehydration, 
occasional growth 
retardation, 


polyuria, failure to 
thrive 


of Bartter 
syndrome 


tetany 


AD, autosomal dominant; AR, autosomal recessive; CCD, cortisol collecting duct; DCT, descending convoluted tubule; PGE», prostaglandin E3; 


TAL, thick ascending loop of Henle. 


From Sreedharan S, Avner ED. Renal tubular acidosis. In: Kliegman RM, Stanton BF, St Geme JW, et al., eds. Nelson Textbook of Pediatrics. 


20th ed. Philadelphia: Elsevier; 2016:2534. 


hypomagnesemia caused by urinary magnesium wasting; calcium 
excretion is normal. The growth retardation is not as severe. Children 
with Gitelman syndrome, however, are more prone to febrile seizures 
and tetanic episodes (Table 46.6). 


$ Treatment of Metabolic Alkalosis 


Treatment focuses on correcting the underlying disorder and depends 
on the pathophysiologic mechanisms of the alkalosis. Patients with a 
chloride-responsive metabolic alkalosis (urine Cl <15 mEq/L) respond 
to volume repletion; both sodium and potassium chloride are neces- 
sary. In rare cases, if alkalosis persists despite chloride supplementa- 
tion, the carbonic anhydrase inhibitor acetazolamide can be used to 
increase urinary bicarbonate losses. In patients undergoing persistent 
gastric drainage, administration of either an H, blocker or H* pump 
inhibitor can be beneficial by decreasing the gastric H' secretion. 

Treatment of chloride-resistant metabolic alkalosis with hyperten- 
sion (urinary Cl >20 mEq/L) mandates interference with the miner- 
alocorticoid (or mineralocorticoid-like substance) that is maintaining 
renal H* losses. This can sometimes be accomplished pharmacologi- 
cally (e.g., with spironolactone or with other distal potassium-sparing 
diuretics such as amiloride). 


RESPIRATORY ACIDOSIS 


Respiratory acidosis results when there is an inappropriate increase in 
blood Pco, that is secondary to impaired pulmonary ventilation. Respi- 
ratory acidosis can result from either pulmonary disease, such as in 
severe bronchiolitis, or nonpulmonary disease, such as a narcotic over- 
dose. In acute compensation, plasma bicarbonate increases by 1 for 
each 10 mm Hg increase in the Pco;. In chronic respiratory acidosis, 
the kidneys increase acid secretion. Renal compensation starts in 12-24 
hours and reaches maximum in 3-5 days. In chronic compensation, 
plasma bicarbonate increases by 3-5 for each 10 mm Hg increase in 
the Pco,. 


Patients with a respiratory acidosis are often tachypneic as they are 
trying to correct the inadequate ventilation. The degree of hypercarbia 
drives the symptoms in a patient with respiratory acidosis. Patients 
with acute respiratory acidosis have more symptoms than patients with 
chronic respiratory acidosis. Hypoxia is usually seen in a patient with 
acute respiratory acidosis who is breathing room air. There may also 
be central nervous system manifestations of respiratory acidosis, which 
can include, but are not limited to, anxiety, dizziness, headache, confu- 
sion, hallucinations, myoclonic jerks, seizures, psychosis, and coma. 
The management of respiratory acidosis is directed toward improving 
alveolar ventilation and treating the underlying disorder. 


RESPIRATORY ALKALOSIS 


Respiratory alkalosis occurs when there is an inappropriate decrease 
in Pco, as a result of pulmonary hyperventilation. In a spontaneously 
breathing child, this can result from fever, sepsis, mild asthma, panic 
attack, or central nervous system disorders. In the intensive care unit, 
the most common cause is mechanical overventilation of an intubated 
child. A metabolic response to an acute respiratory alkalosis is medi- 
ated by hydrogen ion release from nonbicarbonate buffers and occurs 
within minutes. In this acute compensation, plasma bicarbonate falls 
by 2 for each 10 mm Hg decrease in Pco). In chronic respiratory alka- 
losis, the kidneys decrease H* secretion, which produces a decrease in 
the serum HCO; concentration. Metabolic compensation for a respi- 
ratory alkalosis develops gradually and takes 2-3 days. In chronic com- 
pensation, plasma bicarbonate falls by 4 for each 10 mm Hg decrease 
in the Pco,. Chronic respiratory alkalosis is the only acid—base disorder 
in which the pH may be completely normalized by the compensatory 
mechanisms. 

Symptoms of acute respiratory alkalosis may be chest tightness, 
palpitations, lightheadedness, circumoral numbness, or extremity par- 
esthesias. Less commonly, tetany, seizures, muscle cramps, or syncope 
can be seen. The lightheadedness and syncope are felt to be a result of 


the decrease in cerebral blood flow that is caused by hypocapnia. The 
parethesias, tetany, and seizures are thought to be related to the 
decrease in ionized calcium that occurs because alkalemia causes more 
calcium to bind to albumin. The treatment is management of the 
underlying process. 


MIXED ACID-BASE DISORDERS 


Mixed acid—base disorders occur when 2 or 3 primary events act to 
alter the acid—base state at the same time. The deviations in pH are 
more marked when 2 primary events block the compensation of 
each other, such as the combination of a metabolic acidosis and a 
respiratory acidosis seen in a patient with shock and respiratory failure. 
In contrast, in the presence of 2 opposing primary events, the pH 
may be normal or only minimally abnormal, as can be seen with 
combined vomiting and diarrhea. A mixed acid—base disorder is com- 
monly seen when neonates with respiratory acidosis caused by chronic 
lung disease also receive diuretics, which can cause a metabolic 
alkalosis. 
The diagnosis of mixed acid—base disorder should be suspected in 
the following situations: 
If the compensation for the primary event is absent or is out of the 
expected range. 
If the deviation in anion gap and/or serum CI is out of proportion to 
the change in HCO;. 
If the anion gap is significantly increased in the presence of a near- 
normal pH. 


POTASSIUM DISORDERS 


Potassium is the major intracellular cation with a normal serum con- 
centration of 3.5-5.5 mEq/L. The differential distribution of potassium 
between the intracellular (150 mEq/L) and extracellular compart- 
ments, sustained by the action of the Na’,K*-ATPase pump, is the chief 
determinant of the resting membrane potential. Not surprisingly, both 
hyperkalemia (serum K* >5.5 mEq/L) and hypokalemia (serum K* 
<3.5 mEq/L) have a profound effect on the excitability of the neuro- 
muscular tissue, especially the cardiac tissue. As a result, fatal cardiac 
arrhythmias are possible sequelae of hypokalemia or hyperkalemia. 

Almost all dietary potassium is absorbed. The kidney is the major 
organ responsible for K* excretion, eliminating more than 90% of the 
daily K* intake. However, after an acute ingestion of K', the kidneys 
excrete only half of it over the 1st 4-6 hours; the remainder is tran- 
siently redistributed intracellularly before the kidneys eventually 
excrete it. This intracellular redistribution has a very important role in 
offsetting acute changes in serum K', but it has a limited capacity to 
do so. Redistribution of a very small fraction (1-2%) of intracellular 
K' into the ECF can easily increase serum K` to a dangerous level. A 
number of factors affect the distribution of K* between the intracel- 
lular space and the ECF (‘Table 46.7). The colonic excretion of K* is of 
no significance under normal conditions, but in patients with chronic 
renal failure, it becomes an important route of K* elimination, when 
colonic excretion increases substantially. 

Because the kidney is the major route of potassium elimination 
from the body, a disturbance in renal potassium handling can be the 
cause of excessive loss or retention. 

In clinical practice, spironolactone, amiloride, and triamterene 
decrease urinary K* excretion. Whereas spironolactone is an aldoste- 
rone antagonist, amiloride and triamterene block the Na* conductance 
channels present in the principal cell luminal membrane. The antimi- 
crobial trimethoprim prevents K* secretion by the same mechanism as 
amiloride. 
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TABLE 46.7 Factors Affecting Potassium 
Distribution Between Extracellular Fluid and 
Intracellular Fluid 


Insulin Excess causes hypokalemia 
Deficiency causes hyperkalemia 


Catecholamines 


B-agonists cause hypokalemia 
B-antagonists cause hyperkalemia 


Acid—base status Metabolic alkalosis causes hypokalemia 
Metabolic acidosis (especially 


inorganic) causes hyperkalemia 


Tissue injury Causes hyperkalemia 


From Chadha V, Alon US. Acid-base and electrolyte disturbances. In: 
Kliegman RM, Greenbaum LA, Lye PS, eds. Practical Strategies in 
Pediatric Diagnosis and Therapy. 2nd ed. Philadelphia: Elsevier; 
2004:455. 


HYPOKALEMIA 


Hypokalemia (Table 46.8) may result from (1) increased renal losses, 
(2) increased extrarenal losses, (3) redistribution, or (4) prolonged 
decreased intake of potassium. When interpreting cases of hypokale- 
mia, the clinician should pay careful attention to blood pressure and 
obtain laboratory data concerning acid—base status, electrolytes, osmo- 
lality of blood and urine, and the renin-aldosterone axis. 


Increased Renal Losses with Hypertension 
Mineralocorticoid Excess 

The presence of excess mineralocorticoid hormone, regardless of its 
source, results in stimulation of potassium secretion by the distal 
tubular cells of the nephron. Mineralocorticoid excess can result from 
primary hyperaldosteronism, rare forms of congenital adrenal hyper- 
plasia (170-hydroxylase or 11f$-hydroxylase deficiency), syndrome of 
apparent mineralcorticoid excess, glucocorticoid remediable aldoste- 
ronism, and Cushing syndrome. The hypokalemia in these conditions 
is associated with increased sodium chloride retention, causing hyper- 
tension. The expansion of the extracellular volume eventually leads 
to the suppression of Na‘-retaining mechanisms, but the K* losses 
continue unabated. Metabolic alkalosis develops as a result of 
enhanced proximal ammonium production secondary to potassium 
depletion. 


Liddle Syndrome 


Liddle syndrome is characterized by a primary increase in sodium 
reabsorption in the collecting tubule and associated with increased 
potassium secretion. The sodium reabsorption is increased through 
activation of the amiloride-sensitive renal sodium channel. Because 
serum aldosterone levels are low, spironolactone is ineffective, but 
amiloride or triamterene, which block the sodium channel, decrease 
potassium losses and help ameliorate the hypokalemia and the 
hypertension. 


Increased Renal Losses with Normal Blood Pressure 


The hypokalemia associated with Bartter syndrome, Gitelman syn- 
drome, RTA, DKA, and vomiting are discussed in the section on acid— 
base disorders. 

Hypomagnesemia of any cause can lead to K* depletion, and 
correction of hypokalemia is not possible until magnesium balance 
is restored. These effects are believed to be secondary to magnesium’s 
effect on aldosterone secretion and K* channels. Magnesium 
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(See Nelson Textbook of Pediatrics, Fig. 55.5.) 


TABLE 46.8 Differential Diagnosis 
of Hypokalemia 


Increased Renal Losses (TTKG >6) 
With Hypertension 
Mineralocorticoid excess 
Primary aldosteronism 
Congenital adrenal hyperplasia 
17-a Hydroxylase deficiency 
11-B-Hydroxylase deficiency 
Hyperreninemic hyperaldosteronism 
Glucocorticoid-suppressible hyperaldosteronism 
Exogenous mineralocorticoid 
Cushing syndrome 
Liddle syndrome 


With Normal Blood Pressure 
With Acidosis 

Renal tubular acidosis 

Diabetic ketoacidosis 


With Alkalosis 

Vomiting 

Diuretics 

Congenital chloride diarrhea 
Bartter syndrome 

Gitelman syndrome 

Magnesium depletion 
Normotensive hyperaldosteronism 


With Normal Acid-Base 
Recovery from acute tubular necrosis 
Postobstructive diuresis 

Drugs (penicillins, amphotericin B) 


Extrarenal Losses (TTKG <2) 
Diarrhea/Gl fistulas 

Laxative abuse 

Profuse sweating 


Redistribution 

Alkalosis 

B-Adrenergic agonists 

Barium intoxication 

Familial hypokalemic periodic paralysis 


Gl, gastrointestinal; TTKG, transtubular potassium gradient. 

From Chadha V, Alon US. Acid-base and electrolyte disturbances. In: 
Kliegman RM, Greenbaum LA, Lye PS, eds. Practical Strategies in 
Pediatric Diagnosis and Therapy. 2nd ed. Philadelphia: Elsevier; 
2004:456. 


replacement in this situation should be done with magnesium oxide, 
because the sulfate ion of magnesium sulfate can increase the urinary 
K` losses. 

The polyuric recovery phase of acute tubular necrosis and the 
postobstructive diuresis after relief of urinary tract obstruction are 
commonly encountered clinical conditions that may be associated 
with excess urine potassium losses. Penicillins can increase urinary 
K` losses by increased delivery of sodium and nonabsorbable anions 
to the distal nephron. Amphotericin B enhances urinary K' loss 
by increasing the tubular K* permeability and also by causing type 
I RTA. 
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Increased Extrarenal Losses 


Diarrhea is a very common cause of hypokalemia in pediatric practice. 
Profuse sweating is a much less frequent cause of hypokalemia. 


Redistribution 


Alkalosis causes potassium to enter cells in exchange for H'. 
B-Adrenergic agonists increase intracellular movement of potassium. 

Familial hypokalemic periodic paralysis is a rare disorder charac- 
terized by recurring transient episodes of net K' transfer from ECF to 
intracellular fluid (ICF). The autosomal dominant form manifests 
between the ages of 10 and 19 years. The dominant finding is muscle 
weakness, which may advance to paralysis. Episodes typically occur 
after large carbohydrate-rich meals, strenuous exercise, or insulin 
administration. Hyperthyroid states may also produce hypokalemic 
paralysis. Therapy is largely symptomatic; empirical treatment with 
acetazolamide has yielded some results. 


Consequences of Hypokalemia 


Hypokalemia produces functional alterations in skeletal muscle, 
smooth muscle, and the heart. The cardiac conduction effects are the 
most serious consequence of hypokalemia. The characteristic elec- 
trocardiographic (ECG) changes include flattening of the T wave 
with appearance of the U wave. Skeletal muscle weakness usually 
starts in the limbs before involving the trunk and respiratory muscles. 
Paralytic ileus and gastric dilatation reflect smooth muscle dysfunc- 
tion. Rhabdomyolysis is a dramatic and serious complication of 
hypokalemia. Hypokalemia is particularly dangerous in patients taking 
digoxin. 

In the kidney, potassium deficiency may result in vacuolar changes 
in the tubular epithelium. The renal concentrating capacity is decreased, 
causing polyuria. Prolonged and sustained hypokalemia leads to sys- 
temic alkalosis. 


$ Treatment of Hypokalemia 


The immediate objective of potassium replacement is to prevent life- 
threatening cardiac conduction and muscle complications. The ulti- 
mate goal is to replenish total body potassium stores. There is no 
method of determining the potassium deficit, because there is no defi- 
nite correlation between the plasma potassium concentration and 
body potassium stores. A decrease of 1 mEq/L in serum potassium 
concentration secondary to potassium loss generally corresponds to a 
loss of approximately 10-30% of body potassium. In conditions with 
associated acidosis and/or hyperosmolality (e.g., RTA, DKA), the 
plasma potassium concentration may underestimate potassium stores, 
and correction of acidosis with bicarbonate in these conditions may 
rapidly lower the serum potassium concentration. 

The safest route to administer potassium is by mouth, but in 
states of severe symptomatic hypokalemia or when there are gastro- 
intestinal problems, potassium must be given intravenously. The usual 
concentration of potassium in intravenous fluid solutions is up to 
40 mEq/L. Higher concentrations of up to 60-80 mEq/L can be given 
in a central vein under continuous ECG monitoring. Dextrose should 
be avoided in the initial fluids because its administration with sec- 
ondary increased insulin secretion may result in further lowering of 
the plasma potassium concentration. The choice of potassium salt 
depends on the clinical situation. Under most circumstances, when 
hypovolemia coexists, potassium chloride is appropriate. Potassium 
bicarbonate (or, more often, other salts such as citrate or acetate, 
which generate bicarbonate) can be given in the presence of coexistent 
metabolic acidosis. If there is an associated phosphate deficiency (as 
in DKA), potassium phosphate can be used. It is important to remem- 
ber that correction of total body potassium deficits can take days to 
weeks. 


HYPERKALEMIA 


Moderate (6.1-7.0 mEq/L) to severe (>7.0 mEq/L) hyperkalemia, espe- 
cially if it develops acutely, can lead to grave consequences and requires 
prompt treatment. Pseudohyperkalemia can occur as result of release 
of intracellular potassium (e.g., hemolysis caused by mechanical 
trauma during venipuncture), and it can also be seen in conditions 
with marked leukocytosis and thrombocytosis. It can be avoided by 
minimizing trauma and hand clenching during venipuncture, by 
rapidly separating red blood cells, and by using plasma rather than 
serum for potassium measurements. An unexpected elevated potassium 
level should be immediately repeated. 

Hyperkalemia can be caused by (1) reduced urinary potassium 
excretion, (2) increased potassium intake, (3) release of intracellular 
potassium, and/or (4) impaired cellular potassium uptake (Table 46.9). 


Reduced Urinary Potassium Excretion 


Renal potassium excretion decreases when the GFR is decreased or 
when there is a defect in tubular potassium excretion resulting from 
lack of aldosterone, medications, or a primary defect in tubular potas- 
sium excretion. 


Renal Failure 


Potassium excretion is decreased in both acute and chronic renal 
failure. Severe hyperkalemia occurs more commonly in acute renal 
failure. In contrast, in patients with chronic renal failure, hyperkalemia 
does not occur unless the GFR is lower than 10 mL/min or some other 
factor predisposing to hyperkalemia is present. In patients with chronic 
renal failure, potassium balance is maintained by increased K' secre- 
tion per functioning nephron and also by enhanced excretion of K* 
through the gastrointestinal tract. 


Hypoaldosteronism 


Low levels or absence of aldosterone (or aldosterone receptor defects) 
may result from a variety of conditions (Addison disease, congenital 
adrenal hyperplasia [deficiency of 21-hydroxylase], and hyporenin- 
emic hypoaldosteronism). In addition to hyperkalemia, hyponatremia 
and hyperchloremic metabolic acidosis are the associated features in 
these disorders. The diagnosis can be confirmed by measurement of 
renin activity and aldosterone levels. 


Drugs 

Several drugs are known to be associated with hyperkalemia; they can 
either impair renin-aldosterone secretion or action (angiotensin- 
converting enzyme inhibitors, spironolactone, cyclosporine, or 
heparin) or impair renal tubular potassium secretion (amiloride, tri- 
amterene, trimethoprim, or cyclosporine). 


Primary Tubular Defects 


In some patients, hyperkalemia occurs as a result of low urinary K“ 
excretion despite normal renin and aldosterone levels. The presence of 
a selective defect in K' secretion has been described in subjects with 
renal transplant rejection and lupus nephritis. 


Increased Potassium Intake/Tissue Release 


Acute increases in potassium intake, usually through parenteral admin- 
istration, may result in hyperkalemia. The hyperkalemia is typically 
transient because normal kidneys have a large capacity for excreting 
potassium. Sustained hyperkalemia is seen only when renal excretory 
mechanisms are impaired. 

In tumor lysis syndrome and rhabdomyolysis, massive amounts of 
K' are released from the intracellular compartment, but hyperkalemia 
does not usually occur unless acute renal failure supervenes. Similarly, 
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TABLE 46.9 Differential Diagnosis 
of Hyperkalemia 


Pseudohyperkalemia 
Hemolysis 

Thrombocytosis 
Leukocytosis 


Reduced Urinary Potassium Excretion (TTKG <5) 
Renal Failure 

Acute 

Chronic 


Hypoaldosteronism 

Addison disease 

Hereditary adrenal enzyme defects 
21-Hydroxylase deficiency 

Hyporeninemic hypoaldosteronism 

Pseudohypoaldosteronism (Gordon syndrome) 


Drugs 

ACE inhibitors 

Potassium-sparing diuretics 
Spironolactone 
Amiloride 
Triamterene 

Cyclosporine 

Trimethoprim 

Heparin 

Nonsteroidal antiinflammatory agents 


Primary Tubular Defects 
Post—renal transplantation 
Lupus nephritis 

AIDS 

RTA type IV (chloride shunt) 


Increased Intake/Tissue Release (TTKG >10) 
Intravenous/oral administration 

Hemolysis (endogenous or transfused blood) 
Rhabdomyolysis 

Tumor lysis 


Redistribution 

Acidosis 

Insulin deficiency (diabetes) 

Familial hyperkalemic periodic paralysis 
Digitalis toxicity 

B-Adrenergic blockade 

succinylcholine 


ACE, angiotensin—converting enzyme; AIDS, acquired 
immunodeficiency syndrome; RTA, renal tubular acidosis; TTKG, 
transtubular potassium gradient. 

From Chadha V, Alon US. Acid-base and electrolyte disturbances. In: 
Kliegman RM, Greenbaum LA, Lye PS, eds. Practical Strategies in 
Pediatric Diagnosis and Therapy. 2nd ed. Philadelphia: Elsevier; 
2004:457. 


trauma, intravascular hemolysis, transfusion of stored blood, and cata- 
bolic states such as infection or high fever are associated with release 
of K* from the cells; however, hyperkalemia is uncommon as long as 
renal function is normal and normal to high urine output is main- 
tained with fluid therapy. 


Redistribution 


Acidosis and insulin deficiency result in egress of intracellular potas- 
sium. B,-Receptor blockers, digitalis (by inhibiting the Na*,K*-ATPase 
pump), and succinylcholine (by inhibiting cellular repolarization) 
cause hyperkalemia by impairing cellular potassium uptake. 


Consequences of Hyperkalemia 


Overt clinical manifestations are uncommon with hyperkalemia, but 
cardiac arrhythmias are potentially life-threatening. Generalized mus- 
cular weakness and paralysis can occur. The characteristic ECG find- 
ings seen with increasing [K'] are tall, peaked T waves; widening of the 
QRS complex; decreased amplitude of the P wave; and fusion of the 
QRS complex with the T wave, forming a sine wave. This can be rapidly 
followed by atrioventricular dissociation and ventricular tachycardia 
or fibrillation. Cardiac arrest is more common with hyperkalemia than 
with hypokalemia. 


$ Treatment of Hyperkalemia 


The treatment of hyperkalemia depends on the magnitude of the 
hyperkalemia, the severity of ECG changes, and the anticipated future 
rise in [K"]. The specific therapy should always focus on the underlying 
cause. However, a plasma potassium concentration higher than 
7.0 mEq/L or marked ECG changes are potentially life-threatening and 
necessitate immediate treatment. A normal ECG result should not lead 
to a more casual approach, because significant ECG changes can 
appear over a short period of time. All potassium intake (parenteral 
nutrition, medications with potassium salt) and medications that 
cause hyperkalemia, such as potassium-sparing diuretics, angiotensin- 
converting enzyme inhibitors, and trimethoprim, should be discontin- 
ued. The treatment modalities usually belong to the following 3 
categories: (1) antagonism of membrane excitability, (2) shifting of 
potassium into the intracellular compartment, and (3) elimination of 
excess potassium (Table 46.10). 


TABLE 46.10 Treatment of Hyperkalemia 


Antagonism of Membrane Excitability 

Calcium gluconate 10% (elemental calcium, 0.45 mEq/mL), 0.5-1.0 mL/kg 
body weight (maximum = 10 mL), injected intravenously and slowly over 
5-10 min, with continuous monitoring of heart rate) 


Shift of Potassium into the Intracellular Compartment 

e Sodium bicarbonate, 1-2 mEq/kg body weight intravenously over 
10-20 min; usefulness is limited in patients with volume expansion 

e Glucose, 1 g/kg body weight, and insulin, 1 unit per every 4 g of glucose, 
intravenously over 20-30 min 


e ,-Adrenergic agonists, such as albuterol, intravenously or by nebulizer 
or aerosol 


Elimination of Excess Potassium 
Loop/thiazide diuretics 
Fludrocortisone (0.05-0.1 mg/day); should be avoided or given with great 
caution to hypertensive patients 
Cation exchange resin, sodium polystyrene sulfonate, 1 g/kg body weight 
(maximum, 15 g/dose), administered orally or rectally in 20-30% sorbitol 
or 10% glucose, 1 g resin/4 mL (additional 70% sorbitol syrup may be 
given if constipation occurs) 
Peritoneal dialysis, hemodialysis, or hemodiafiltration 


Modified from Hellerstein S, Alon US, Warady BA. Renal impairment. 
In: Ashcraft KW, Murphy JP, Sharp RJ, et al., eds. Pediatric Surgery, 
3rd ed. Philadelphia: Saunders; 2000:47-57. 
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Calcium protects the heart from fatal arrhythmias caused by hyper- 
kalemia by normalizing the difference between the resting and thresh- 
old potentials. This protective effect is quite rapid but relatively 
short-lived; therefore, other measures to reduce the concentration of 
serum potassium are necessary. 

Potassium can be shifted from the extracellular to the intracellular 
compartment by administration of glucose and insulin, or B,- 
adrenergic agonists, as detailed in Table 46.10. Although the intracel- 
lular shift of potassium can be accomplished rather quickly, this is only 
a temporary measure, and further steps should be taken to establish a 
negative potassium balance. 

Loop or thiazide diuretics increase renal potassium excretion. In 
patients with aldosterone deficiency, fludrocortisone increases renal 
potassium excretion. Alkalinizing the urine through systemic base 
administration can further enhance urinary potassium losses. 

Cation exchange resins actually remove potassium from the body 
and are effective in acute situations, particularly when poor renal func- 
tion is present. Dialysis is needed in patients with severe hyperkalemia, 
especially in the presence of advanced renal failure or when accompa- 
nied by a hypercatabolic state or severe tissue necrosis. For urgent 
potassium removal, hemodialysis is more effective than continuous 
hemodiafiltration or peritoneal dialysis. 


SODIUM DISORDERS 


Sodium is the principal cation of the ECF compartment, and total 
body sodium content is the major determinant of ECF volume. A 
normal ECF volume is essential for maintaining an adequate circulat- 
ing blood volume. The sodium concentration determines cell volume 
by directing water movement between the ECF compartment and the 
intracellular compartment. An increase in ECF osmolality causes water 
to move out of cells, and a decrease in ECF osmolality causes water to 
move into cells. Sodium homeostasis is coupled with water homeosta- 
sis; therefore, disorders of sodium homeostasis usually occur as a result 
of imbalances of both sodium and water rather than an isolated imbal- 
ance of either sodium or water. 

The kidneys are pivotal regulators of sodium and water balance. 
Sodium excretion, which is regulated by the renin-angiotensin-aldo- 
sterone system and atrial natruretic peptide, increases in response to 
an expanded intravascular volume, as may occur with a high sodium 
intake. In response to a decreased intravascular volume, the urine can 
be made virtually sodium free. 

A detailed history of the underlying disease, food and fluid intake, 
fluid losses in the form of stool, emesis, and urine should be obtained. 
The physical examination focuses on an evaluation of the patient’s 
volume status, including the nature and rate of peripheral pulses, 
blood pressure, fullness of the fontanel, level of consciousness, dryness 
of mucous membranes, coolness of extremities, and capillary refill 
time. Urinary sodium concentration can provide valuable information 
regarding the child’s effective blood volume, but it can be misleading 
if the patient is receiving diuretics or has abnormal renal sodium han- 
dling. The clinical features associated with alterations in plasma osmo- 
lality are nonspecific. Osmolality is regulated by thirst and vasopressin 
production, which determines renal water excretion. A low serum 
osmolality may produce lethargy and confusion, whereas a high serum 
osmolality may lead to irritability, a high-pitched cry, and a doughy 
skin texture. The determination of plasma osmolality requires a direct 
laboratory measurement or can be estimated from the following 
formula: 


Serum osmolality mosm) = 2 x[Na" neq + [glucose] ,va/18 + lureal ngaL/2-8 
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HYPONATREMIA 


Hyponatremia is defined as a plasma sodium less than 135 mEq/L 
and is generally characterized as a disproportionate concentration of 
water to sodium. This may arise from either water retention or sodium 
losses. Hyponatremia should be differentiated from pseudohypona- 
tremia and factitious hyponatremia. Pseudohyponatremia occurs in 
the presence of excessive amounts of plasma proteins and lipids, which 
decrease the percentage of plasma water and thus artificially lower the 
plasma sodium concentration. The measured plasma osmolality of 
these patients is normal, inasmuch as lipids and proteins do not con- 
tribute significantly to osmolality because of their large size. Therefore, 
a gap between measured and calculated osmolalities can indicate 
pseudohyponatremia. 

Factitious hyponatremia results from high plasma concentrations 
of impermeable solutes such as glucose or mannitol that cause move- 
ment of water from the intracellular to the extracellular space. In 
contrast to pseudohyponatremia, the low plasma sodium concentra- 
tion in these situations is a true value, and plasma osmolality is 
increased as a result of the presence of the extra solutes. The decrease 
in plasma sodium is approximately 1.6 mEq/L for every 100 mg/dL 
increase in the plasma glucose concentration. 

In true hyponatremia, the plasma osmolality is low (<280 mOsm/ 
kg), and the pathophysiologic processes are caused by (1) loss of both 
plasma sodium and water (sodium losses exceeding water losses), (2) 
increase in plasma water (without edema), or (3) increase in both total 
body water and sodium (increase in water exceeding that of sodium; 
usually with edema). Estimating the status of the ECF volume (hypo- 
volemia, euvolemia, or hypervolemia) is therefore useful in narrowing 
the differential diagnosis (see Fig. 46.1). 


Hypovolemic Hyponatremia 


Hypovolemia hyponatremia occurs when urinary and/or gastro- 
intestinal sodium losses exceed those of water, fluids are sequestered 
into third spaces such as the peritoneal cavity, subcutaneous tissue, or 
bowel lumen, or uncommonly, sodium losses in sweat for patients with 
cystic fibrosis or excessively hot climatic zones. The most common 
cause of hypovolemic hyponatremia in children is gastroenteritis. Fis- 
tulas and various types of gastrointestinal drainage tubes can also lead 
to a similar clinical picture. The normally functioning kidneys respond 
by conserving sodium, and the urine sodium concentration is usually 
less than 20 mEq/L. 

The kidneys can be the source of excessive sodium loss in prema- 
ture infants (tubular immaturity), in patients receiving diuretics, and 
in those having an osmotic diuresis (DKA). The presence of increased 
urinary bicarbonate, as seen in certain patients with metabolic alka- 
losis and RTA, leads to obligatory losses of sodium in the urine. The 
urinary sodium losses are increased during the recovery phase of acute 
tubular necrosis, after relief of urinary tract obstruction, and in certain 
renal diseases (salt-wasting nephropathies) such as medullary cystic 
disease, polycystic kidney disease, and tubulointerstitial diseases. All 
of these disorders are usually accompanied by hypokalemia. The pres- 
ence of hyperkalemia and normal renal function in patients with 
hypovolemic hyponatremia suggests mineralocorticoid deficiency or 
type IV RTA. 

Some children with acute or chronic central nervous system injury 
(closed-head trauma, surgery, tumors, or meningitis) present with 
excessive renal sodium losses and develop hypovolemic hyponatremia. 
The condition, known as cerebral (renal) salt-wasting syndrome, may 
occur because of secretion of atrial natriuretic hormone or other unde- 
termined factors. Cerebral salt wasting is usually associated with hypo- 
volemia but may be confused with the syndrome of inappropriate 


antidiuretic hormone secretion (SIADH), which does not demonstrate 
volume depletion. The 2 syndromes can be differentiated by measuring 
plasma uric acid concentration, which is increased in cerebral salt- 
wasting syndrome and decreased in SIADH. Apart from managing the 
underlying condition, patients with cerebral salt-wasting syndrome 
require complete replacement of urinary sodium and water losses. 

In all patients with renal losses of sodium as a cause of hypovolemic 
hyponatremia the urinary sodium concentration is usually greater 
than 20 mEq/L, despite the presence of hypovolemia. 


Euvolemic Hyponatremia 


The ECF volume status of patients in this group is usually normal; 
some persons have a slightly increased ECF volume, but they are not 
edematous. Owing to slight ECF volume expansion, urinary sodium 
concentration is usually greater than 20 mEq/L. 

The syndrome of inappropriate antidiuretic hormone secretion 
(SIADH) is a common cause of euvolemic hyponatremia. Exogenous 
administration of DDAVP (synthetic analog of vasopressin) can 
produce a similar clinical picture. SIADH, which has multiple causes 
(e.g., central nervous system infections, trauma, hypoxia, and various 
malignancies), results from antidiuretic hormone (ADH) secretion 
despite the absence of increased plasma osmolality or volume deple- 
tion, the normal stimuli for ADH secretion. The diagnostic criteria are 
as follows: 

Hypoosmolar hyponatremia 

Urine osmolality higher than serum osmolality 

Normal renal function 

Normal adrenal and thyroid function 

High urinary sodium concentration (this is not an absolute crite- 
rion, inasmuch as urinary sodium concentrations may be low in 
patients who are severely sodium depleted) 

6. Absence of hypovolemia or edema 

7. Hypouricemia 

In the absence of any obvious clinical signs, the incidental labora- 
tory finding of hyponatremia is usually the 1st clue to the presence of 
SIADH. 

Because SIADH is a problem of water retention and not of sodium 
depletion, the most appropriate treatment is water restriction. Attempts 
to correct the hyponatremia with sodium administration cause an 
increase in urinary sodium excretion and little change in the plasma 
sodium concentration. Nonetheless, sodium administration is needed 
if severe hyponatremia leads to neurologic symptoms. 

Glucocorticoid and thyroid hormone deficiency can cause hypona- 
tremia similar to that of SIADH. Adrenal insufficiency may also 
produce volume depletion and an addisonian crisis. The hyponatremia 
resolves with appropriate hormonal replacement therapy. 

Acute water intoxication is an uncommon cause of euvolemic 
hyponatremia in children receiving hypotonic intravenous fluids; it is 
likely to happen only if there is an associated impairment of free water 
excretion capability. Postoperative patients are at particularly increased 
risk because of high ADH secretion secondary to pain and emotional 
stress. As the free water excretion ability of infants is limited in com- 
parison with that in older children, they are at increased risk of devel- 
oping hyponatremia from excessive oral water intake. Infants younger 
than 1 year fed water without electrolytes may develop hyponatremia 
and associated symptoms such as lethargy, seizures, and hypothermia. 
Symptoms correct rapidly with water restriction. 


aS a 


Hypervolemic Hyponatremia 

In the absence of renal disease, patients with hypervolemic hyponatre- 
mia have decreased effective circulating blood volume with resulting 
sodium and water retention. Urine sodium concentration is low. The 
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(See Nelson Textbook of Pediatrics, p. 2647.) 


edema-forming states such as heart failure, cirrhosis, and nephrosis are 
characterized by decreased effective blood volume (despite an increased 
ECF) that leads to stimulation of the renin-angiotensin-aldosterone 
axis as well as ADH secretion. Although both sodium and water are 
retained, hyponatremia develops because of proportionately greater 
water retention. The urinary sodium is usually less than 10 mEq/L 
because of avid sodium reabsorption as a consequence of decreased 
effective blood volume and decreased renal perfusion. 


® Clinical Signs and Symptoms of Hyponatremia 


Most patients with mild degrees of hyponatremia (plasma sodium 
levels, 125-135 mEq/L) are asymptomatic. Once the serum sodium 
concentration falls below 120 mEq/L, serious sequelae, especially 
involving the central nervous system, may follow. Cerebral edema 
develops because the decrease in plasma osmolality causes water to 
move into the cells. Cerebral overhydration can manifest with varied 
symptoms, such as headache, vomiting, altered consciousness, seizures, 
and coma. The severity of symptoms is dependent on both the mag- 
nitude and rapidity of the fall in the plasma sodium concentration. 
Although seizures are common with acute hyponatremia, patients with 
chronic hyponatremia may manifest focal neurologic deficits and 
ataxia. The brain is protected during chronic hyponatremia by adap- 
tive changes involving loss of intracellular osmolytes. However, the 
same protective changes can be responsible for the harmful effects 
seen when chronic hyponatremia is corrected too rapidly (see later 
discussion). 

Patients with hypovolemic hyponatremia can develop shock at 
lesser degrees of body water depletion in comparison with patients 
with normal or increased serum sodium concentration, because of the 
associated fluid shift from the ECF to the ICF compartment. The 
decrease in the intravascular volume is a stimulus for ADH secretion, 
which serves to perpetuate the hyponatremia by limiting renal water 
excretion. 


® Treatment of Hyponatremia 


The treatment of hyponatremia depends on its severity, its duration, 
and the ECF volume status. The primary goal should be to treat the 
underlying condition giving rise to hyponatremia (e.g., management 
of diarrhea, mineralocorticoid deficiency, nephrosis, or heart failure). 
However, management of hypovolemia often requires initiation of 
corrective therapy before the underlying disease is controlled. 

Patients with severe hypovolemia should promptly receive paren- 
teral fluids to restore the circulating blood volume and normalize 
tissue perfusion. Blood and urine specimens should ideally be obtained 
as soon as possible to assess serum electrolytes, blood urea nitrogen 
level, creatinine level, and urinary sodium excretion. Because correction 
of severe hypovolemia takes precedence over normalization of osmolality, 
isotonic solutions can be safely administered before the blood chemistry 
results are available. Crystalloids are the preferred replacement fluids 
except if blood transfusion is required in cases of hemorrhagic shock. 
Isotonic crystalloids such as 0.9% saline (sodium level, 154 mEq/L) or 
lactated Ringer solution (sodium level, 130 mEq/L) are administered 
at rate of 10-20 mL/kg over a short period of time. Fluid boluses can 
be repeated as needed until clinical improvement has occurred. The 
correction of hypovolemia helps in reversing the pathophysiologic 
factors causing water retention, thus ameliorating the hyponatremia. 
In patients with known cardiac, renal, or pulmonary diseases, fluid 
should be administered with caution, and concomitant measurement 
of central venous pressure and respiratory function is desirable. 

After correction of acute hypovolemia, the remaining fluid deficit 
should be corrected slowly over 24-48 hours; additional fluid should 
be given to accommodate ongoing losses. 
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Patients with significant symptoms attributable to severe hypona- 
tremia should receive hypertonic (3%) saline. Central nervous system 
symptoms almost always lessen when the serum sodium concentration 
is increased by 10 mEq/L. It is recommended that the initial serum 
sodium correction not exceed 125 mEq/L with this treatment. 

Patients with SIADH require water restriction. In this group of 
patients, it is difficult to raise the plasma sodium concentration even 
with hypertonic saline, unless the ECF volume is simultaneously 
reduced. Whereas water restriction is enough for patients with mild 
hyponatremia, patients with symptoms should receive intravenous 
furosemide followed by intravenous hypertonic saline. In chronic 
SIADH, demeclocycline is effective because it diminishes the renal 
response to ADH. 

Patients with hypervolemic hyponatremia require salt and water 
restriction. Any effort to increase the serum sodium concentration 
by saline administration causes further ECF volume expansion and 
may worsen the patient’s condition. In cases of severe salt and water 
overload associated with renal failure, dialysis is the most effective 
therapy. 

The management of patients with chronic hyponatremia is contro- 
versial. These patients usually have very subtle symptoms because the 
brain has time to adapt to the disturbance with a decrease in the intra- 
cellular osmolytes. Rapid correction of hyponatremia can lead to cel- 
lular shrinkage and can cause an osmotically induced demyelination 
syndrome, particularly in the pons. The patients with extensive lesions 
can have flaccid quadriplegia, dysphagia, and dysarthria. 


HYPERNATREMIA 


Hypernatremia is a plasma sodium level greater than 145 mEq/L and 
may occur as result of (1) loss of both body sodium and water (water 
losses exceeding those of sodium), (2) isolated loss of water, and rarely 
(3) increase in body sodium. The development of hypernatremia is 
usually prevented by thirst and renal concentrating mechanisms. 
Thirst is so effective that even patients with complete diabetes insipidus 
(DI) avoid hypernatremia by increasing fluid intake. Hypernatremia 
develops only when hypotonic fluid losses occur in combination with 
a disturbance in water intake, as a result of inadequate access (as in 
comatose, developmentally delayed, or very young patients), or as a 
result of a primary abnormality of thirst mechanism (e.g., hypotha- 
lamic adipsic syndrome). Establishing the differential diagnosis of 
hypernatremia is aided by determining the patient’s ECF volume status 
(hypovolemia, euvolemia, or hypervolemia) (Fig. 46.2). 


Hypovolemic Hypernatremia 


Disorders associated with losses of both sodium and water but with a 
relatively greater loss of water lead to hypovolemic hypernatremia. 
Many of the common causes (e.g., diarrhea, diuretic use) are similar 
to those that cause hypovolemic hyponatremia. Hypernatremia in 
these situations develops because of failure to ingest hypotonic fluids. 
Hypernatremic dehydration and failure to thrive often develop in neo- 
nates who nurse poorly, especially if the mother’s breast milk has not 
come in. If the losses are extrarenal (e.g., through diarrhea, vomiting, 
profuse sweating), the urinary sodium concentration is less than 
10 mEq/L. The renal causes are usually associated with a urine sodium 
concentration higher than 20 mEq/L. 


Euvolemic Hypernatremia 


Pure water losses do not lead to volume contraction unless the water 
losses are large; these patients therefore appear euvolemic. In addition, 
hypernatremia develops only when the hypotonic losses are not 
accompanied by appropriate water intake. Although water loss can 
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FIGURE 46.2 Classification, Diagnosis, and Treatment of Hypernatremic States. (Modified from 
Beri T, Schrier RW. Disorders of water metabolism. In: Schrier RW, ed. Renal and Electrolyte Disorders. 


Philadelphia: Lippincott-Raven; 1997.) 


occur through the skin or the respiratory tract, the most important 
disorder in this group is DI. 

Patients with DI have a very low urine osmolality. Central DI is 
caused by a failure to secrete ADH; nephrogenic DI is secondary to a 
renal resistance to ADH. Acquired forms of central and nephrogenic 
DI are more common than the hereditary forms. 

Hereditary central DI can be either autosomal dominant or, less 
commonly, autosomal recessive. The autosomal recessive form occurs 
in association with diabetes mellitus, optic atrophy, and deafness 
(Wolfram syndrome). The acquired causes of central DI include 
central nervous system trauma, infections, tumors, granulomatous 
infiltration, and vascular malformations. 

Congenital nephrogenic DI is a rare X-linked disorder affecting 
mainly boys, with variable penetrance in girls. The acquired form of 
nephrogenic DI can be seen in association with chronic renal diseases 
(e.g., polycystic disease, medullary cystic disease, ureteral obstruction), 
electrolyte disorders (e.g., hypokalemia, hypercalcemia), drugs (e.g., 
lithium, demeclocycline, amphotericin, foscarnet), and sickle cell 
disease/trait. 

Older children with DI have polyuria, polydipsia, and nocturia. The 
urine is hypo-osmolar and remains so even when these children 
develop dehydration and consequently increased serum osmolality. 
During infancy, DI can manifest with recurrent episodes of unex- 
plained dehydration and fever. Repeated episodes of hypernatremic 
dehydration can lead to permanent neurologic sequelae. 

Performing a fluid deprivation test and then determining 
the response to injectable vasopressin can help diagnose DI and 


differentiate between the central and nephrogenic forms. Primary 
treatment should focus on the underlying cause. Central DI is managed 
with hormonal replacement therapy with desmopressin (DDAVP). 
There is considerable individual variation in the required dosage, and 
it is important to allow patients to revert to mild polyuria before the 
next dose is given, to prevent excessive water accumulation. An intra- 
venous form of antidiuretic hormone can be used in sick and comatose 
patients. 

Therapy for nephrogenic DI should ensure a sufficient intake of 
water to replace the large urinary losses. Because obligatory urinary 
water losses increase with increasing solute load, restriction of sodium 
intake reduces the urine output. Administration of diuretics, such as 
thiazides and amiloride, keeps these patients in a mildly dehydrated 
state, which leads to increased water reabsorption in the more proximal 
segments of the nephron, thereby decreasing urine output. Nonsteroi- 
dal antiinflammatory drugs such as indomethacin also reduce polyuria 
and may be used in combination with diuretics. Careful attention 
should be paid to the fluid balance in these patients when they are sick 
and have poor oral fluid intake because they require large quantities 
of water replacement. Frequent monitoring of serum electrolytes is 
mandatory during these periods. 

Adipsic/hypodipsic hypernatremia (essential hypernatremia; reset 
osmostat) characterizes a group of patients who have persistent hyper- 
natremia, absence or attenuation of thirst, and often partial DI. Many 
patients are obese as a result of polyphagia. These patients require 
regimental intake of fluids; they may need supplementation with 
DDAVP. 


Hypervolemic Hypernatremia 


This is the least common type of hypernatremia. Most of the causes 
are iatrogenic (administration of improperly formulated oral rehydra- 
tion solution, administration of intravenous fluids, excessive bicarbon- 
ate administration during resuscitative efforts, inadvertent dialysis 
against a high sodium concentration dialysate, salt poisoning, and 
seawater drowning). Other causes include primary hyperaldosteron- 
ism and Cushing syndrome. 


® Clinical Signs and Symptoms of Hypernatremia 


Hypernatremia causes intracellular dehydration by movement of water 
from the intracellular to the extracellular compartment. The conse- 
quences of intracellular dehydration are particularly marked in the 
brain and manifest with irritability, altered sensorium, lethargy, and 
hyperreflexia and eventually seizures, coma, and death. Brain hemor- 
rhages can result from tearing of small blood vessels when the brain 
contracts as a result of intracellular dehydration. Hypernatremia 
and dehydration may predispose to dural sinus thrombosis. During 
chronic hypernatremia, the brain cells adapt to the increased ECF 
osmolality by accumulating idiogenic osmoles (which are mostly 
amino acids, particularly taurine). They increase intracellular osmolal- 
ity, consequently restoring intracellular volume. This protective 
response has significant implications for therapy and the speed with 
which hypernatremia should be corrected. 


$ Treatment of Hypernatremia 


The treatment of hypernatremia is guided by its severity, its chronicity, 
and the ECF volume status of the patient. 

It is important to realize that patients with hyperosmolality main- 
tain the ECF space at the expense of the ICF compartment, and, there- 
fore, the degree of sodium and fluid losses may be profound before 
clinical signs of hypovolemia develop. Large volumes of isotonic crys- 
talloid may be necessary to replace the fluid deficit. 

Once initial fluid resuscitation has been performed, the serum 
sodium concentration should be restored slowly over a minimum 
period of 48 hours. The total water deficit can be estimated as follows 
(FW, free water; NA, sodium): 


FW deficit (child) = 0.6 x weight (kg) x (current NA /140-1) 


Hypernatremia is corrected especially slowly when it is more severe 
and chronic. The rate of fall in plasma sodium concentration should 
be less than 1 mEq/L/hr. During the correction of hypernatremia, the 
idiogenic osmoles that brain cells produce to prevent cellular dehydra- 
tion dissipate slowly. If hypernatremia is corrected too rapidly, the 
increased intracellular osmolality from the idiogenic osmoles can lead 
to cerebral edema. In patients with hypervolemic hypernatremia, the 
Ist line of therapy is restriction of salt intake, followed by administra- 
tion of diuretics. 


CALCIUM DISORDERS 


Serum calcium concentration in the extracellular fluid is regulated by 
parathyroid hormone (PTH), which acts on the kidney and bones, and 
by 1,25-dihydroxyvitamin D, which acts on the intestines and bones. 
About 50% of the calcium is in the ionized form, 40% is protein bound 
(mainly to albumin), and 10% is associated with anions, such as bicar- 
bonate, citrate, sulfate, phosphate, and lactate. It is important to 
remember that serum albumin levels and pH affect calcium levels. 
There is a direct relationship between serum albumin concentration 
and total serum calcium. An alkaline pH will increase protein binding, 
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leading to decreased ionized calcium levels. It is important to obtain 
an ionized calcium level when evaluating calcium derangements. 


Hypocalcemia 


There are many causes of hypocalcemia, and measurements of para- 
thyroid hormone can help classify the etiology of hypocalcemia (Fig. 
46.3). Hypocalcemia is defined as a total serum calcium level below 
8.5 mg/dL and an ionized serum calcium level below 4.65 mg/dL. 
Patients with mild hypocalcemia are usually asymptomatic. With 
severe hypocalcemia, patients may present with paresthesias of the 
extremities, Chvostek sign, Trousseau sign, muscle cramps or spasm, 
laryngospasm, tetany, and seizures. Cardiac manifestations of hypocal- 
cemia include a prolonged QT interval, which can progress to heart 


block. 


Hypercalcemia 


Similar to hypocalcemia, there are also many causes of hypercalcemia 
(Fig. 46.4). Hypercalcemia usually occurs through 1 of 3 mechanisms: 
increased bone resorption, increased gastrointestinal absorption of 
calcium, and decreased renal excretion. Hypercalcemia is defined as 
total serum calcium above 10.5 mg/dL and an ionized serum calcium 
of above 5.25 mg/dL. Patients with mild hypercalcemia usually do 
not have symptoms. Patients with severe hypercalcemia may have 
neurologic manifestations ranging from drowsiness to coma. 


RICKETS 


Rickets is a disease caused by deficient mineralization of the osteoid 
matrix before closure of the epiphyseal plate that results in softening 
and weakening of bones in infants and children. In patients with 
rickets, the growth plate cartilage and osteoid continues to expand but 
mineralization is inadequate, and as a result, the growth plate thickens. 
The circumference of the growth plate and the metaphysis also 
increases, which expands bone width at the location of the growth 
plates and causes some of the classic clinical manifestations, such as 
widening of the wrists and ankles. There is also softening of the bones 
that can lead to bone deformities and causes them to bend easily, 
especially when subject to certain forces. 

Rickets is usually caused by vitamin D deficiency. Children at risk 
are those with limited sun exposure, ages 6-24 months, prematurity, 
solely breast-fed infants, use of anticonvulsants, and darker skin pig- 
mentation. Rickets is still a significant problem in developing coun- 
tries, likely due to nutritional vitamin D deficiency and inadequate 
calcium intake. 


® Clinical Manifestations 


Most clinical features of rickets are due to skeletal changes. Craniotabes 
is a softening of the cranial bones, which can be appreciated by apply- 
ing pressure at the occiput or over the parietal bones. Widening of the 
costochondral junctions produces a rachitic rosary, which can be 
detected on exam by moving one’s fingers along the costochondral 
junctions from rib to rib, named because it feels like the beads of a 
rosary. Increased circumference of the wrists and ankles is a result of 
growth plate widening. Patients with rickets may have an indentation 
of the lower ribs, known as a Harrison groove, which occurs from the 
pulling of the softened ribs by the diaphragm during inspiration. Soft- 
ening of the ribs can impair air movement and predisposes patients to 
atelectasis and pneumonia. In addition to the skeletal manifestations, 
rickets can present with hypocalcemia, hypophosphatemia, and tetany 
(Table 46.11). It is important to note that most children are asymp- 
tomatic, and rickets is diagnosed through an incidental finding on 
physical or radiologic examination. 
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(See Nelson Textbook of Pediatrics, Fig. 571.1.) 
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FIGURE 46.3 Causes of Hypocalcemia. ALT, alanine aminotransferase; AST, aspartate aminotransferase; 
BUN, blood urea nitrogen; PTH, parathyroid hormone. (From Pomeranz AJ, Sabnis S, Busey SL, et al. Hypo- 
calcemia. In: Pomeranz AJ, Sabnis S, Busey SL, et al., eds. Pediatric Decision-Making Strategies. 2nd ed. 
Philadelphia: Elsevier; 2016:335.) 
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FIGURE 46.4 Causes of Hypercalcemia. MEN, multiple endocrine neoplasia; PTH, parathyroid hormone. 
(From Pomeranz AJ, Sabnis S, Busey SL, et al. Hypocalcemia. In: Pomeranz AJ, Sabnis S, Busey SL, et al., 


eds. Pediatric Decision-Making Strategies. 2nd ed. Philadelphia: Elsevier; 2016:337.) 


There is some variation in the clinical presentation of rickets based 
on the etiology. Changes in the lower extremities tend to be the domi- 
nant feature in X-linked hypophosphatemic rickets. Symptoms sec- 
ondary to hypocalcemia occur only in those forms of rickets associated 
with decreased serum calcium (Table 46.12). 

Diagnosis of rickets is usually made by radiographic examina- 
tion of the long bones. Laboratory values can support the diagnosis. 


Laboratory values may show decreased calcium and phosphorus, 
increased alkaline phosphatase, decreased 25-(OH) vitamin D; levels, 
increased 1,25-(OH), vitamin D levels, and increased parathyroid 
hormone (PTH) levels. The increased PTH is indicative of the 
hormonal response that tries to maintain normal calcium (Table 
46.13). The appropriate treatment depends on the underlying 
etiology. 


Acid—base and electrolyte disturbances have many causes that reflect 
abnormalities of regulation or compensation of these systems. For 
many acid-base or electrolyte disturbances, the underlying condition 
needs to be treated before consideration of the electrolyte or acid-base 


disturbance. This is true in all causes of shock, such as dehydration, 
adrenal crisis, or systemic hemorrhage. The circulating blood volume 
must be quickly reestablished; this is usually performed as part of the 
resuscitation phase of treating dehydration or shock. Thereafter, 
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TABLE 46.11 Clinical Features of Rickets 
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Protruding abdomen 

Muscle weakness (especially proximal) 
Fractures 


Head 

Craniotabes 

Frontal bossing 

Delayed fontanel closure 
Delayed dentition; caries 
Craniosynostosis 


Chest 

Rachitic rosary 

Harrison groove 

Respiratory infections and atelectasis* 


Back 
Scoliosis 
Kyphosis 
Lordosis 


Extremities 

Enlargement of wrists and ankles 

Valgus or varus deformities 

Windswept deformity (combination of valgus deformity of 1 leg with varus 
deformity of the other leg) 

Anterior bowing of the tibia and femur 

Coxa vara 

Leg pain 


Hypocalcemic Symptoms: 
Tetany 

Seizures 

Stridor due to laryngeal spasm 


*These features are most commonly associated with the vitamin 
D deficiency disorders. 

‘These symptoms develop only in children with disorders that 
produce hypocalcemia. 


From Greenbaum LA. Rickets and hypervitaminosis D. In: Kliegman 


RM, Stanton BF, St Geme JW, et al., eds. Nelson Textbook of 
Pediatrics. 20th ed. Philadelphia: Elsevier; 2016:332. 


TABLE 46.12 Causes of Rickets 


Vitamin D Disorders 

Nutritional vitamin D deficiency 

Congenital vitamin D deficiency 

secondary vitamin D deficiency 
Malabsorption 

Increased degradation 

Decreased liver 25-hydroxylase 

Vitamin D—dependent rickets type 1A and 1B 
Vitamin D—dependent rickets type 2A and 2B 
Chronic kidney disease 


Calcium Deficiency 

Low intake 

Diet 

Premature infants (rickets of prematurity) 
Malabsorption 

Primary disease 

Dietary inhibitors of calcium absorption 


Phosphorus Deficiency 
Inadequate intake 

Premature infants (rickets of prematurity) 
Aluminum-containing antacids 


Renal Losses 

X-linked hypophosphatemic rickets * 

Autosomal dominant hypophosphatemic rickets* 
Autosomal recessive hypophosphatemic rickets (1 and 2)* 
Hereditary hypophosphatemic rickets with hypercalciuria 
Overproduction of fibroblast growth factor-23 
Tumor-induced rickets* 

McCune—Albright syndrome* 

Epidermal nevus syndrome 

Neurofibromatosis* 

Fanconi syndrome 

Dent disease 

Distal renal tubular acidosis 


*Disorders secondary to excess fibroblast growth factor-23. 

From Greenbaum LA. Rickets and hypervitaminosis D. In: Kliegman 
RM, Stanton BF, St Geme JW, et al, eds. Nelson Textbook of 
Pediatrics. 20th ed. Philadelphia: Elsevier; 2016:332. 


TABLE 46.13 Laboratory Findings in Various Disorders Causing Rickets 


Disorder i PTH 25-(OH)D 
Vitamin D deficiency j | 


Chronic kidney disease 


Dietary PI deficiency 


Tumor-induced rickets 
Fanconi syndrome 
Dietary Ca deficiency 


1,25-(OH),D Alk Phos Urine Ca Urine Pi 
INT T | 

| N,v 

| 


L, decreased; T, increased; TT, extremely increased; 1,25-(OH),D, 1,25-dihydroxyvitamin D; 25-OHD, 25-hydroxyvitamin D; ADHR, autosomal 
dominant hypophosphatemic rickets; Alk Phos, alkaline phosphatase; ARHR, autosomal recessive hypophosphatemic rickets; Ca, calcium; 
HHRH, hereditary hyopophosphatemic rickets with hypercalciuria; N, normal; Pi, inorganic phosphorus; PTH, parathyroid hormone; RD, relatively 
decreased (because it should be increased given the concurrent hypophosphatemia); VDDR, vitamin D-dependent rickets; XLH, X-linked 
hypophosphatemic rickets. 

From Greenbaum LA. Rickets and hypervitaminosis D. In: Kliegman RM, Stanton BF, St Geme JW, et al., eds. Nelson Textbook of Pediatrics. 
20th ed. Philadelphia: Elsevier; 2016:333. 


specific acid-base or, more often, electrolyte abnormalities can be 
attended to during the replacement phase to correct electrolyte deficits. 
In general, electrolyte disturbances must be corrected slowly. This is 
particularly true for sodium abnormalities. The major exceptions are 
hyperkalemia and acute hypercarbic respiratory acidosis, which must 
be treated immediately. 

Each of the discussed acid—base and electrolyte disturbances are 
important, and hyperkalemia remains the one of most concern and 
the most dangerous. 
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Anuria, hypotension, weight loss, seizures, coma, hypoglycemia or 
hyperglycemia, apnea, and arrhythmias are additional concerning 
signs and symptoms. Moreover, the clinician must remain vigilant in 
identifying the primary reason or reasons for any of these acid—base 
or electrolyte disturbances. 
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SECTION 11 


Dermatology 


Congenital Cutaneous Lesions and Infantile Rashes 


Neonates and infants can have a variety of congenital birthmarks and 
transient rashes, some very common and others more rare. The chapter 
is organized by the primary cutaneous lesion seen on clinical examina- 
tions (Table 47.1). 


RASHES 
Papules and Pustules—Diffuse or Scattered 


Erythema toxicum is a benign condition that occurs in 30-70% of 
white full-term infants. Erythema toxicum occurs less frequently in 
premature infants. The eruption is characterized by blotchy, erythe- 
matous macules or patches with central papules, pustules, or vesicles 
that give the infant a “flea-bitten” appearance (Fig. 47.1). The lesions 
develop most commonly between the 2nd and 4th days after birth; 
however, they may appear during the Ist 2-3 weeks. They are self- 
limiting and usually resolve within several days. Typical sites of involve- 
ment include the face, trunk, and proximal extremities. There may be 
very few to hundreds of lesions. 

A Giemsa or Wright stain of the intralesional contents reveals sheets 
of eosinophils with a relative absence of neutrophils. Peripheral eosino- 
philia may be present in up to 20% of affected infants. Erythema 
toxicum is occasionally confused with transient neonatal pustular 
melanosis, congenital cutaneous candidiasis, impetigo neonatorum, 
milia, herpes simplex, or miliaria rubra (prickly heat). 

Transient neonatal pustular melanosis, seen in up to 4% of neo- 
nates, occurs more often in African-American infants. Typically present 
at birth, the initial lesions are 2- to 5-mm pustules distributed over the 
face, neck, and upper chest and, less often, on the sacrum, trunk, thighs, 
palms, and soles (Fig. 47.2). In contrast to the lesions of erythema 
toxicum, there is no erythema surrounding each pustule, and Wright 
stain of pustular contents reveals many neutrophils. In both disorders, 
the pustules are sterile and should be distinguished from those seen in 
potentially serious infections caused by herpes simplex virus (HSV), 
Staphylococcus aureus, or Candida species. 

The superficial pustules of transient neonatal pustular melanosis 
rupture spontaneously within the lst few days after birth, leaving 
hyperpigmented macules that have collarettes of fine scale. It is 
common to see only the hyperpigmented macules at birth. These 
brown spots slowly fade over several weeks to months. 

Miliaria results from sweat retention and is exacerbated by heat 
and humidity. Affected newborns are frequently in incubators or 
receiving phototherapy. Keratinous plugging of the eccrine ducts and 
subsequent release of eccrine sweat into the surrounding skin produces 
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2 distinct clinical manifestations with different sites of eccrine duct 
obstruction. In miliaria crystallina, obstruction occurs just below the 
stratum corneum, resulting in superficial, noninflammatory 1- to 
2-mm vesicles. In miliaria rubra, or “prickly heat,” obstruction occurs 
in the mid-epidermis. This is associated with an inflammatory response 
exhibited by vesicles, papules, or papulovesicles surrounded by a rim 
of erythema. The lesions occur in clusters on the trunk, face, scalp, and 
intertriginous regions. Neither type of miliaria warrants therapy, but 
improvement occurs with cooling of the skin and avoidance of exces- 
sive warmth and moisture. 

Eosinophilic pustular folliculitis is another disorder of infancy 
characterized by recurrent crops of vesicles and pustules, beginning in 
the Ist year of life. Lesions are often present on the forehead and scalp. 
The condition tends to occur in a cyclic pattern and is very pruritic. 
Scraped material from the pustules subjected to Wright stain demon- 
strates a large number of eosinophils but no evidence of infectious 
organisms. A complete blood cell count may show peripheral eosino- 
philia. In rare cases, skin biopsy may be necessary. Histopathologic 
study demonstrates a perifollicular and dermal infiltrate of eosino- 
phils, as well as lymphocytes and histiocytes. Because the clinical con- 
dition is very similar to infantile acropustulosis, some authors contend 
that eosinophilic pustular folliculitis may be part of the same clinical 
spectrum. This condition is not associated with systemic disease, and 
the Ist-line treatment is symptomatic with topical corticosteroids and 
antihistamines. Oral and topical indomethacin has been effective in 
recalcitrant cases. Eosinophilic pustular folliculitis usually resolves 
spontaneously by 2-3 years of age. 

Acropustulosis of infancy is a condition that may present at birth 
or during the Ist few weeks or months afterward. The disorder is 
characterized by recurrent eruptions of pruritic pustules or vesicles 
involving the hands and feet (Fig. 47.3). On occasion, involvement 
includes other sites such as the trunk or abdomen. The lesions fre- 
quently begin in crops, which typically last approximately 1 week, 
and resolve with desquamation, followed by postinflammatory 
hyperpigmentation. 

Acropustulosis is often confused with infantile scabies. Family history 
and examination of scrapings of the involved area may help differ- 
entiate between these 2 diagnoses. However there is some thought 
that it may occur after a previous scabies infection. Scrapings of 
lesions in acropustulosis often demonstrate neutrophils. Bacterial 
infection should also be ruled out by wound cultures. Treatment is 
symptomatic and consists of control of pruritus with low- to mid- 
potency topical corticosteroids and antihistamines. Parents should be 
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TABLE 47.1 


Rashes 


Papules and Pustules 
Erythema toxicum 


Transient neonatal pustular 
melanosis 


Miliaria 

Eosinophilic pustular 
folliculitis 

Acropustulosis of infancy 

Neonatal cephalic pustulosis 
(neonatal acne) 


Langerhans cell histiocytosis 


Herpes simplex virus 


Varicella 


Scabies 


Syphilis 


Patches and Plaques 
Neonatal lupus 


Seborrheic dermatitis 


Diaper dermatitis 


Fixed Lesions 
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Occurs 1st few days of life. 
Blotchy red macules with central papule, 
pustule, or vesicle. 


Present at birth. 

More common in African-American infants. 

Pustules resolve with hyperpigmented 
macules. 


Associated with overheating. 
Vesicles and pustules in occluded areas. 


Onset during infancy. 
Pruritic pustules on the head and neck. 


Onset during infancy. 
Pruritic pustules on the hands and feet. 


Pink papules, predominately on face. 


Crusted papules, predominately on the scalp 
and intertriginous areas. 


Onset from birth to 2 wk. 
Grouped vesicles and papulopustules favor 
scalp and trunk. 


Diffuse vesicles and papules. 
Associated with sepsis, fever/hypothermia. 


Pruritic papules, vesicles, and pustules. 
Can be widespread in infants, but 
concentrated in intertriginous areas. 


Widely scattered scaly red-brown papules and 
plaques 


Bright red annular patches and plaques 
distributed on cheeks and periorbital skin. 

Heart block is most common extracutaneous 
finding. 

Pink patches on the scalp, face, ears, and 
intertriginous areas. 

May have yellow, greasy scale. 

Erosions and fissures can be seen. 


Pink patches with erosions in the groin and 
buttocks. 
Can be multifactorial. 


Macules, Papules, and Pustules 


Milia 


sebaceous gland hyperplasia 


Pinpoint white-yellow papules without 
erythema. 

Typically on face, gingiva, or palate. 

Resolves with time. 


Skin-colored to yellow tiny papules on cheeks 
and nose. 

secondary to maternal androgens. 

Resolve in 1st few months. 
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Subcutaneous fat necrosis 


Juvenile xanthogranuloma 


Mastocytoma 


Urticaria pigmentosa 


Spider angioma 


Pyogenic granuloma 


Patches and Plaques 


Pink (Vascular or Other) 


Hemangioma 


PHACE/PELVIS 


Capillary malformation 


Nevus simplex 


Cutis marmorata 
telangiectasia congenita 


Kaposiform 
hemangioendothelioma 


Venous/lymphatic 
malformation 


Firm, indurated, tender plaques on back, arms, 
shoulders of newborns. 

Due to perinatal trauma, hypothermia, or 
hypoxemia. 

Monitor for hypercalcemia. 


solitary yellow-pink plaques on the face and 
scalp. 

May ulcerate and usually resolve 
spontaneously. 


Yellow to pink solitary plaques. 

Can urticate or swell with friction or rubbing. 

Composed of mast cells. 

Can be seen in infants but typically more 
common with toddlers. 


Condition with several mastocytomas. 

Rare in infants. 

Typically presents with lesions that will 
urticate. 

Over time, they become hyperpigmented. 

Rarely associated with systemic symptoms. 


Rare in infants. Small blanching capillaries 
with “feeder vessel” on the trunk and face. 


Solitary, small vascular papules that develop 
rapidly and bleed profusely. 

Typically seen in toddlers and occasionally 
infants. 


Benign vascular tumors, typically present in 
1st month of life. 

Grow rapidly for 1st several months and then 
involute slowly over a couple of years. 


Syndromes associated with hemangiomas in 
particular locations on the face or back. 


Stable, pink, vascular patches; typically 
unilateral. 

In V1 distribution, can be associated with 
Sturge-Weber syndrome 


Pink patches on glabella, eyelids, nape of 
neck, typically. 
Usually fade over 1st couple of years. 


Lacy, reticulated vascular patches. 
Do not resolve with rewarming of infant. May 
have atrophic changes or ulcerate. 


Rare vascular tumor. 

Firm, violaceous, and tends to proliferate. 

Can lead to consumptive 
coagulopathy(Kasabach—Merritt syndrome) 


Slow-flow vascular malformations. 

Typically present at birth. 

May be associated with atrophy or 
overgrowth. 
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TABLE 47.1 Neonatal and Infantile Cutaneous Lesions—cont’d 


Hyperpigmented or Darker Pigment 
Congenital melanocytic Pigmented macules, papules, patches, and 
nevus plaques. 
Present in 2-3% of population. 


Neurocutaneous melanosis Defined by a giant melanocytic nevus. 
Associated with melanocytic infiltration of 
leptomeninges. 
Clinically symptomatic lesions have worse 
prognosis. 
Café-au-lait macules Well-demarcated tan macules or patches. 
seen in 10-20% of population. 
Multiple lesions can be associated with 
neurofibromatosis. 


Dermal melanocytosis Large, poorly demarcated, slate-gray to blue 


patches on buttocks and lumbosacral region. 


Occurs normally in darker skin tones. 
Typically fades over time. 


Hypopigmented or Depigmented 
Nevus depigmentosus Hypopigmented patch that persists 
through life. 


Ash leaf spots Hypopigmented macules that present in 1st 
few months to years of life. 
Typically seen with tuberous sclerosis. 


Piebaldism Well-circumscribed areas of depigmentation 
on the skin. 
Tends to be symmetric and stable in size. 


Waardenburg syndrome White forelock, white patches on skin. 
Can have heterochromia of irides and 
hearing loss. 


Albinism Diffuse congenital hypopigmentation of skin. 
Usually involves eyes and hair. 
Should be monitored closely by 
ophthalmologists. 
Evaluate for hearing loss. 
Patients need lifelong photoprotection. 


Other 
Nevus sebaceus 


Dermoid cyst 


Aplasia cutis 


Hair collar sign 


Hypertrichosis of lumbar 
area 


Sacral dimples 


sebaceous gland hamartoma, usually present 
at birth. 

Yellow-orange and smooth plaque. 

Thickens during puberty. 


Typically found in head/neck region. 
Potential for intracranial connection. 


Congenital absence of skin, typically on scalp. 
Can resemble scars when child is older. 


Ring of dense, darker hair encircling a 
scalp lesion. 
Can be a sign of spinal dysraphism. 


Normal variant in certain ethnicities. 
Can be indicator of spinal dysraphism. 


Commonly seen. 

Large dimples along gluteal crease need to be 
evaluated for spinal dysraphism. 

Can be associated with hypertrichosis. 


Transient/Changing Lesions 


Patches 
Segmental 
Cutis marmorata 


Diffuse 
Harlequin color change 


Distal Extremities 
Acrocyanosis 


Lacy, reticulated vascular patches, often 
bilateral. 

Resolve with warming of infant and disappear 
over time. 


Marked erythema on dependent side. 

Simultaneous blanching on non- 
dependent side. 

Transient. 


Bluish-purple discoloration of hands, feet, lips. 
Occurs with crying and cold stress. 


PHACE, posterior fossa malformations, hemangiomas, arterial anomalies, cardiac defects, and eye abnormalities; PELVIS, perineal hemangioma, 
external genitalia malformations, lipomyelomeningocele, vesicorenal abnormalities, imperforate anus, and skin tag. 


FIGURE 47.1 Papules surrounded by erythema are characteristic of 
erythema toxicum. Typically it is located on the trunk, but can be on 
the extremities as well. 
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FIGURE 47.2 Transient neonatal pustular melanosis. Papules and 
papulopustules that rupture to leave a collarette of fine scales and 
eventual hyperpigmentation. (From Paller AS, Mancini AJ. Cutaneous 
disorders of the newborn. In: Paller AS, Mancini AJ, eds. Hurwitz Clini- 
cal Pediatric Dermatology. 4th ed. Philadelphia: Elsevier; 2011:18.) 
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papules and pustules on the palm of this 4-month-old girl. (From Paller 
AS, Mancini AJ. Cutaneous disorders of the newborn. In: Paller AS, 
Mancini AJ, eds. Hurwitz Clinical Pediatric Dermatology. 4th ed. Phila- 
delphia: Elsevier; 2011:19.) 
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FIGURE 47.4 Neonatal acne (cephalic pustulosis) is usually found on 
the cheeks and scalp in the 1st 2-4 weeks of life; small red papules and 
pustules without comedones are evident. (Modified from Eichenfield 
LF, Frieden lJ, Esterly NB. Textbook of Neonatal Dermatology. Phila- 


delphia: Saunders; 2001:94.) 


advised that lesions tend to occur episodically until approximately 
2-3 years of age. 

Neonatal cephalic pustulosis (neonatal acne) develops in approxi- 
mately 20% of newborns. Typically, it is not present at birth, but 
appears during the 1st few weeks after birth. Characterized by papules 
and pustules located on the face or trunk, this condition usually 
resolves within the 1st several months of life (Fig. 47.4). Neonatal acne 
is a misnomer as neonatal cephalic pustulosis is likely caused by Malas- 
sezia yeast species. Therapeutic intervention is rarely required, but 
ketoconazole 2% cream may be of some use. 

Langerhans cell histiocytosis (LCH) is a rare disorder, affecting 
about 5 per 1 million children, which is characterized by a proliferation 
of clonal dendritic cells, called Langerhans cells. There are 4 main 


FIGURE 47.5 “Raccoon eyes” eruption of neonatal lupus erythema- 
tosus. (From Eichenfield LF, Frieden IJ, Esterly NB. Textbook of Neo- 
natal Dermatology. Philadelphia: Saunders; 2001:297.) 


types, 2 of which are most frequently seen in neonates and infants, 
though there is substantial overlap among the types. 

Congenital self-healing reticulohistiocytosis (Hashimoto—Pritzker 
disease) typically presents at birth or within the 1st few days of life and 
is limited to the skin. There is a diffuse eruption of red to purple-brown 
papules and nodules that will crust and remit after several weeks. While 
it is considered a benign, self-limited condition, it can rarely progress 
to other more aggressive forms of LCH. 

Letterer—Siwe disease is the more acute, diffuse form of LCH that 
has multisystem involvement. It commonly presents before 1 year of 
age with the majority of patients having skin findings of small 1- to 
2-mm papules, pustules, and vesicles, typically on the scalp, intertrigi- 
nous areas, and trunk. The lesions are often crusted and may have 
secondary bacterial infections. Fissures and confluence of papules can 
be seen. It can be confused with seborrheic dermatitis, and other forms 
of diaper dermatitis (Table 47.1). 


Patches and Plaques 


Patches are confluent, flat lesions over 1 cm in size, while plaques are 
slightly raised lesions over 1 cm in size. Many of these conditions have 
overlapping features but can often be distinguished by their location, 
distribution, and response to certain treatments (Table 47.1). 

Neonatal lupus erythematosus is a unique annular erythematous 
eruption during the neonatal period. Lesions of neonatal lupus are 
often scaly, annular plaques that usually occur on the face and scalp 
and may affect the periorbital and malar areas, creating a “raccoon 
eyes” appearance (Fig. 47.5). Other manifestations may include tran- 
sient hypopigmentation with epidermal atrophy or telangiectasia. 
Cutaneous lesions may be present at birth but often appear within the 
Ist 2-3 months of life. The lesions are usually exacerbated by sun 
exposure and are typically photodistributed. The majority of skin find- 
ings are transient, lasting up to 6-9 months. 
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Cutaneous findings or congenital heart block are each present indi- 
vidually in approximately 50% of affected infants; some studies have 
shown congenital heart block to be much less common. An overlap of 
both is present in approximately 10% of affected infants. The major 
morbidity and mortality of neonatal lupus result from congenital heart 
block. 

The diagnosis of neonatal lupus includes examination of anti-Ro, 
anti-La, and anti-UIRNP autoantibodies in both the infant and 
mother. Ninety-five percent of mothers of infants with neonatal lupus 
have anti-Ro antibodies. Skin biopsy is usually not necessary. Work-up 
should include an electrocardiogram (ECG), platelet count, and liver 
function tests because approximately 5-10% of affected infants have 
liver disease or thrombocytopenia. Rare reports of multisystem 
involvement, including neurologic and respiratory findings have been 
reported. 

Mothers with high titers of anti-Ro antibodies or with systemic 
lupus erythematosus have a higher risk of delivering an infant with 
neonatal lupus and should be counseled appropriately. Despite high 
antibody titers, fewer than half of mothers of affected infants are 
symptomatic at the time of delivery. In most of these mothers, evidence 
of connective tissue disease, usually Sjogren syndrome or subacute 
cutaneous lupus, develops over time. 

Differential diagnosis should include annular erythema of infancy, 
tinea corporis, and cutis marmorata telangiectatica congenita (CMTC). 
Treatment consists of photoprotection and topical steroids. Most cuta- 
neous changes resolve spontaneously by 6-9 months of age as a result 
of a gradual decrease in maternal antibodies. 

Seborrheic dermatitis, common during infancy, typically mani- 
fests within the Ist several weeks after birth. Characterized by ery- 
thema and a yellow, greasy scale, it usually resolves spontaneously 
within several months. The eruption occurs at sites where sebaceous 
glands are concentrated, such as the face, chest, posterior auricular 
scalp, and intertriginous areas. Malassezia colonization plays a part in 
the development of seborrheic dermatitis. “Cradle cap” is seborrhea 
that is confined to the scalp. Involvement of the diaper area is charac- 
terized by salmon-colored patches that arise in skin folds and spread 
to the genitalia, suprapubic area, and upper medial thighs. Scale may 
not be as apparent in intertriginous areas. Unlike atopic dermatitis, this 
eruption is not very pruritic. Secondary candidal or bacterial infection 
is common, particularly if erosions or fissures are seen. 

The diagnosis is established clinically. The presence of greasy yellow 
scales and salmon-colored patches, involvement of the scalp and inter- 
triginous areas, early onset, and lack of pruritus or atopic history help 
distinguish seborrheic from atopic dermatitis. However, some infants 
have an overlap of seborrheic dermatitis and atopic dermatitis. Sebor- 
rheic dermatitis should also be differentiated from LCH, in which the 
lesions are typically purpuric, erosive, or crusted; and from psoriasis 
(see Chapter 48). Skin biopsy findings, as well as hepatosplenomegaly, 
purpura, lymphadenopathy, anemia, thrombocytopenia, external 
otitis, interstitial pneumonia, and osseous lesions, further distinguish 
LCH from seborrheic dermatitis. 

Treatment of the scalp consists of mild keratolytic shampoos, such 
as those containing selenium sulfide or zinc pyrithione. Ketoconazole 
2% shampoo can be efficacious, particularly with controlling over- 
growth of the yeast. Mineral oil may be helpful in removing thick, 
adherent scales. The scalp and diaper dermatitis may be treated with 
low-potency topical corticosteroids and barrier ointments. Topical 
antifungal or antibacterial agents should be used for coexisting candi- 
diasis or impetigo. 

Diaper dermatitis is 1 of the most common dermatologic disorders 
of infants and toddlers (Table 47.2). It comprises a group of inflam- 
matory conditions that involve the lower abdomen, genitalia, upper 


thighs, and buttocks. Clinical manifestations include erythema, edema, 
erosions, vesicles, and pustules. Secondary changes of postinflamma- 
tory hyperpigmentation or hypopigmentation are common. 

Diaper dermatitis is often multifactorial, including irritation from 
feces/urine, skin breakdown from maceration, and bacterial or fungal 
components. Although urinary ammonia was thought to be the 
primary factor in the development of diaper dermatitis, feces now 
appear to play a more important role. Fecal ureases, by converting urea 
to ammonia, cause the elevation of skin pH, which in turn, increases 
fecal protease and lipase activity. These proteases and lipases cause the 
disruption of the epidermal barrier. Skin wetness, friction, maceration, 
and contact with feces, urine, and microbes further compromise epi- 
dermal integrity. This results in increased permeability of the skin to 
irritants such as soaps, powders, and detergents. Diaper dermatitis may 
begin as early as 1-2 months of age and may become a chronic or 
recurrent problem in older infants as well. 

Allergic contact dermatitis is another component to consider, 
although it is more common in toddlers and children than neonates. 
Offenders can be dispersed dyes from disposable diapers and methyl- 
isothiazolinone in wet wipes. The differential diagnosis may also 
include seborrheic dermatitis, skin or perianal infections (particularly 
due to group A streptococcus), and psoriasis (see Chapter 48). 


FIXED LESIONS 
Macules, Papules, and Pustules 


Milia are pinpoint white or yellow papules that are commonly present 
in 40-50% of neonates. Located predominantly on the face, they may 
also be seen in the oral cavity, where they are referred to as Epstein 
pearls (palate) or Bohn nodules (gingiva). The lesions represent 
keratin-filled epidermal inclusion cysts, which usually resolve spon- 
taneously during the 1st few weeks of life. Unusually widespread or 
persistent lesions may be associated with defects such as hereditary 
trichodysplasia, oral—facial—digital syndrome, or particular subtypes 
of epidermolysis bullosa. Milia may be present in several genoder- 
matoses, including Bazex—Christol-Dupre, Rombo, Brook—Spiegler 
syndromes, atrichia with papular lesions, and pachonychia congenita, 
type 2. 

Sebaceous gland hyperplasia is characterized by the presence of 
multiple flesh- to yellow-colored tiny papules primarily on the nose 
and cheeks of full-term infants. The increased sebaceous cell size and 
number as well as sebaceous gland volume may result from maternal 
androgen stimulation. Spontaneous resolution occurs within the Ist 
4-6 months of life. 

Subcutaneous fat necrosis is a condition of otherwise healthy 
infants that is associated with preceding trauma, cesarean section, cold 
injury, or hypoxia. This disorder occurs primarily in healthy full-term 
and postmature infants. Single or multiple erythematous to violaceous, 
indurated, tender nodules or plaques arise on the buttocks, thighs, 
back, cheeks, and arms. In rare cases, lesions liquefy, ulcerate, and drain 
an oily substance (Fig. 47.6). The diagnosis can be confirmed by the 
histopathologic findings of fat lobules containing pathognomonic 
needle-shaped clefts surrounded by a mixed inflammatory infiltrate of 
lymphocytes, histiocytes, and foreign body giant cells. Intact lesions 
heal spontaneously within several months, whereas ulcerated lesions 
may heal more slowly and result in scarring. All patients should be 
screened for hypercalcemia, which may be present in nearly 70% 
of patients. Fortunately, hypercalcemia tends to be asymptomatic, 
without evidence of irritability, hypotonia, or weight loss, though life- 
threatening hypercalcemia may occur. The hypercalcemia may be 
delayed, with normal serum calcium early in the course of this disorder 
but elevated levels arising several weeks later. 
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TABLE 47.2 Diaper Dermatitis 


Disease Clinical Manifestation 

Friction Inner surface of thighs, genitalia, buttocks, 
abdomen. 

Irritant Mild erythema with shiny surface and 


occasional papules. 
Confined to convex surfaces. 
Spares intertriginous areas. 


Allergic contact Typically confined to convex surfaces. 

Skin involved is in direct contact with offending 
agent. 

Mild cases: diffuse erythema, papules, vesicles, 
scaling. 

severe Cases: papules, plaques, psoriasiform 
lesions, ulcerations, infiltrative nodules. 


seborrheic dermatitis Salmon-colored patches. 
Often have yellow, greasy scale. 
Fissures, erosions, maceration, and weeping can 


be seen. 


Candidiasis Usually involves intertriginous areas and convex 
Surfaces. 
Bright-red papules and plaques. 


Satellite lesions on abdomen and thighs. 


Intertrigo Well-demarcated, macerated plaques with 
weeping. 

Gluteal cleft and fleshy folds of thighs. 

Bright red, scaly, well-demarcated plaques. 

Can persist for months. 


Less responsive to topical treatment. 


Psoriasis 


Staphylococcal infection Many thin-walled pustules with pink-red base. 


Collarette of scale after rupturing. 


Acrodermatitis Early lesions are vesicular and pustular. 
enteropathica (zinc Become confluent, pink, dry, scaly, crusty 
deficiency) plaques. 


Langerhans cell 
histiocytosis 


May mimic candidiasis or seborrheic dermatitis. 

Persistent, does not improve with standard 
treatments. 

Clusters of infiltrative, crusted, hemorrhagic 
papules. 

Ulceration can be seen. 


Juvenile xanthogranulomas (JXGs) are rare, benign, solitary col- 
lections of non-Langerhans cell histiocytes, thought to be reactive in 
nature. They typically present during the neonatal and infantile period 
and usually resolve over subsequent months or years. Multiple lesions 
may exist and should raise suspicion for extracutaneous disease. The 
incidence of extracutaneous JXG is rare, and the eye is thought to be 
the most common site, occurring in 0.3-0.5% of patients. Multiple 
JXGs should trigger a thorough review of symptoms, as neurofibro- 
matosis (NF)-1 is associated with multiple JXGs. Recommendations 
for ophthalmology examinations are somewhat controversial but 
should be considered in patients with multiple lesions and those 
younger than 2 years of age. A skin biopsy is diagnostic and shows 
collections of histiocytes and multinucleated giant cells called Touton 
giant cells. 


Other Features 


Course waxes and wanes. 
Aggravated by talc. 


Exacerbated by heat, moisture, and 
sweat retention. 


Often related to topical antibiotics 
(neomycin, bacitracin). 

Certain emulsifiers in topical products. 

Preservatives in wet wipes can be an 
offender. 


Axillae, ear creases, and neck are 
often involved. 

“Cradle cap” on scalp. 

Hypopigmentation often seen in 
patients with darker skin tones. 


Oral thrush may be present. 

Often occurs after treatment with 
systemic antibiotics or local topical 
steroid use. 


May be associated with miliaria. 


Red, sometimes scaly. 


Can be present on extremities or trunk. 


Nail changes seen. 
Family history. 


Perioral skin typically also involved. 
Irritability or listlessness. 
Failure to thrive, alopecia, diarrhea. 


Involvement of groin, axillae, 


periauricular skin, hairline, and scalp. 


Anemia, thrombocytopenia, 
hepatosplenomegaly, and osseous 
lesions. 


Treatment 


Responds well to diaper changes. 
Avoidance of diapers. 


Gentle cleansing. 

Regular diaper changes. 

Barrier creams (zinc oxide, Vaseline). 

Low-potency topical steroids can 
help. 

Remove offending agent. 

Judicious use of low-potency topical 
steroids. 

Barrier creams/ointments. 


Low-potency topical steroids. 
If coexistent infection—antifungal or 
antibacterial agents. 


Topical anticandidal agent, including 
nystatin. 


Avoiding excessive heat. 
Cool clothing. 


Low-potency topical steroids. 
Moisturizers. 


Antistaphylococcal therapy. 


Secondary to zinc deficiency or inborn 
error of zinc transporter. 
Treat with zinc replacement. 


Chemotherapy. 


A mastocytoma is a solitary skin-colored to light red or tan papule 
or plaque that is often located on the trunk, extremities, or neck. 
Some lesions may have a yellow or pink hue. The lesion may appear 
at birth or within the 1st few months of life. Histopathologic study 
reveals the dermis densely infiltrated with mast cells. The characteristic 
finding on physical examination is that stroking the lesion causes 
histamine release that results in tense edema within the lesion and 
an erythematous flare, known as the Darier sign. A skin biopsy and 
special stains for mast cells may confirm the clinical diagnosis. Symp- 
toms such as pruritus or flushing, when present, are usually mild. 
Treatment is not usually necessary unless the patient has symptoms 
of excessive histamine release. The condition is self-limited and 
resolves spontaneously over several years. The lesions do not need 
to be excised. 


CHAPTER 47 


FIGURE 47.6 Subcutaneous fat necrosis. Indurated, erythematous 
plaques on the shoulders and back of this 1-week-old boy. (From Paller 
AS, Mancini AJ. Cutaneous disorders of the newborn. In: Paller AS, 
Mancini AJ, eds. Hurwitz Clinical Pediatric Dermatology. 4th ed. Phila- 
delphia: Elsevier; 2011:14.) 
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FIGURE 47.7 Urticaria pigmentosa. 


Urticaria pigmentosa is characterized by the development of mul- 
tiple mastocytomas, usually within the 1st 8-12 months of life (Fig. 
47.7). The lesions may vary in size from a few millimeters to several 
centimeters. Some lesions may not become pigmented until the child 
is approximately 6 months of age or older. Therefore, early lesions of 
urticaria pigmentosa may resemble recurrent urticaria until pigmenta- 
tion is noted. The Darier sign, or urtication of the lesions upon 
rubbing, is seen in urticaria pigmentosa as well. Rarely, these lesions 
may produce enough histamine release to cause flushing, diarrhea, 
vomiting, tachycardia, and hypotension. Parents should be counseled 
about the avoidance of mast cell-degranulating agents. 

Antihistamines should be used in any patient who experiences 
prominent histamine effects. Patients should be monitored closely for 
any symptoms that suggest systemic mastocytosis. In rare cases, other 
organs may be involved, including the intestines, bone, liver, spleen, 
and bone marrow. Intestinal involvement may be manifested by 
chronic diarrhea. The liver and spleen should be palpated for hepato- 
splenomegaly, and the patient should be monitored for any symptoms 
of bone involvement. Routine bone marrow and hematologic exami- 
nations are not required. Systemic manifestations are more common 
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TABLE 47.3 Types of Vascular Tumors 
and Vascular Malformations 


Vascular Tumors Vascular Malformations 


Hemangioma 

Kaposiform hemangioendothelioma 

Tufted hemangioma 

Non-involuting congenital 
hemangioma (NICH) 

Rapidly-involuting congenital 
hemangioma (RICH) 


Capillary malformation 

Venous malformation 

Lymphatic malformation 
Arteriovenous malformation (AVM) 
Mixed 


TABLE 47.4 Differentiation of 
Infantile Hemangiomas Versus 
Vascular Malformations 


Vascular Malformations 
90% recognized at birth 


Static malformation of dysplastic 
vessels that grows proportionally 
with child 


Normal endothelial cell turnover 
and proliferation 


Infantile Hemangioma 
Up to 55% present at birth 
Rapid postnatal growth and slow 


involution 


Rapid endothelial cell turnover 


Increased incidence in girl-to-boy 
ratio (3:1-5: 1) 


Girl-to-boy incidence ratio 1:1 


in adults; infants or children with significant systemic symptoms may 
require further evaluation. In most infants and young children, urti- 
caria pigmentosa remits spontaneously by adulthood. Children who 
present at an older age tend to have a more persistent condition that 
is less likely to resolve. 


Plaques and Patches 

Pink (Vascular or Other) 

Vascular birthmarks can be classified into 2 groups: tumors and mal- 

formations (Table 47.3). Infantile hemangiomas are the most common 

of the vascular tumors, and their behavior is characterized by a growth 
phase (endothelial proliferation), followed by a plateau or stabilization 
phase and then an involutional phase. Vascular malformations are 
usually apparent at birth and tend to be relatively stable developmental 
abnormalities of vessels, including any combination of capillaries, 

veins, arteries, and lymphatic vessels (Table 47.4). 

Infantile hemangiomas are the most common benign tumors 
occurring in children. These lesions develop in approximately 4% of 
white infants by 1 year of age. Girls are affected approximately 3 times 
as often as boys. The incidence is higher in premature infants. Other 
risk factors for hemangiomas include low birthweight and multiple 
gestations. The natural course of infantile hemangiomas includes pro- 
liferative and involutional phases that end in complete, spontaneous 
regression in most cases. 

There are 3 types of infantile hemangiomas: 

1. Superficial hemangiomas, once referred to as strawberry marks, are 
the most common type (60%). They are bright red with well- 
demarcated borders (Fig. 47.8). Often, a pale pink stain or bruise- 
like patch is noted at birth before taking its more characteristic 
form. 
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FIGURE 47.8 A superficial hemangioma on the abdomen. 
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FIGURE 47.9 A mixed hemangioma with prominent deep component 
on the trunk. 


2. Deep hemangiomas, previously known as cavernous hemangiomas, 
are the least common of the 3 types (15%). They typically have a 
blue-violaceous to skin-colored surface. These lesions involve the 
deep reticular dermis and subcutaneous tissue. These may not be 
noted until the infant is a few months old. 

3. Mixed hemangiomas (25%) possess both superficial and deep com- 
ponents (Fig. 47.9). 

Most infantile hemangiomas occur on the head and neck, but any 
area of the body may be involved. Infantile hemangiomas may be 
indistinguishable from port-wine stains in the early weeks of life. 
Lesions must be followed closely during the 1st few weeks after birth 
to determine whether a proliferative phase is present. Although the 


cause of infantile hemangiomas is not clear, their natural course has 
been well documented. The initial lesion may be a white macule with 
central threadlike telangiectases or a red macule resembling a port- 
wine stain. A peripheral zone of pallor representing vasoconstriction 
may be noted at this stage. Within the lst few months of life, the 
macule becomes raised and enlarges. During the 1st 6 months of life, 
infantile hemangiomas proliferate at a rapid rate, and after 6 months, 
the lesions grow at a slower rate. Deep hemangiomas (and to a lesser 
extent mixed hemangiomas) have a slightly delayed onset of growth, 
but also have sustained growth when compared to superficial hem- 
angiomas. Involution may begin as early as the 1st year of life and is 
heralded by a color change from bright cherry red to dull red-violet. 
Deep hemangiomas start to lose their blue-violet hue. In time, the 
central portion of the superficial hemangioma develops a grayish- 
white color that eventually extends to the periphery of the lesion. 
Lesions on the lips and nose, and deep hemangiomas usually involute 
more slowly. It is not possible to predict precisely how long an infantile 
hemangioma will take to involute. Statistically, 50% of lesions are gone 
by 5 years of age, 70% by 7 years, and more than 90% by 9 years. 
Once resolved, residual skin changes such as hypopigmentation, 
atrophy, and telangiectases may be present in up to 10-20% of affected 
patients. If infantile hemangiomas have grown rapidly during their 
proliferative phase or were very exophytic, residual fibrofatty tissue 
may also be seen. 

Infantile hemangiomas have many potential complications and 
associations (‘Table 47.5). For most, no treatment is needed. Manage- 
ment of infantile hemangiomas is based on a variety of factors. These 
include the size of the lesion, location of the lesion, age of the patient, 
rate of growth/involution at the time of presentation, and risk or pres- 
ence of complications. Steroids used to be the mainstay of treatment, 
but now B blockers, such as oral propranolol or topical timolol 0.5% 
solution, are used more frequently, with much improved results. Sys- 
tematic reviews have shown a response rate in nearly 97% of cases with 
better efficacy and less toxicity of propranolol compared to steroids. 
The most common adverse events are sleep changes and cool extremi- 
ties, but more serious concerns are hypotension, bradycardia, hypo- 
glycemia, and hypoglycemic seizures, though these are rare. 

Lesions that may need to be treated include those on the midface, 
labial, periorbital, genital, or diaper area. These lesions warrant close 
clinical observation during the rapid growth phase of early infancy. 
Additional therapeutic modalities that are more rarely used include 
intralesional steroids, pulsed dye laser therapy, surgery, embolization, 
and sclerosing agents. 

Location of infantile hemangiomas (segmental on face or beard 
distribution) as well as on the spine and lower back should raise 
concern for PHACE syndrome or PELVIS/SACRAL syndrome, 
respectively. 

Posterior fossa malformations, hemangiomas, arterial anoma- 
lies, cardiac defects, and eye abnormalities (PHACE) syndrome is a 
rare syndrome that affects a subgroup of infants with infantile hem- 
angiomas. It is likely the most common vascular neurocutaneous dis- 
order. The cutaneous findings tend to be larger hemangiomas (>5 cm) 
and also tend to be segmental, rather than arising from 1 point. These 
hemangiomas can be more confluent, have a telangiectatic appearance, 
or be composed of grouped papules. They are nearly always located on 
the head or face. It is important to distinguish them from capillary 
malformations. Approximately 20% of all infants with segmental facial 
hemangiomas have extracutaneous anomalies. 

Criteria for PHACE syndrome include 1 facial hemangioma (>5 cm 
in diameter) plus 1 major criterion or 2 minor criteria. Major and 
minor criteria involve a group of cerebrovascular, structural brain, 
cardiovascular, ocular and ventral/midline defects. 
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TABLE 47.5 Complications and Syndromes of Infantile Hemangiomas 


Location Complication 


Lips/perineal/lumbosacral area 


seen in rapidly growing lesions, especially of oral mucosa and genital area 


Risk for infection, scarring, hemorrhage; can be very painful 


High output, extensive lesions 


Congestive heart failure; hypothyroidism 


Extensive lesions with a large vascular supply may compromise cardiac function 


“Beard” distribution 


Symptomatic subglottic hemangiomas may occur in 50—60% of patients with extensive “beard” involvement 


Refer for laryngoscopy to evaluate risk for respiratory or airway compromise 
Often manifests within 1st 2-3 mo of life 


Periorbital distribution 


Associated ocular complications in up to 80% of patients 


screening by an ophthalmologist to rule out astigmatism or amblyopia 


Ear lesions 


Location can cause the obstruction of auditory canal or decreased auditory conduction 


Monitor for otitis media or speech delay 


Lumbosacral hemangiomas 


High risk for spinal dysraphism; imaging of all midline lumbosacral hemangiomas should be considered 


Increased risk with other lumbosacral abnormalities (e.g., hypertrichosis, dimple, tags) 
Associated urogenital/anogenital anomalies may be present 


Large, extensive cervicofacial hemangiomas PHACE syndrome 


Benign neonatal hemangiomatosis 


Multiple cutaneous hemangiomas without evidence of visceral hemangiomatosis 


History taking/physical examination should be performed thoroughly to rule out systemic involvement 
Consider liver ultrasound for infants with >5 cutaneous hemangiomas 
Benign clinical course with involution of hemangiomas within 1st year 


Disseminated neonatal hemangiomatosis 


Multiple cutaneous hemangiomas with evidence of visceral hemangiomatosis 


Liver most commonly affected; can affect lungs, gastrointestinal tract, eyes, mouth, and tongue 
Work-up necessary to determine the extent of systemic involvement; aggressive treatment usually needed 


PHACE, posterior fossa malformations, hemangiomas, arterial anomalies, cardiac defects, and eye abnormalities. 


Cerebral vascular anomalies are the most common extracutaneous 
manifestation. The changes tend to be arterial, unlike Sturge-Weber 
syndrome, which involves capillaries. Imaging (magnetic resonance 
imaging [MRI]/magnetic resonance angiography [MRA] of head and 
neck) greatly aids in the work-up of a patient with a segmental hem- 
angioma on the face/head, looking for arterial changes, as a subset of 
patients are at increased risk for vasculopathy and ischemic stroke. 

Many congenital brain abnormalities have been noted in patients 
with PHACE syndrome: The most common ones are malformations 
of the posterior fossa and cerebellum. Most patients with congenital 
lesions will have normal neurologic examinations during infancy, thus 
screening should not be based on abnormalities with the neurologic 
examination. 

Cardiovascular anomalies may be seen on echocardiogram in up to 
40% of patients and include coarctation of the aorta (most common), 
aberrant subclavian aneurysm, ventricular septal defect, and arterial 
aneurysms. Ocular abnormalities are somewhat rare in PHACE syn- 
drome, but include microphthalmia, optic nerve hypoplasia, persistent 
fetal vasculature, and morning glory disc anomalies. Midline defects 
include sternal cleft, supraumbilical abdominal raphe, and subtle 
changes such as sternal pits, dimples, or papules can be seen. 

PELVIS, LUMBAR, and SACRAL syndrome are all different acro- 
nyms to describe disorders that include a segmental hemangioma of 
the perineal area or midline lower back with underlying abnormalities. 
The acronyms PELVIS (perineal hemangioma, external genitalia mal- 
formations, lipomyelomeningocele, vesicorenal abnormalities, imper- 
forate anus, and skin tag) and SACRAL (spinal dysraphism, anogenital 
anomalies, cutaneous anomalies, renal and urologic anomalies, associ- 
ated with angioma of lumbosacral localization) have been used to 
describe associations with occult spinal dysraphism. The risk of a 
spinal anomaly was 35% with a solitary lumbosacral hemangioma. 
MRI is more sensitive than ultrasound in evaluating for underlying 


spinal abnormalities in lumbosacral lesions, such as tethered cord. 
There seems to be less of a connection with isolated perineal heman- 
giomas, however. 

Capillary malformations (also known as port-wine stains or nevus 
flammeus) occur in 0.3% of all newborns. They are present at birth 
and represent progressive ectasia of the superficial vascular plexus. 
These lesions do not undergo spontaneous resolution. They are usually 
unilateral and segmental but can be bilateral (Fig. 47.10). The face and 
neck are the most commonly affected sites. Capillary malformations 
are typically pink to red during infancy and darken to reddish-purple 
hues with advancing age. Affected adults frequently have thickened, 
nodular port-wine stains that may be associated with soft tissue hyper- 
trophy. Capillary malformations occur as isolated cutaneous lesions or 
in conjunction with other abnormalities. 

Sturge—Weber syndrome includes ipsilateral association of a facial 
capillary malformation, almost always involving the V1 distribution of 
the trigeminal nerve, eye abnormalities (primarily glaucoma), and vas- 
cular malformations of the ipsilateral leptomeninges and brain. The 
incidence of Sturge-Weber syndrome is approximately 5-10% in 
infants with a capillary malformation of the V1 distribution of the 
trigeminal nerve. Consequences of Sturge-Weber syndrome may 
include seizures, developmental delay, hemiplegia, and glaucoma. Neu- 
roimaging may be helpful in demonstrating the characteristic calcifica- 
tions of the leptomeninges and the abnormal cerebral cortex, although 
these changes may be quite subtle with early studies. Newborns at risk 
for Sturge-Weber syndrome should have careful clinical follow-ups, 
including monitoring eye pressure for glaucoma. 

Other syndromes associated with capillary malformations include 
Klippel-Trenaunay syndrome and Parkes—Weber syndrome. Klippel- 
Trenaunay syndrome is characterized by a capillary malformation, 
venous and/or lymphatic malformation, and soft tissue and/or bone 
overgrowth of the affected limb. Parkes-Weber syndrome is the 
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FIGURE 47.10 Capillary malformation of the back and flank, extending 
down the right arm. 


association of arteriovenous malformations, limb overgrowth, and the 
variable presence of lymphedema and multiple arteriovenous shunts. 
Klippel-Trenaunay syndrome is a slow-flow capillary-venous malfor- 
mation, whereas Parkes—Weber syndrome is a fast-flow arterial-venous 
malformation. Both entities can result in overgrowth and hypertrophy 
of the affected limb; however, Parkes—Weber syndrome usually results 
in increased morbidity and clinical consequences. 

Treatment of a capillary malformation is best accomplished with 
the pulsed dye laser. Several treatments are generally required over 
months to years to achieve desired fading. Depending on the location 
of the capillary malformation, the response to the pulsed dye laser may 
be limited. Many experts believe that early initiation of pulsed dye laser 
therapy results in superior cosmetic results. 

Nevus simplex (salmon patch) is the most common vascular lesion 
in infancy. These lesions consist of ectatic capillaries and are present at 
birth in about 40% of infants. These pink to red macules can be located 
on the nape of the neck, glabella, forehead, upper eyelids, and nasolabial 
regions. More atypical locations include the lateral forehead, nose, 
upper and lower lip, and back. Unusually persistent or prominent nevus 
simplex can be associated with Beckwith-Wiedemann syndrome, 
Nova syndrome, nevus simplex with odontodysplasia, macrocephaly— 
capillary malformation syndrome, and Roberts-SC syndrome. 

No treatment is necessary because most of these fade by 1-2 years 
of age. Persistent lesions can be treated successfully with the pulsed dye 
laser if cosmetically disturbing. 

Cutis marmorata telangiectasia congenita (CMTC) manifests as 
an erythematous to dark, bluish-purple, reticulated vascular patch 
that does not resolve with physiologic warming. This disorder is 
characteristically more segmental and asymmetric than physiologic 
cutis marmorata. The clinical findings are most often noted within 
the Ist few days of life. Associated features may include cutaneous 
atrophy and ulcerations of the skin. CMTC has also been reported 
to be associated with additional abnormalities, including body asym- 
metry (hypotrophy or hypertrophy of affected limb), other vascular 
malformations, psychomotor or mental retardation, and glaucoma 


(with lesions in the V1/V2 trigeminal nerve distribution). CMTC 
may be difficult to differentiate from a reticulated capillary malfor- 
mation. The clinical course of CMTC is characterized by gradual 
fading within the Ist 1-2 years of life, and treatment is generally 
not required. 

Kasabach-Merritt phenomenon is the presence of thrombocyto- 
penia, hemolytic anemia, hypofibrinogenemia, and consumptive 
coagulopathy in association with a vascular tumor. Kasabach—Merritt 
phenomenon is associated with distinct vascular lesions: namely, kapo- 
siform hemangioendothelioma (KHE) or tufted angioma, but not 
infantile hemangiomas. KHE and tufted angiomas are rare vascular 
tumors thought to exist on a spectrum. Clinical examination findings, 
histologic findings, and the behavior of associated vascular tumors 
differ from those of conventional infantile hemangiomas. These lesions 
are often firm and violaceous with a shiny texture and may proliferate 
for several years. This condition can be life-threatening and may 
warrant aggressive multimodal therapeutic modalities. Treatment of 
choice is complete excision, if possible, but may not be feasible given 
location, size, or tissue infiltration. Vincristine has been considered the 
Ist-line agent of choice, but complete resolution is rare and is limited 
by neurotoxicity. Other treatments include sirolimus, high-dose sys- 
temic corticosteroids, compression therapy, embolization, irradiation, 
low-molecular-weight heparin, and interferon-alfa. Unlike infantile 
hemangiomas, KHE and tufted hemangiomas are not as responsive to 
propranolol. 

Venous and lymphatic malformations are slow-flow vascular mal- 
formations that are often present at birth. Venous malformations are 
bluish, poorly demarcated, compressible masses. The characteristic 
bluish hue is caused by the presence of ectatic venous channels in the 
dermis. Often there may be associated swelling with changes in posi- 
tion or activity. Venous malformations can be segmental or more gen- 
eralized, and radiologic imaging may assist in determining the extent 
of the lesion. Evaluation for central nervous system abnormalities with 
cranial imaging is recommended for patients with venous malforma- 
tions of the face, to rule out developmental intracranial venous abnor- 
malities that usually are asymptomatic. Many lesions manifest with 
pain caused by muscle involvement or with episodes of thrombosis or 
hematoma. Other associated risks include bone abnormalities (thin- 
ning, demineralization, or hypoplasia) and chronic localized intravas- 
cular coagulation. Treatment is aimed at correcting disfigurement and 
functional impairments. Therapy can include sclerotherapy, deep laser 
surgery, compression, and surgical excision. In many cases, it may be 
best to not intervene and to treat symptomatically. 

Lymphatic malformations, previously referred to as lymphangio- 
mas, are usually skin-colored masses that may have superficial clear or 
hemorrhagic vesicles that occasionally leak lymphatic fluid. These 
lesions can be classified as macrocystic, microcystic, or mixed. Macro- 
cystic malformations often occur on the head and neck and are fre- 
quently diagnosed by prenatal ultrasonography. When such a large 
lymphatic malformation occurs on the head and neck region, it is often 
referred to as cystic hygroma. Microcystic malformations are usually 
more superficial lesions with a “frog spawn” appearance (hemorrhagic 
and clear vesicles) that intermittently leak lymphatic fluid. This char- 
acteristic lesion was previously referred to as lymphangioma circum- 
scriptum. These lesions usually become more evident in childhood 
rather than infancy. Large lymphatic malformations may impinge on 
vital structures and cause severe compromise in the neonatal period. 
Cellulitis is a potential complication of lymphatic malformations and 
may require prophylactic antibiotics if recurrent. Treatment includes 
sclerotherapy and surgery in select lesions, though surgical therapy of 
these lesions is often difficult and may result in recurrences and 
complications. 
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TABLE 47.6 Congenital and Acquired Disorders of Hyperpigmentation 


Disorder Congenital or Acquired 


Freckles (ephelides) Acquired 


Lentigines 


Acquired 


Café-au-lait spots Congenital or acquired 


Dermal melanocytosis 
(Mongolian spot) 


Congenital 


Nevus of Ota Congenital or acquired 


Nevus of Ito Congenital or acquired 


Congenital melanocytic nevus Congenital 


Nevus spilus (speckled 
lentiginous nevus) 


Congenital or acquired 


Acquired melanocytic nevi Acquired 


Melanoma Acquired 


Hyperpigmented or Darker Pigmented Lesions 


Several hyperpigmented or darker pigmented lesions can be seen 
during the neonatal period and infancy, while others can present later 
in childhood (Table 47.6). 

Congenital melanocytic nevi are pigmented macules, papules, 
patches, or plaques that are present at birth or early infancy in approxi- 
mately 2-3% of children. The lesions are often tan at birth and become 
darker and hairier during infancy and childhood. Congenital nevi can 
be divided into small (<1.5 cm), medium (1.5-20 cm), large (20-40 cm), 
and giant (>40 cm) lesions on the basis of their final adult size. In 
neonates and infants, lesions larger than 9 cm on the head and larger 
than 6 cm on the body constitute giant congenital melanocytic nevi 
(Fig. 47.11). Most congenital melanocytic nevi are small to medium in 
size. The incidence of giant melanocytic nevi is approximately 1/20,000 
live births. 

The malignant potential of congenital melanocytic nevi remains an 
area of great controversy. The risk for malignant transformation in the 
general population for small and medium congenital nevi is thought 
to be less than 1%, and there are no universal guidelines for their 


Clinical Features 


Small tan to brown, 1- to 5-mm macules. 
Increase in number and pigmentation in summer and spring due to sunlight. 
Seen in fair-skinned individuals in sun-exposed areas. 


Uniform, dark, brown/black 2- to 5-mm macules. 
No seasonal variation or change with sun exposure. 
Can be anywhere on the body, including mucous membranes. 


May be seen at birth or later in life. 

Tan to brown discrete macules or patches. 

Round or oval. 

6 or more lesions >5 mm in prepubertal persons meets diagnostic criteria for 
neurofibromatosis (NF). 

NF lesions are smooth and well demarcated 

McCune—Albright syndrome spots are larger and more jagged. 


Brown, blue-gray patches often seen on lower trunk. 
seen usually in African-Americans, Asians, or Native Americans. 
Usually fades over time. 


50% present at birth; 50% develop in 2nd decade. 

Unilateral, blue-gray pigmentation in trigeminal nerve distribution. 
Commonly involves ipsilateral sclera. 

May darken or enlarge over time. 


Patchy blue-gray pigmentation of shoulder, supraclavicular area. 
May increase in size and color over time. 


Tan, brown, dark brown macules, patches, plaques, seen at birth or early infancy. 
Variable color and texture. 
Large, giant, or multiple nevi increase risk for neurocutaneous melanosis. 


Well-demarcated, hyperpigmented patch with smaller, darker macules and 
papules within larger patch. 

May be extensive and segmental in distribution. 

Small risk for malignant transformation. 


May start as hyperpigmented macules (junctional melanocytic nevi). 

Over time, can become elevated papules (compound melanocytic nevi). 

Peaks in number during 2nd and 3rd decade of life. 

Abnormalities in color, borders, size, symmetry may suggest malignancy. 
Variegation in color, texture, or border of congenital or acquired melanocytic nevi. 
Rare in childhood or infancy. 

Risk correlated with family history and sun exposure in childhood. 


management. For comparison, the overall risk for melanoma in the 
general population in the United States is 2%. Removal of these nevi 
can wait until later childhood, when local anesthesia and outpatient 
surgery are feasible. 

The risk for malignant transformation of giant congenital melano- 
cytic nevi is another controversial issue. The incidence of melanoma 
is approximately 2%. These large lesions warrant close observation and 
serial photography. Careful annual or semiannual examinations with 
palpation of the nevi are essential, as melanoma can arise from deep 
portions of the nevi with little or no apparent surface alterations. 
Removal of giant congenital nevi is also controversial from a future- 
melanoma risk standpoint. Removal may require extensive grafting as 
well as soft tissue expansion procedures. 

Neurocutaneous melanosis is defined as the presence of giant 
(>40 cm) and/or multiple congenital melanocytic nevi, in association 
with benign or malignant melanocytic infiltration of the leptomenin- 
ges. Clinically symptomatic neurocutaneous melanosis substantially 
worsens the prognosis of large or giant congenital melanocytic nevi 
and usually presents around or before 2 years of age, but some may 
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FIGURE 47.11 Giant congenital melanocytic nevus of the lower back. 
Imaging should be considered to evaluate for tethered cord or spinal 
dysraphism, as well as melanosis of the spine or brain. 


not show symptoms until the 2nd or 3rd decade of life. Most symp- 
tomatic patients die within 3 years of the onset of initial neurologic 
symptoms, typically from central nervous system melanoma or 
mechanical obstruction. The most frequent clinical manifestations 
include hydrocephalus, seizures, papilledema, headaches, increase in 
head circumference, paresis, and developmental delay. Location overly- 
ing the axial skeleton and many satellite lesions are predictors of neu- 
rocutaneous melanosis. 

MRI with contrast of the head and spine is suggested in newborns 
with giant congenital melanocytic nevi, particularly in the posterior 
axial distribution and especially if satellite nevi are present. MRI 
abnormalities of the brain have been identified in asymptomatic 
patients with giant or multiple congenital melanocytic nevi. The most 
common imaging abnormalities in asymptomatic patients seen were 
T1 shortening in the cerebellum, temporal lobes, pons, and medulla. 
Radiologic findings can be very subtle and may be missed by radiolo- 
gists unfamiliar with this entity. Controversy exists with regard to the 
need for baseline and follow-up imaging in asymptomatic patients, 
inasmuch as the implications of these studies are unclear. 

Café-au-lait macules are well-circumscribed tan macules that 
usually measure less than 0.5 cm but may be as large as 15-20 cm in 
diameter. The lesions are found on any cutaneous site and may be 
present at birth or appear during early childhood. Although café- 
au-lait spots are seen in 10-20% of normal individuals, the presence 
of many macules should raise the clinical suspicion of NF or other 
genetic disorders (‘Table 47.6). The presence of 6 or more café-au-lait 
spots (>0.5 cm in prepubertal children; >1.5 cm in postpubertal 
children) fulfills 1 of the diagnostic criteria for NF-1. Although the 
lesions are not pathognomonic, they are present in most patients with 
NF and tend to be larger and more numerous. Café—au-lait spots have 
also been associated with tuberous sclerosis, McCune—Albright 
syndrome, Turner syndrome, Bloom syndrome, ataxia-telangiectasia, 
Russell—Silver syndrome, Fanconi anemia, epidermal nevus syndrome, 
Gaucher disease, and Chédiak—Higashi syndrome. 

Dermal melanocytosis, also known as Mongolian spots, are large, 
poorly demarcated, slate-gray to blue-black patches usually located 
over the buttocks or lumbosacral region of normal infants. The condi- 
tion occurs in approximately 80-90% of black infants, 75% of Asian 
infants, and 10% of white infants. Mongolian spots may be single or 
multiple and frequently measure up to 10-20 cm in diameter. This 
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benign disorder is present at birth, usually fades during early child- 
hood, and necessitates no therapeutic intervention. In rare cases, the 
lesions may persist into adulthood and may benefit from therapy with 
lasers that treat dermal pigmentation. These lesions should not be 
confused with bruises. 

The nevus of Ota and nevus of Ito are special variants of dermal 
melanocytosis seen most commonly in Asian and black individuals. In 
contrast to Mongolian spots, these conditions tend to persist through- 
out adulthood. The nevus of Ota is a slate-gray to blue-black patch 
located in the distribution of the trigeminal nerve. The condition is 
usually unilateral and involves the forehead, temple, periorbital region, 
nose, and cheek. Pigmentation of the sclera occurs in about 50% of 
affected individuals. The disorder may be cosmetically disfiguring, and 
laser treatment may be promising in some cases. The nevus of Ito is a 
similar lesion occurring in the distribution of the lateral supraclavicu- 
lar and brachial nerves. The condition is usually unilateral and involves 
the shoulder, neck, upper arm, scapular, and/or deltoid regions. It may 
be seen alone or in conjunction with the nevus of Ota. 


Hypopigmented and Depigmented Lesions 


These conditions are often cosmetically disfiguring and persistent. 
They can be markers of serious systemic diseases. Pigmentary disorders 
may be localized or generalized; congenital or acquired; and transient, 
stable, or progressive (Table 47.7). 

Nevus depigmentosus is a benign, solitary, hypopigmented macule 
or patch that is noted at birth. It is not depigmented as the name sug- 
gests. It typically remains stable in size and may grow in proportion to 
the patient as they grow. It should be differentiated from vitiligo. 

Ash leaf spots are hypopigmented macules, sometimes present at 
birth or within the 1st few months or years of life, that allow early 
identification of individuals with tuberous sclerosis (Fig. 47.12). 
Although occasionally observed in normal infants, the characteristic 
lesions are present in up to 90% of patients with tuberous sclerosis. 
They are usually 2-3 cm in size and are located on the trunk and 
extremities. The macules may be lancet-shaped or may have a confetti- 
like or irregularly shaped appearance. Wood lamp examination may 
facilitate identification. Although tuberous sclerosis is an autosomal 
dominant disorder, spontaneous mutations are responsible for up to 
50% of new cases. Other cutaneous findings include facial angiofibro- 
mas (adenoma sebaceum), periungual or subungual fibromas, gingival 
fibromas, shagreen patches (connective tissue hamartomas), and 
fibrous plaques (typically on the forehead). Systemic manifestations 
include seizures, intellectual disability, cardiac rhabdomyomas, renal 
angiomyolipomas and cysts, retinal nodular hamartomas, and pulmo- 
nary cysts. Imaging studies of the brain may demonstrate cortical 
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TABLE 47.7 Congenital and Acquired Disorders of Hypopigmentation and Depigmentation 


Disorder Congenital or Acquired 


Piebaldism Congenital 


Nevus depigmentosus Congenital 


Hypomelanosis of Ito Congenital 


Nevus anemicus Congenital 


Ash leaf spot 


Congenital 


Vitiligo Acquired 


Albinism Congenital 


tubers or subependymal nodules, which are pathognomonic for tuber- 
ous sclerosis. 

Piebaldism is characterized by circumscribed areas of depigmenta- 
tion in the newborn. The leukoderma is usually located on the frontal 
scalp and is associated with a white forelock; however, the depigmented 
patches characteristically involve the trunk, upper arms, and legs. 
Hyperpigmented or normally pigmented macules or patches may 
occur within the depigmented patches. This rare condition is transmit- 
ted in an autosomal dominant pattern. The disorder is usually present 
at birth but may not be recognized until later because of the light color 
of neonatal skin. A Wood lamp may enhance the contrast between 
depigmented and normal skin. 

Piebaldism is a stable condition throughout life, and most affected 
individuals are otherwise normal. Sun protection and cosmetic cam- 
ouflage of the depigmented skin are the mainstays of therapy. 

Waardenburg syndrome is a rare genetic disorder characterized by 
a white forelock, areas of leukoderma, congenital sensorineural deaf- 
ness, heterochromia of the irides, and lateral displacement of the 
medial canthi. Other features may include a flattened nasal bridge, 
confluent eyebrows, hypoplasia of the nasal alae, speech impairment 
that may or may not be related to presence of a cleft lip or palate, and 
various skeletal abnormalities. It is most commonly inherited in an 
autosomal dominant fashion, though autosomal recessive inheritance 
patterns are sometimes seen. 

Albinism is manifested by diffuse congenital hypopigmentation or 
depigmentation of the skin, hair, and eyes. This heterogeneous group 
of disorders is composed of approximately 10 types of oculocutaneous 


Clinical Features 


Autosomal dominant inheritance. 

Leukoderma of frontal scalp. 

White forelock. 

Usually involves face, neck, trunk, flank, and extremities. 

Waardenburg syndrome is a variant, with sensorineural deafness, 
limb defects, and Hirschsprung disease. 


Well-circumscribed hypopigmented patch (not typically depigmented). 
May be isolated or segmental. 

Usually present at birth or infancy. 

Wood lamp may aid in diagnosis. 

Often found on trunk or extremities. 


Whorls or streaks of hypopigmentation that follow lines of Blaschko. 
Usually present at birth, but may present in 1st few years of life. 
Can be associated with CNS, eye, or musculoskeletal abnormalities. 


Rubbing or temperature change causes erythema of surrounding skin. 
Often unilateral and on trunk. 

Not accentuated by Wood lamp. 

Asymptomatic. 


Hypopigmented macules/patches often present at birth. 
Wood lamp may aid in diagnosis. 

Solitary lesion often of no significance. 

Multiple lesions are associated with tuberous sclerosis. 


Complete loss of pigment in involved areas. 

May be segmental in distribution. 

Hyperpigmentation can be seen at the edges of lesions. 

Infrequently seen with autoimmune disorders, such as hypothyroidism. 
Complete depigmentation or hypopigmentation in skin. 

Affects eyes and hair. 

Increased risk for skin cancer. 


albinism and 5 forms of ocular albinism. Most types of oculocutaneous 
albinism are inherited in an autosomal recessive pattern. The variants 
of ocular albinism are transmitted in an X-linked or autosomal reces- 
sive mode of inheritance. 

The various forms of albinism can usually be diagnosed by findings 
on physical examination. These features include absent or reduced 
pigmentation of skin and hair and ophthalmologic findings such as 
foveal hypoplasia, nystagmus, photophobia, transillumination of the 
irides, fundal depigmentation, and decreased visual acuity. Patients 
should be monitored closely by ophthalmologists and evaluated for 
hearing loss. In white persons, the skin is usually milk white and the 
hair is white, blond, or light brown. The pupils are usually pink, and 
the irides are blue or gray. In African-Americans, the skin may appear 
tan or white and is frequently freckled. The hair is usually blond or 
red, and the eyes are blue or hazel. 

Treatment of albinism includes photoprotection and sun avoid- 
ance. Individuals are predisposed to severe actinic damage and should 
be monitored closely for the development of actinic keratoses, basal 
cell carcinomas, squamous cell carcinomas, and melanomas. 


Other 


Nevus sebaceus of Jadassohn is a hamartoma of sebaceous gland 
derivation. Typically present at birth, these lesions are variable in size, 
usually solitary, and located on the scalp, face, and neck. During 
infancy, they are well-circumscribed, hairless, yellowish-orange, 
smooth, velvety, or waxy plaques. These nevi tend to thicken and 
become verrucous during puberty. 
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Because up to 15% of these lesions develop secondary benign or 
malignant neoplasms during adolescence or adulthood, prophylactic 
surgical excision is recommended before puberty. 

Dermoid cysts are nontender, noncompressible, firm, congenital 
subcutaneous nodules found along sites of closure of embryonic clefts. 
Dermoids are lined by stratified squamous epithelium that contains 
mature adnexal structures. Although these lesions can be noted in 
newborns, they may not be detected until later in infancy or in child- 
hood after the lesion enlarges or becomes inflamed. Lesions are often 
described as rubbery and may be blue to skin-colored in appearance. 
A tuft of hair may be seen protruding from an orifice in the dermoid. 
Dermoid cysts are often found in the head and neck region, often the 
lateral portion of an eyebrow. 

The most important concern with dermoid cysts is the potential 
for an intracranial connection. Up to 25% of midline or nasal dermoid 
cysts may have an intracranial connection; all midline head and spinal 
lesions should be imaged. If a connection is present, the patient is at 
risk for infection because the dermoid cyst and sinus can serve as a 
portal of entry for bacteria. These patients should be referred to neu- 
rosurgery for removal and repair. Dermoid cysts that are not midline, 
including those commonly seen at the lateral brow area, should also 
be excised because of the potential risk for infection and bony erosion. 
After surgical excision, lesions do not usually recur. 

Aplasia cutis congenita is a heterogeneous group of disorders in 
which there is a congenital absence of skin (Fig. 47.13). This disorder 
may involve the epidermis, dermis, and subcutaneous tissues. The most 
common type of aplasia cutis is membranous aplasia cutis. These 
lesions are well-demarcated, small, oval, 1- to 5-cm defects on the 
vertex of the scalp. They are easily identified by their classic “punched- 
out” appearance and may have an atrophic surface with a glistening, 
membrane-like surface at birth. In older children, these lesions resem- 
ble scars. If the lesion is associated with a hair collar or midline in 
location, the clinician should evaluate for the potential of cranial 
dysraphism. 

The defect is usually solitary; however, in a minority of patients, 
multiple sites may be affected. Aplasia cutis can also occur on the trunk 
and limbs, where the defects are often bilateral and symmetric. Aplasia 
cutis in the midline lumbosacral area is of particular importance 
because it may be associated with spinal dysraphism. 

Lesions of membranous aplasia cutis usually necessitate no 
further investigation, and gradual epithelialization typically occurs 


FIGURE 47.13 Congenital absence of skin (aplasia cutis congenita) on 
the scalp of a neonate. As seen here, multiple lesions can be seen. 


spontaneously. However, large, deep, or widespread lesions with 
underlying bone defects may necessitate surgical intervention to facili- 
tate healing. 

The term hair collar sign is a designation for hypertrichosis that 
usually either partly or completely encircles a congenital scalp lesion 
(Fig. 47.14). Usually the ring of hair is denser, darker, and coarser in 
texture than the normal scalp hair. A hair collar sign surrounding a 
congenital scalp nodule is a marker for cranial dysraphism, including 
encephaloceles and meningoceles. If a hair collar sign is seen in com- 
bination with a capillary malformation or aplasia cutis, the risk for 
cranial dysraphism is increased substantially. Therefore, all congenital 
midline lesions with a hair collar sign should be imaged to evaluate for 
an intracranial connection. MRI is the gold standard, but it occasion- 
ally misses a small intracranial connection. 

Lumbosacral hypertrichosis may be a normal variant, especially 
in certain ethnic groups. However, hypertrichosis in this area in asso- 
ciation with other stigmata indicative of a neurologic defect is highly 
suggestive of spinal dysraphism. The area may be poorly circum- 
scribed, and the hair can be light or dark. The hypertrichosis is often 
present at birth. Complete neurologic examination should be per- 
formed. There are no defined parameters to determine further evalu- 
ation of isolated hypertrichosis, though suspicion for spinal dysraphism 
is higher if additional cutaneous markers, such as a vascular stain or a 
mass, are also present. If a spinal defect is suspected, further evaluation 
by MRI of the spine is necessary. 

Lumbosacral dimples are common findings in neonates. Large, 
deep dimples that are located in the superior portion of the gluteal 
crease should be radiologically imaged to rule out dermal sinuses com- 
municating directly with the spinal canal. These dimples should not 
be probed because of the potential communication with the spinal 
canal. Sacral dimples seen in association with other cutaneous findings 
such as hypertrichosis, vascular birthmarks, a mass, or deviated gluteal 
cleft carry particularly high risk for spinal dysraphism. Imaging should 
be performed with MRI of the spine as ultrasound has low sensitivity 
for subtle findings. 

Infantile hemangiomas that overlie the midline of the back are 
strong markers for spinal dysraphism, most often lipomyelomeningo- 
cele, intraspinal lipoma, or a tethered cord. Infantile hemangiomas that 
are larger than 4 cm and overlap the midline appear to carry greater 
risk for spinal dysraphism, and MRI should be performed. The risk 
for spinal dysraphism is increased when hemangioma is seen in 
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FIGURE 47.14 A classic hair collar sign (from aplasia cutis). 
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association with other cutaneous findings such as sacral dimples, 
hypertrichosis, or a deviated gluteal cleft. 

A solitary midline capillary malformation of the back without addi- 
tional clinical findings may be a marker for spinal dysraphism, but 
this association is less clear. All affected infants should be evaluated 
for additional neurocutaneous stigmata. If a lumbosacral capillary 
malformation is detected with other cutaneous markers of spinal dys- 
raphism, imaging is warranted. 


TRANSIENT AND PHYSIOLOGIC CHANGES 
TO THE SKIN 


Many entities unique to newborns are caused by physiologic phenom- 
ena in response to the infant’s transition to the new environment. Most 
such entities are benign and self-limited. 


Cutis Marmorata 


Cutis marmorata is characterized by symmetric reticulated cyanosis 
involving the trunk and extremities. This marbled appearance usually 
appears when the skin is cool and resolves upon rewarming of the 
infant. This benign condition typically improves with age. When 
this vascular pattern is seen in older infants or children, it may be 
associated with Down syndrome, Cornelia de Lange syndrome, or 
hypothyroidism. 

Cutis marmorata should be differentiated from Cutis marmorata 
telangiectasia congenita (CMTC). The persistent cutis marmorata of 
CMTC is characteristically asymmetric, often segmental, mottled, or 
marble-like, and more localized than physiologic cutis marmorata. In 
addition, the reticulated mottling of CMTC is darker in color and does 


not resolve with rewarming. Although CMTC improves with age, the 
abnormal vascular pattern is more persistent than that seen in physi- 
ologic cutis marmorata. It may be an isolated entity or may have dis- 
tinct associations, including atrophy or hypertrophy of the affected 
extremity, ulcerations, or coexistent vascular malformations and 
tumors, and other extracutaneous anomalies. 


Harlequin Color Change 


The harlequin color change is a distinctive condition observed in 
infants lying on their sides. It is characterized by marked erythema on 
the dependent side of the infant’s body with simultaneous blanching 
of the nondependent side. This phenomenon occurs more often in 
premature infants but may be observed in full-term newborns. The 
change may be caused by autonomic immaturity, which results in 
altered peripheral vascular tone. 

Although it typically occurs within the 1st 3 weeks of life, harlequin 
color change is most often noted at 2-5 days of age. The changes 
develop abruptly and usually resolve within 20 minutes. 


Acrocyanosis 


The normal newborn usually displays a bluish-purple discoloration of 
the hands, feet, and lips. Referred to as acrocyanosis, this typically 
occurs in association with crying or cold stress and can be seen in 
greater than 30% of infants. It results from increased peripheral arte- 
riolar tone, which leads to vasospasm and subsequent venous pooling. 
Acrocyanosis should be differentiated from central cyanosis, which is 
noted on mucosal surfaces. Physiologic acrocyanosis gradually resolves 
spontaneously during the neonatal period. 


Neonates and infants can have a variety of congenital birthmarks and 
transient rashes. It is necessary to identify the primary skin lesion, any 
secondary skin lesions or changes, and the size, color, distribution, and 
configurations of the lesions to develop an appropriate differential 
diagnosis. Many entities unique to neonates are benign and self- 
limited, and often require only reassurance to the parents. 

Red flags are lesions consistent with HSV, S. aureus, or LCH (Table 
47.2), or those consistent with neurocutaneous diseases, such as ash 
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leaf spots, or a capillary malformation in V1 distribution (Table 47.1). 
The location of infantile hemangiomas in a beard distribution, or on 
the spine and lower back should raise concern for PHACE syndrome 
or PELVIS/SACRAL syndrome (Table 47.5). Lesions found on the 
midline of the back or head such as hemangiomas or hair collar sign 
can be associated with spinal dysraphism (‘Table 47.1 and Fig. 47.14). 
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(See Nelson Textbook of Pediatrics, p. 3117.) 
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Many skin findings in childhood are benign and self-limited condi- 
tions. Other dermatologic complaints may be the 1st manifestation of 
a systemic disease or associated condition, recognition of which facili- 
tates appropriate evaluation and treatment. 


HISTORY, PHYSICAL EXAMINATION, 
AND DIAGNOSTIC PROCEDURES 


$ History 


Obtaining a careful and focused history is necessary to establish diag- 
noses of pediatric skin disorders. It may be helpful to examine the 
patient first and then proceed with a relevant line of questioning. 
Important questions to ask include the following: 

1. When did the eruption begin? 

2. How did the eruption evolve (distribution, spread, change in the 
structure of individual lesions)? 

Are the lesions pruritic or painful? 

Have there been previous similar episodes? 

Are there associated systemic symptoms? 

Are there exacerbating or alleviating factors? 

Has treatment been rendered? If so, what effect has it had? 

Are there affected family members or close contacts? 

Is there a family history of skin disease? 
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$ Physical Examination 


It is necessary to identify the primary skin lesions, secondary skin 
lesions, or changes, size, color, distribution, and configuration of the 
lesions. Several specific signs are pathognomonic for certain diseases. 
Examination of the hair, nails, and mucosal surfaces should be included. 
Palpation of cutaneous lesions provides additional information, such 
as firmness, tenderness, mobility, temperature, and ability to blanch 
with pressure. Precise morphologic descriptions are critical for estab- 
lishing a differential diagnosis (Figs. 48.1 and 48.2). 


Primary Lesions 


Macules and Patches. Macules are flat, circumscribed lesions that 
are detected because of a change in color. Pink or red macules may be 
caused by inflammation or vasodilatation. Brown, black, or white 
lesions may be caused by alterations in melanin synthesis. Purple hues 
may represent extravasation of blood into the skin. Macules greater 
than 1 cm in diameter are usually described as patches. 

Papules, Nodules, Plaques, and Tumors. Papules are circum- 
scribed, palpable, elevated solid lesions. Typically less than 0.5-1 cm in 
diameter, these lesions may be epidermal or dermal in origin and may 
be flat-topped or dome-shaped. Papules that are 0.5-2 cm in diameter 
are described as nodules. Nodules are epidermal, dermal, or subcuta- 
neous lesions that may, in some cases, evolve from preexisting papules. 
Plaques are elevated flat-topped lesions, larger than 1 cm in diameter, 
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and often formed by the coalescence of papules. Tumors are larger 
nodules greater than 2 cm in diameter that are usually solid and well 
circumscribed. 

Vesicles and Bullae. Vesicles are elevated fluid-filled lesions. Bullae 
are large vesicles, usually greater than 1 cm in diameter. The tenseness 
or flaccidity of the blister indicates whether the level of separation is 
intraepidermal or subepidermal (Fig. 48.3 and Table 48.1). 

Pustules. Pustules are white or yellow well-circumscribed lesions 
that contain purulent material. Pustules do not always signify an infec- 
tious cause. 

Wheals. Wheals are edematous, elevated lesions that are transient 
in nature and variable in shape and size. They may be white or erythe- 
matous and often have central pallor. 

Telangiectases. These are ectatic, dilated superficial blood vessels 
of the skin that typically blanch when pressure is applied. 


Secondary Lesions 


Secondary lesions may represent the natural evolution of primary 
lesions or changes that result from external manipulation, such as 
scratching. 

Crusts. Crusts represent serum, pus, blood, or exudate that has 
dried on the skin surface. 

Scales. Scales appear as yellow, white, or brownish flakes on the skin 
surface that represent desquamation of stratum corneum. 

Erosions. Erosions are moist, erythematous, circumscribed lesions 
that result from partial or complete loss of the epidermis. They often 
result from rupture of a blister. Erosions do not involve the dermis or 
subcutaneous tissue; therefore, they heal without scarring. 

Ulcers. Ulcers are deeper than erosions and penetrate the dermis 
or fat and usually heal with scarring. 

Lichenification. Lichenification, or thickening of the skin, usually 
results from chronic scratching or rubbing. Accentuation of skin mark- 
ings or hyperpigmentation is observed. 

Fissures. A fissure is a linear crack in the epidermis extending to 
the dermis. 

Atrophy. Atrophy represents loss of substance of the skin. Epider- 
mal atrophy is characterized by loss of skin markings, increased wrin- 
kling, and transparency with visibility of underlying vasculature. 
Dermal or subcutaneous atrophy results in depression of the skin with 
minimal, if any, epidermal changes. 

Excoriations. Excoriations are linear erosions on the skin caused 
by scratching. 


® Diagnostic Techniques 

Potassium Hydroxide Test 

This simple and rapid test can confirm the diagnosis of dermatophyte 
or candidal infections. Scale is scraped with a curved blade onto a 
microscope slide. Hair or nail fragments can also be examined. A glass 
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Vesicle Bulla 


Wheal 


FIGURE 48.1 Primary skin lesions. (From Cohen BA. Introduction to 
pediatric dermatology. In: Cohen BA, ed. Pediatric Dermatology. Phila- 
delphia: Saunders; 2013.) 


coverslip is then placed on the slide after 1-2 drops of 10-20% KOH 
are added. The slide is heated gently but not boiled, which can result 
in KOH crystallization and subsequent difficulty in interpretation. 
Dermatophyte infections are confirmed by identifying fungal hyphae, 
which appear as long, branching septate filaments. Pseudohyphae or 
budding spores are characteristic of candidiasis. Short, broad hyphae 
and clusters of budding cells resembling “spaghetti and meatballs” are 
diagnostic of tinea versicolor. 


Pustule 


Erosion 


Fibrotic scar Atrophic scar 


Excoriation 


Fissure 


FIGURE 48.2 Secondary skin lesions. (From Cohen BA. Introduction 
to pediatric dermatology. In: Cohen BA, ed. Pediatric Dermatology. 
Philadelphia: Saunders; 2013:1-13.) 


Tzanck Smear 


A Tzanck smear is useful for the diagnosis of varicella-zoster virus and 
herpes simplex virus (HSV) infections. The smear is prepared by 
unroofing a blister with a curved blade and gently scraping the blister 
base and underside of the roof. The material is spread in a thin layer 
onto a glass slide. The slide is air-dried and stained with Giemsa or 
Wright stain. Identification of multinucleated giant cells, a syncytium 
of epidermal cells with multiple overlapping nuclei, establishes the 
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FIGURE 48.3 Blister cleavage sites in the skin. 7, Intracorneal. 2, 
Subcorneal. 3, Granular layer. 4, Intraepidermal. 5, Suprabasal. 6, Junc- 
tional (between the basal cell membrane and basement membrane). 7, 
Subepidermal. (From Esterly NB. The skin. In: Behrman RE, ed. Ne/son 
Textbook of Pediatrics. 14th ed. Philadelphia: WB Saunders; 1992:1640.) 


TABLE 48.1 Sites of Blister Formation of 
Selected Vesiculobullous Diseases 


Site of Cleavage Clinical Example 


Intracorneal Miliaria crystallina 


Granular layer Bullous impetigo 
Staphylococcal scalded skin syndrome 


Pemphigus foliaceus 


Intraepidermal Dermatophytosis 
Insect bites 
Incontinentia pigmenti 
scabies 


Viral blisters 
Pemphigus vulgaris 


Suprabasal 


Basal cell layer Epidermolysis simplex 


Junctional Junctional epidermolysis bullosa 


subepidermal Toxic epidermal necrolysis 

Dermatitis herpetiformis 

Recessive dystrophic epidermolysis bullosa 
Dominant dystrophic epidermolysis bullosa 


Linear IgA disease of childhood 


IgA, Immunoglobulin A. 


diagnosis. These cells may have 2-15 nuclei and are much larger than 
other inflammatory cells. Although a positive result of Tzanck prepara- 
tion is confirmatory, a negative test result does not rule out herpes viral 
infection. Viral specimens should be obtained for culture or poly- 
merase chain reaction (PCR) to differentiate HSV from varicella-zoster 
virus infections. 


Scabies Test 


A scabies preparation exhibiting the mite, egg, or feces (scybala) con- 
firms the diagnosis of scabies infestation with Sarcoptes scabiei. The 
mite is most often found within burrows (serpiginous or elongated 
papules), which may have a vesicle or pustule at one end. A drop of 
mineral oil should be applied to the lesion so that the scraped material 
adheres to the blade. The site is then scraped firmly with a curved 
blade, which occasionally induces minimal bleeding. The material is 
applied to a microscope slide, another drop of mineral oil is added, 
and a glass coverslip is placed. Mites are 8-legged arachnids that are 
easily identified under low magnification. Eggs are frequently observed 
as smooth ovals approximately half the size of the mite. Feces are 
smaller than ova and appear as red-brown pellets, often in clusters. 


Gram Stain 


A Gram stain can be useful in the diagnosis and treatment of sus- 
pected bacterial infections. After the site is disinfected, the pustule 
or blister roof is carefully removed with a needle or straight blade. 
The contents of the pustule are removed in a sterile manner and 
spread thinly onto a glass slide. The specimen is air-dried or heat- 
fixed, stained, and examined microscopically. Results help determine 
which antibiotic, if any, is indicated. Bacterial cultures are typically 
obtained simultaneously. 


Wood Lamp Examination 


A Wood lamp emits low-intensity ultraviolet light at 365 nm and is 
useful for accentuating pigmentary alterations such as those of pie- 
baldism or ash leaf macules in the newborn and detecting several 
fungal or bacterial infections. The examination is performed in a dark- 
ened room, and the lamp is held 4-6 inches from the patient’s skin. 
Characteristic color changes of infectious etiologies are outlined in 
Table 48.2. 


Skin Biopsy 

A skin biopsy can be performed when a clinical diagnosis is unclear. 
Histologic evaluation of a small skin specimen may reveal changes in 
the epidermis, dermis, or subcutaneous tissue that confirm or rule out 
specific disorders. Direct immunofluorescence testing can be extremely 
helpful in the diagnosis of collagen vascular and autoimmune bullous 
diseases (Table 48.3). 


DERMATOLOGIC DISORDERS IN OLDER 
INFANTS AND CHILDREN 


Many forms of skin lesions are acquired during childhood and adoles- 
cence with a range from benign asymptomatic dermatoses to infec- 
tious or chronic skin disorders. A thorough history to understand the 
symptomatology and time course, as well as a detailed skin examina- 
tion to evaluate the morphology of the lesions, can help distinguish 
between childhood dermatoses. 


Scaling Disorders 


The term papulosquamous refers to conditions in which the primary 
lesions are papules or plaques associated with scale. These disorders are 
typically benign but can be chronic and therapeutically challenging. 


Pityriasis Rosea 


Pityriasis rosea is an acute, common, self-limited eruption that has 
no gender predilection. Although the precise cause is unknown, a 
viral origin is suspected because there have been reports of epidemics, 
clusters of cases among closely related individuals, and low recurrence 


TABLE 48.2 


Fluorescence 
Coral, red, pink 
Pale green or yellow 


Bright yellow-green 
Yellow-green 


TABLE 48.3 


Disease 


Dermatitis 
herpetiformis 


Bullous pemphigoid 


Pemphigus (all 
variants) 


Linear IgA bullous 


CHAPTER 48 Acquired Rashes in the Older Child 


Wood Lamp Examination Findings 


Clinical Appearance 


Brown or red thin plaques on the groin, axillae, or toe webs 
Hypopigmented or hyperpigmented macules and plaques on 


the trunk 


Infection of the toe web space; often in burn patients 


scaling of the scalp with patchy hair loss 


Organisms/Disease 


Pseudomonas aeruginosa 


Erythrasma (Corynebacterium minutissimum) 
Tinea versicolor (Pityrosporum orbiculare, P. ovale, Malassezia furfur 


Tinea capitis (Microsporum canis, M. audouinii) 
Not /richophyton tonsurans 


Immunofluorescent Findings in Immune-Mediated Cutaneous Diseases 


Involved Skin 
Negative 


Positive 


Positive 


Positive 


Uninvolved Skin 


Positive 


Positive 


Positive 


Positive 


Direct IF Findings 


Granular IgA + C in 
papillary dermis 


Linear IgG and C band 


in BMZ, occasionally 


IgM, IgA, IgE 

IgG in intercellular 
spaces of the 
epidermis between 
keratinocytes 


Linear IgA at BMZ, 


Indirect IF Findings 


None 

IgG to BMZ 

IgG in intercellular 
spaces of the 


epidermis between 
keratinocytes 


Low titer, rare IgA, 


Circulating Antibodies 


IgA antiendomysial and 
transglutaminase antibodies 


IgG anti-BP180 and 
anti-BP230 


IgG antidesmoglein 1 and 3 
(pemphigus vulgaris and 
foliaceus). IgA 
antidesmocollin 1 (IgA 
pemphigus) 

None 


dermatosis (chronic 
bullous dermatosis 
of childhood) 


Discoid lupus 
erythematosus 


Positive Negative 


occasionally C 


Linear IgG, IgM, IgA, 
and C3 at BMZ 


anti-BP180 


Usually ANA-negative 


(lupus band) 


systemic lupus Positive 


erythematosus 


Variable; exposed to 
sun, 30-50%; 
nonexposed, 
10-30% 

Positive 


Henoch—Schonlein Positive 


Linear IgG, IgM, IgA, ANA 
and C3 at BMZ 
(lupus band) 


Anti-Ro (SSA), anti-La (SSB) 
Anti-RNP 

Anti-dsDNA 

Anti-Sm 


IgA around vessel None 
purpura walls 


ANA, antinuclear antibody; BMZ, basement membrane zone at the dermal—epidermal junction; BP, bullous pemphigoid; C, complement; dsDNA, 
double-stranded deoxyribonucleic acid; IF, immunofluorescence; lg, immunoglobulin; Sm, Smith; SSA/SSB, Sjogren syndrome A/B; RNP, 


ribonucleoprotein. 


rates. Pityriasis rosea has been associated with systemic reactivation 
of human herpesvirus 6 (HHV-6) and HHV-7. Furthermore, a pro- 
drome of malaise, headache, and respiratory symptoms is occasionally 
observed. 

The eruption usually begins with a solitary oval, pink scaly plaque 
approximately 3-5 cm in diameter, typically located on the trunk or 
proximal extremities (Fig. 48.4). Referred to as the herald patch, this 
finding is observed in 50-70% of cases. When the herald patch has an 
elevated red border and central clearing, it resembles tinea corporis. 
Performing a KOH preparation can differentiate these two conditions. 
Within 1-2 weeks after appearance of the herald patch, numerous 
small, pink scaly papules or plaques arise over the trunk and proximal 
extremities, sparing the face and distal extremities. The lesions classi- 
cally have a fine cigarette paper-like peripheral collarette of scale. 
These oval 0.5- to 2-cm lesions have their long axis oriented along skin 
lines, and when present on the trunk, result in a “Christmas tree” 


pattern on the back (Fig. 48.4). Young children, particularly African- 
Americans, may have an “inverse” type of pityriasis rosea, with most 
lesions distributed on the distal extremities, face, neck, and intertrigi- 
nous regions. Other variants seen in children demonstrate lesions that 
are papular, vesicular, pustular, purpuric, or lichenoid. 

The duration of the eruption varies from 2-12 weeks. Therapy is 
unnecessary; emollients, topical corticosteroids, or oral antihistamines 
help relieve pruritus. In addition, pityriasis rosea improves signifi- 
cantly with exposure to ultraviolet light. Postinflammatory hypopig- 
mentation or hyperpigmentation may persist for weeks to months, 
especially in dark-skinned patients. There are many other dermatoses 
that can resemble pityriasis rosea (‘Table 48.4). In sexually active ado- 
lescents, a rapid plasma reagin (RPR) test should be obtained to rule 
out the possibility of secondary syphilis, especially if the palms and 
soles are involved. Persistence of the eruption after 3-4 months neces- 
sitates an evaluation for another diagnosis. 
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FIGURE 48.4 Pityriasis rosea. A, The herald patch. B, Oval lesions oriented along the lines of skin cleavage 
on the trunk. C, Christmas tree distribution on the back. (From Cohen BA, Davis HW, Gehris RP. Dermatol- 
ogy. In: Zitelli BU, et al, eds. Atlas of Pediatric Physical Diagnosis. Philadelphia: Saunders; 2012:299-368.) 


TABLE 48.4 Differential Diagnosis of 
Papulosquamous Disorders (Primary Skin 
Lesions Are Papules or Plaques Associated 
with Scale) 


Lichen planus 

Lupus erythematosus 
Lichen striatus 

Lichen nitidus 

Psoriasis 

Guttate psoriasis 

Pityriasis rosea 

Pityriasis lichenoides (parapsoriasis) 
Pityriasis rubra 
Dermatophyte infections 
Dermatomyositis 

Drug eruption 

Nummular eczema 

Atopic dermatitis 
seborrheic dermatitis 
secondary syphilis 
Cutaneous T-cell lymphoma 


Psoriasis 
Psoriasis is an immune-mediated inflammatory skin condition char- 
acterized by well-demarcated, erythematous scaly papules and plaques 
located most often on the scalp, elbows, knees, genitalia, and lumbo- 
sacral regions. The course is more chronic and unpredictable than that 
of pityriasis rosea. Psoriasis occurs in approximately 1-3% of the popu- 
lation and is estimated to manifest before the age of 20 years in about 
30% of patients. It affects both genders equally in adulthood, but child- 
hood psoriasis has a slight female predominance. The cause is multi- 
factorial, but there is a genetic predisposition in many affected 
individuals and about 50% have a positive family history when onset 
occurs during childhood. The association between psoriasis, obesity, 
and metabolic syndrome has been described in both adult and pedi- 
atric patients with psoriasis, and screening for individuals with 
moderate-to-severe involvement should be considered. 

Psoriasis encompasses a broad spectrum of clinical manifesta- 
tions, ranging from mild, asymptomatic, virtually undetectable disease 
to extensive, chronic, debilitating disease. The course is usually 


FIGURE 48.5 Well-demarcated erythematous, scaly plaques of psoria- 
sis. (From Kliegman RM, et al. Diseases of the epidermis. In: Kliegman 
RM, et al, eds. Nelson Textbook of Pediatrics. 20th ed. Philadelphia: 
Elsevier; 2015:3160-3162.) 


marked by recurrent flares and remissions and is often exacerbated 
by stress, trauma, infection, climate, hormonal factors, and particular 
medications. 

Although morphologic variations exist, the classic lesions of plaque 
psoriasis are well-demarcated erythematous papules or plaques with 
a silvery-white scale (Fig. 48.5). The lesions usually begin as small 
erythematous papules that gradually enlarge and coalesce to form 
plaques up to several centimeters in diameter. The micaceous (mica- 
like) scale of the psoriatic plaque is more adherent centrally than 
peripherally. Removal of this scale results in multiple small bleeding 
points. This is referred to as the Auspitz sign and is secondary to 
disruption of the dilated blood vessels that are located high in the 
papillary dermis. Although this finding is seen in psoriasis, it is not 
pathognomonic. 

The Koebner phenomenon, another characteristic feature of pso- 
riasis, although observed in a number of dermatologic conditions, is 
an isomorphic response (development of new or larger lesions) occur- 
ring at sites of injury or trauma such as scratching, sunburn, or surgery 
(Fig. 48.6). Psoriatic lesions tend to be distributed symmetrically. 
Although extensor surfaces are typically involved, a variant of psoriasis 
known as inverse psoriasis affects flexural surfaces, such as the axillae 
and groin. 
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FIGURE 48.6 Koebner phenomenon in psoriasis with linear plaques 
formed in the pattern of excoriations. (From Papulosquamous erup- 
tions. In: Cohen BA, ed. Pediatric Dermatology. Philadelphia: Saunders; 
2013:68-103.) 


FIGURE 48.7 Small droplike plaques of guttate psoriasis. (From 
Cohen BA, Davis HW, Gehris RP. Dermatology. In: Zitelli BU, et al, eds. 
Atlas of Pediatric Physical Diagnosis. Philadelphia: Saunders; 2012: 
299-368.) 


Scalp lesions are present in most children with psoriasis. Diffuse, 
thick white scale may be accompanied by erythema. In contrast to 
seborrhea, psoriasis often extends beyond the hairline, affecting the 
forehead, ears, and neck. The lesions are variably pruritic and are 
generally not associated with hair loss. Scalp psoriasis tends to be more 
resistant to therapy than seborrheic dermatitis. 

Nail abnormalities are seen in 25-50% of patients with psoriasis. 
Nail pits are the most common finding, identified by multiple pinpoint 
depressions that are irregularly distributed over the nail plate. Although 
nail pitting is characteristic of psoriasis, it is not a pathognomonic sign; 
it is also associated with atopic dermatitis, alopecia areata, and trauma. 
Other nail changes include separation of the nail plate from the nail 
bed (onycholysis), subungual hyperkeratosis, discoloration, crum- 
bling, and yellowish-brown “oil spots” on the nail plate. 

Guttate psoriasis, characterized by numerous droplike lesions, is a 
variant commonly seen in children and young adults (Fig. 48.7). The 
round-to-oval, pinkish-red, somewhat scaly papules arise in crops and 
are widely distributed, particularly on the trunk. Two-thirds of affected 
patients have a history of an upper respiratory tract infection, usually 
streptococcal in origin, which was present 1-3 weeks before the onset 
of lesions. Clinical improvement is often seen after appropriate antibi- 
otic therapy; however, the clinical course may range from spontaneous 
resolution to chronic disease. 


Psoriasis is usually diagnosed from the clinical appearance of skin 
lesions. However, when the diagnosis is unclear, a skin biopsy may be 
helpful. Differential diagnosis of psoriasis includes seborrheic derma- 
titis, dermatophytosis, pityriasis rosea, lichen planus, atopic dermatitis, 
and subacute cutaneous lupus erythematosus (Table 48.4). 

The course of psoriasis is marked by recurrent flares and remis- 
sions. Although it is unpredictable, there appears to be a subset of 
individuals whose disease gradually improves over time. Management 
of psoriasis varies depending on a number of factors including age of 
the child, extent of involvement, functional limitations, and psychoso- 
cial impact. For limited disease, topical therapy (emollients, corticoste- 
roids, vitamin D derivatives, retinoids, tar, keratolytics) alone may 
afford control. For more extensive or debilitating disease, the addition 
of phototherapy or a systemic agent (immunosuppressants, retinoids, 
“biologic” therapy) may be necessary. 


Pityriasis Lichenoides 


Pityriasis lichenoides can manifest in two forms: pityriasis lichenoides 
et varioliformis acuta (PLEVA) or pityriasis lichenoides chronica. 
These diseases most commonly affect children between ages 5 and 15 
years. Both diseases are believed to be part of the same clinical spec- 
trum. PLEVA is characterized by an abrupt eruption of multiple, 2- to 
4-mm, nonpruritic, variably scaly erythematous macules and papules 
that may progress to vesicular, necrotic, or crusted lesions. The lesions 
often occur in crops, and are thus present in different stages most 
commonly on the trunk, but may spread to the extremities. The condi- 
tion may resolve spontaneously within several months, or recurrences 
and relapses may occur episodically for several years. 

Pityriasis lichenoides chronica manifests more gradually and is 
characterized by pink-to-brown 2- to 5-mm papules with central 
adherent scale, found primarily on the trunk and proximal extremities. 
The clinical course is variable, and the lesions may last from months 
to years. After the papules recede, postinflammatory hypopigmenta- 
tion or hyperpigmentation commonly occurs. Sequelae are uncom- 
mon, and the lesions usually heal without a scar. Pityriasis lichenoides 
chronica may initially resemble pityriasis rosea and other papulosqua- 
mous eruptions (Table 48.4). Reports of cutaneous T-cell lymphoma 
(mycosis fungoides) in the setting of pityriasis lichenoides chronica 
exist, and the patient with a persistent or atypical eruption should be 
evaluated with consideration of a skin biopsy (Fig. 48.8). 

Treatment may be limited to lubricants in an asymptomatic patient. 
If treatment is required, first-line agents include oral antibiotics with 
antiinflammatory properties (erythromycin, doxycycline) for several 
weeks, which have shown benefit in some children. 


Lichen Planus 


Lichen planus occurs in patients of all ages but is less commonly seen 
in children than in adults. It is characterized by the “5 Ps”: purple, 
polygonal, planar, pruritic papules. The primary lesion is a shiny, vio- 
laceous, flat-topped papule, often with angulated borders, measuring 
from 2 mm to more than 1 cm in diameter. The lesions are very pru- 
ritic and demonstrate the Koebner phenomenon, which results in the 
development of new lesions (often in a linear configuration) at sites of 
scratching. The distribution may be localized or generalized, and 
lesions may number from few to numerous. Sites of predilection 
include the volar wrists, forearms, legs, genitalia, and mucous mem- 
branes. A reticulated pattern of delicate white lines or streaks (Wickham 
striae) seen on the buccal mucosa or skin aids in confirming the 
diagnosis. 

Nail changes are seen in approximately 10% of patients. These 
include longitudinal ridging, generalized nail destruction, red or 
brown discoloration, subungual hyperkeratosis, and thinning of the 
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nail plate. Pterygium formation results from the overgrowth of fibrous 
tissue, which extends from the proximal nail fold to the tip of the nail, 
obliterating the nail plate. 

Common medications that can produce a lichenoid eruption that 
is indistinguishable from lichen planus include antihypertensives (B 
blockers, angiotensin-converting enzyme inhibitors), diuretics (hydro- 
chlorothiazide), antimalarials, penicillamine, and gold salts. Rarely, 
tetracycline, griseofulvin, nonsteroidal antiinflammatory medications, 
phenytoin, and carbamazepine can be causes. Unlike other cutaneous 
medication reactions, the lichenoid reaction may not occur for months 
or years after medication initiation. 


FIGURE 48.8 Asymptomatic, hypopigmented, minimally scaly patches 
on the trunk of a child, which were present for several years and found 
to be cutaneous T-cell lymphoma. (From Papulosquamous eruptions. 
In: Cohen BA, ed. Pediatric Dermatology. Philadelphia: Saunders; 
2013:68-103.) 
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FIGURE 48.9 Seborrheic dermatitis in the older child or adolescent. A, Scaly, hypopigmented 


It is often possible for the experienced clinician to diagnose lichen 
planus strictly on clinical grounds. If necessary, a skin biopsy specimen 
can reveal specific findings. The clinical differential diagnosis most 
often includes psoriasis and drug eruptions (Table 48.4). If oral 
lesions are present, the clinician must consider the possibility of aph- 
thous stomatitis, erythema multiforme (EM), herpes simplex, or 
leukoplakia. 

Topical corticosteroids are the treatment of choice in most cases. 
Lichen planus often resolves spontaneously over 1-2 years, but some 
cases may persist for many years. Generalized eruptions may respond 
to a short course of systemic corticosteroids. Oral antihistamines 
provide symptomatic relief. 
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Seborrheic dermatitis is characterized by an erythematous, scaly, sym- 
metric eruption that occurs most often in hair-bearing and intertrigi- 
nous regions. Seborrhea of infancy is discussed in Chapter 47. In 
adolescents, yellowish, greasy scale of the scalp, eyebrows, nasolabial 
folds, nasal bridge, posterior auricular regions, and midchest may be 
accompanied by mild erythema (Fig. 48.9). Immunodeficiency disor- 
ders and neurologic dysfunction may be associated with severe, recal- 
citrant seborrheic dermatitis. Although patients usually respond well 
to therapy, it is a chronic condition characterized by recurrences. It is 
often responsive to low-potency topical corticosteroids or topical anti- 
fungals (azoles, ciclopirox, selenium sulfide). These preparations may 
be available in a number of vehicles, including solutions or shampoos 
for the scalp. Keratolytics may be added when thicker scale is present. 


Atopic dermatitis (eczema) is a chronic condition characterized by 
pruritus, a personal or family history of atopy, and an age-dependent 
distribution. It is common during infancy and childhood. Up to 95% 
of affected individuals have signs before the age of 5 years. 

Typical lesions are pink-to-red crusted or scaly plaques or papules. 
Some individuals have follicular accentuation, particularly on the 
trunk, manifested by a goosebump-like texture. Lichenification (thick- 
ened skin with exaggerated skin markings) is a feature of chronic 
atopic dermatitis and results from repeated rubbing and scratching. 
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lesions on 


the face involving eyebrows, nasolabial folds, and nasal bridge. B, Thick, yellow, adherent scale in the scalp. 
C, Confluent, scaly patches on the scalp with mild erythema. (From Papulosquamous eruptions. In: Cohen 
BA, ed. Pediatric Dermatology. Philadelphia: Saunders; 2013:68-103.) 
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Excoriations are secondary lesions caused by scratching. Postinflam- 
matory pigmentary changes are frequently noted, especially in dark- 
skinned individuals (Fig. 48.10). Associated findings are noted in 
Table 48.5. 

The distribution of the lesions tends to be age dependent. The cheeks, 
face, scalp, trunk, and extensor surfaces of the arms and legs are char- 
acteristically involved in the infant form. Between the ages of 2 and 10 
years (childhood atopic dermatitis), the distribution predominately 
involves the neck, wrists,ankles,and flexural surfaces of the extremities 
(Fig. 48.11). After puberty, atopic dermatitis has a predilection for the 
face, neck, hands, and feet. The clinical features of the skin lesions are 
not specific to this condition, as other eczematous eruptions (contact 
dermatitis, seborrheic dermatitis) have a similar appearance. Labora- 
tory tests are of limited value, and histologic findings reveal nonspecific 
spongiotic dermatitis. The distribution of lesions, age at onset, and 
history are most important for establishing the diagnosis. Obtaining a 
complete personal and family history of atopic diatheses is necessary. 

Secondary infections are the most common complication. Indi- 
viduals with atopic dermatitis have increased colonization with Staph- 
ylococcus aureus. Most affected children need occasional treatment 
with antibiotics to eradicate secondary infection, and dilute sodium 
hypochlorite bleach baths can help reduce infection with S. aureus. The 
presence of pustules, extensive excoriations, or weeping and crusted 
lesions suggests the need for antibiotic therapy. Topical therapy with 
mupirocin may be sufficient for limited areas; however, widespread 
involvement may necessitate the use of oral antimicrobial agents. The 
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(A) and hands (B). (From Papulosquamous eruptions. In: Cohen BA, ed. 
Pediatric Dermatology. Philadelphia: Saunders; 2013:68-103.) 


increase in methicillin-resistant S. aureus (MRSA) infections has 
limited therapeutic options in some patients. Secondary infection with 
HSV is referred to as eczema herpeticum or Kaposi varicelliform 
eruption (Fig. 48.12). Transmission may occur during routine child 
care from a caretaker with a herpetic fever blister, whereby the eczema- 
tous skin becomes inoculated with HSV. The hallmark of this condi- 
tion is the rapid development of numerous umbilicated vesicles and 
pustules. Later in the course, multiple erosions are seen, and identifica- 
tion of an intact vesicle may be difficult. The infection may be associ- 
ated with fever and other constitutional symptoms, and expedient 
treatment with acyclovir is required. Hospitalization may be necessary 
in young infants or severely affected individuals. Recurrences of eczema 
herpeticum can be problematic. 

Other dermatologic conditions to consider in the differential diag- 
nosis of a rash that looks like atopic dermatitis are presented in Table 
48.6. 

An overview of the management of atopic dermatitis is presented 
in Table 48.7. 


LUMPS AND BUMPS 


The presence of cutaneous or subcutaneous nodules and tumors can 
present a diagnostic challenge. They are also a source of great concern 
to parents, who fear the possibility of malignancy. Fortunately, most 


TABLE 48.5 Atopic Dermatitis: 
Associated Findings 


Ichthyosis vulgaris Affects 20% of patients with atopic 
dermatitis 


Primarily involves the legs and trunk 


Keratosis pilaris Asymptomatic hyperkeratotic follicular 
papules found mainly on the extensor 
surfaces of the upper arms and anterior 


thighs, also on the face in children 


Pityriasis alba Hypopigmented patches on the cheeks and 


occasionally upper body 


Hyperlinear palms/soles Common physical finding 


Dennie—Morgan fold A double line found under the lower eyelids 


Not pathognomonic 


Lichen spinulosus More commonly seen in darker skin 

Pruritic grouped hyperkeratotic 
follicular spires 

Eye findings Keratoconjunctivitis, cataracts, keratoconus 
(abnormally shaped cornea), retinal 


detachment (rare) 
Dyshidrotic eczema Firm vesicles found on the palms and soles 
and lateral aspects of digits 
Frequently associated with hyperhidrosis 


Nummular eczema 


Well-demarcated, scaly, coin-shaped lesions 
usually on the lower extremities 
Associated with xerosis 


Juvenile plantar dermatosis Occasionally exudative lesions 

Painful erythema, scaling, cracking, and 
fissuring of weight-bearing surfaces of the 
feet 

Often associated with hyperhidrosis 


Improvement after puberty 
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FIGURE 48.11 Atopic dermatitis in childhood with lesions of the arm (A), ankles (B), and neck (C). (From 
Papulosquamous eruptions. In: Cohen BA, ed. Pediatric Dermatology. Philadelphia: Saunders; 2013: 


68-103.) 


FIGURE 48.12 Eczema herpeticum infection in a patient with atopic dermatitis. Numerous punched out 
vesicles and erosions involving the face (A) and extremities (B). (From Papulosquamous eruptions. In: Cohen 
BA, ed. Pediatric Dermatology. Philadelphia: Saunders; 2013:68-103.) 


nodules and tumors in children are benign, and cutaneous malignan- 
cies are rare (Table 48.8). 


Granuloma Annulare 


Granuloma annulare is characterized by skin-colored to mildly erythe- 
matous dermal papules and nodules that may expand and coalesce into 
rings. These asymptomatic annular plaques measure 1-4 cm in diam- 
eter and appear most commonly on the dorsal hands and feet or 
extensor surfaces of the extremities (Fig. 48.13). The centers of these 
lesions usually appear normal but are occasionally hyperpigmented or 
violaceous in color. The overlying epidermis is unaffected. Multiple 
lesions are common, particularly in children. Granuloma annulare 
may be seen in all age groups, but at least 40% of cases occur before 
15 years of age. The etiology remains unknown. Some cases have been 
associated with preceding trauma, such as insect bites. Histologically, 
there is dermal infiltration of lymphocytes and histiocytes surrounding 
degenerated collagen. Some authorities postulate that the condition 
may result from a cell-mediated immune response. In children, this 
condition is less commonly associated with systemic diseases such as 
diabetes, as has been reported in adults. The eruption is most 
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FIGURE 48.13 Ring of confluent dermal papules with a depressed 
center typical of granuloma annulare. (From Kliegman RM, et al. Dis- 
eases of the dermis. In: Kliegman RM, et al, eds. Nelson Textbook of 
Pediatrics. 20th ed. Philadelphia: Elsevier; 2015:31 76.) 
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TABLE 48.6 Differential Diagnosis of Atopic Dermatitis 


Condition Similarities 


seborrheic dermatitis Scaly plaques 


Erythroderma may be seen when severe 


Contact dermatitis 


Primary irritant Common in infants, young children 
May have similar distributions depending on 


the irritant (i.e., cheeks, chin, neck) 


Allergic Pruritic 
Erythematous, papulovesicular eruption 
Psoriasis scaly, red lesions 
scabies Frequent eczematous changes secondary to 


scratching, rubbing, or irritating therapy 
Can be very difficult to distinguish in infancy 


Langerhans cell histiocytosis scaly, erythematous eruption 


Usually begins during 1st yr of life 


Vesiculobullous eczematoid lesions 
Onset during infancy 


Acrodermatitis enteropathica 


Wiskott—Aldrich syndrome severe eczematous dermatitis 


Phenylketonuria Eczematous eruption 


Hyper-IgE syndrome Symptoms begin in 1st 3 mo of life 
Eczematous dermatitis involving the face 
and extensor surfaces 


Personal or family history of atopy 


IgE, immunoglobulin E. 


commonly confused with that of tinea corporis, but tinea has epider- 
mal changes such as scaling, vesiculation, or pustules. 

There are several variants of granuloma annulare. Generalized 
granuloma annulare is characterized by many asymptomatic papules 
symmetrically distributed. The ringlike lesions may coalesce into retic- 
ulated or circinate forms. The features of subcutaneous granuloma 
annulare are single or multiple deep hard nodules on the extremities, 
buttocks, and scalp. This entity is most frequently mistaken for rheu- 
matoid nodules; however, the latter are usually larger. 


Differences 


Earlier onset is typical, can be seen in older children 

Increased severity associated with immunodeficiency disorders and 
neurologic dysfunction 

Pruritus minimal or absent 

Well-demarcated lesions 

Characteristic yellowish-salmon greasy lesions with intertriginous distribution 


Usually less pruritic and less eczematoid 
Diaper area distribution uncommon in atopic dermatitis 


Well circumscribed 
Uncommon in 1st few months of life 
Involutes spontaneously after the removal of the offending agent 


Deeper red-violaceous hue 
Thick micaceous scale 
Characteristic nail changes 
sharply demarcated lesions 
Distinct distribution 

Pruritus may be less intense 


Presence of hyperpigmented nodules 
Presence of burrows 

Isolation of a mite from skin scrapings 
Acute onset 

Affected household members 


Primarily children <3 yr of age 
Presence of purpuric papules 
Associated hematologic abnormalities, hepatosplenomegaly 


Acral, periorificial distribution 
Associated features: failure to thrive, diarrhea, alopecia, nail dystrophy, low 
serum zinc levels 


X-linked recessive disorder 
Associated features of thrombocytopenia, defects in cellular and humoral 
immunity, bloody diarrhea 


Hereditary 

Intellectual disabilty, seizures 

Diffuse hypopigmentation, blond hair, photosensitivity 
Elevated blood phenylalanine levels 


Coarse facial features, irregularly proportioned jaw and cheeks, broad nasal 
bridge, prominent nose, severe oral mucositis 

Lifelong history of severe streptococcal or staphylococcal infections of the 
skin, limbs, joints 

Exceptionally high serum IgE levels 

Diminished neutrophil chemotaxis 


Granuloma annulare resolves spontaneously over several months 
to years. Although more than 50% of cases clear within 2 years, recur- 
rences are common. Treatment is generally unnecessary, but the use of 
topical or intralesional corticosteroids may hasten resolution. 


Juvenile Xanthogranuloma 

Juvenile xanthogranulomas (JXGs) are papules, nodules, or plaques 
within the skin that are solitary or multiple; well demarcated; rubbery 
to firm; and yellow, orange, brown, or red in color. One of the most 
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TABLE 48.7 Atopic Dermatitis Management 
Therapeutic Modality 


Indications and Recommendations 


Mild, fragrance-free cleansers, such as Dove, Basis, Aveenobar, Olay, Cetaphil, or Aquanil, are essential. 


Bathing Recommended daily for 10-15 min with warm, not hot, water. 
May use fragrance-free bath oils. 
Hydrates the skin. 

Soaps 

Emollients 


Best applied immediately after bathing/showering. Should be used as often as possible. 


Petroleum jelly is an ideal emollient: contains no water, additives, or preservatives and prevents evaporative water loss 


from the skin. 


Thick creams such as Eucerin, Nivea, Aquaphor, Vanicream, and Cetaphil are some alternatives. 


Bleach (sodium hypochlorite) 


Depending on the size of the bathtub/amount of water used, 0.25—-0.5 U.S. cup (60—120 mL) of common bleach solution 


(6% sodium hypochlorite) is added to a full bath (40 gallon tub). Performed 2—3 times/wk to reduce S. aureus colonization. 


Compresses 


Indicated for acute weeping lesions. Helps cool and dry the skin, reduces inflammation. Use cool tap water or aluminum 


acetate solutions for 20 min, 2—4 times daily. Follow with topical corticosteroid application. 


Topical corticosteroids 


Indicated to reduce pruritus and inflammation. The potency of the topical corticosteroid is determined by the age of patient, 


site of involvement, severity of dermatitis, and duration of therapy. Facial and intertriginous skin should be treated with 
low-potency preparations. Apply before emollient. Use the lowest potency that is effective. Monitor closely for potential 
side effects, such as striae and cushingoid features. 


Topical Immunomodulators 
Antihistamines 


Tacrolimus and pimecrolimus may be effective steroid-sparing agents for more severe involvement. 
Controversial whether effective in this condition. Topical formulations should be avoided. May help some patients sleep. 


Hydroxyzine often more effective than diphenhydramine. May induce drowsiness. Nonsedating antihistamines include 


cetirizine, loratadine and fexofenadine. 


Antibiotics 


Patients have increased colonization with S. aureus. Use if multiple weeping excoriations, crusts, or pustules suggest 


secondary infection or if severe or resistant eczema is present. Treat with antistaphylococcal antibiotics; specific 


antibiotic is based on local sensitivities. 


Ultraviolet light 


Useful for severe, uncontrollable atopic dermatitis. May administer narrowband ultraviolet B light (NBUVB). 


Tars Useful for chronic, dry, lichenified lesions, not for acute dermatitis. 


Environmental conditions 


Environmental factors may influence the severity of the dermatitis. Some helpful measures: 


e Avoid fragrances in all topicals and laundry products. 


e Avoid wool, feathers, dust exposure. 
e Reduce house dust mites. 

e Eliminate animal dander. 

e Use plastic mattress covers. 

e Reduce stress/anxiety. 


e Increase environmental humidity to reduce skin evaporative losses. 


e Avoid smoking. 


systemic immunosuppressants Oral corticosteroids should be avoided. 


Cyclosporine, methotrexate, mycophenolate mofetil, and azathioprine have shown some benefit in the management of 
atopic dermatitis, but given the side effect profile, should be prescribed under the direction of a dermatologist. 


S. aureus, Staphylococcus aureus 


distinct clinical features of a JXG is its characteristic yellow color. On 
examination, an overlying telangiectasia may be visualized. Lesions are 
of variable size, usually 0.5-2 cm, and are most commonly located on 
the head and neck region. The differential diagnosis should include 
Spitz nevus, solitary mastocytoma, and occasionally nevus sebaceous. 
Biopsy demonstrates the characteristic histopathologic features of 
lipid-laden histiocytes and Touton giant cells. Most JXGs are asymp- 
tomatic, but occasionally they cause pruritus or pain. The lesions may 
be present at birth or within the Ist years of life. JXGs are usually 
benign, and treatment of cutaneous lesions is generally not required. 
After a brief period of growth, the lesion often stabilizes and involutes 
spontaneously in months to years. 

Multiple lesions should prompt a search for the rare possibility of 
extracutaneous involvement. The eye is the most common extracuta- 
neous site. Lesions may be found in the iris, and JXG is the most 


common cause of anterior chamber hemorrhage in children. The inci- 
dence of ocular disease in JXGs is approximately 0.3-0.4%. Ophthal- 
mologic examination is recommended if a JXG is present near the eye 
or with multiple lesions. Involvement has also been described in other 
organs including the testes, lungs, liver, spleen, heart, and central 
nervous system. An increased risk of juvenile myelomonocytic leuke- 
mia has been reported in the setting of patients with both neurofibro- 
matosis type 1 and JXGs. 


Vascular Lesions 

Spider Angioma (Nevus Araneus) 

Telangiectases are dilated capillaries that appear as red linear stellate 
or punctate lesions. There are many causes of primary telangiectasia 
(spider angiomas, hereditary hemorrhagic telangiectasia syndrome) 
and secondary telangiectasia, such as collagen vascular diseases. Spider 
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FIGURE 48.14 Pyogenic granuloma. pern ade with a 

central crust. (From Nodules and tumors. In: Cohen BA, ed. Pediatric 


Dermatology. Philadelphia: Saunders; 2013:126-147.) 


angiomas are the most common of the telangiectasias. In the pediatric 
age group, these lesions are typically not associated with systemic 
disease. Spider angiomas are seen most often on the face and tops of 
hands. They usually develop after 2 years of age. Small vessels radiate 
from a central punctum (arteriole), giving the appearance of a “spider.” 
When pressure is applied to the central punctum, the lesion blanches. 
Treatment, if desired, consists of gentle electrodesiccation or pulsed 
dye laser therapy. In some cases, spider angiomas clear without 
treatment. 


Pyogenic Granuloma 


Pyogenic granulomas are acquired vascular lesions that arise from the 
connective tissue of the skin or mucous membranes. These vascular 
nodules may be associated with antecedent trauma and represent a 
reactive, proliferative process. They are usually solitary, but multiple 
lesions occur in rare cases (Fig. 48.14). Arising as small red papules, 
pyogenic granulomas grow rapidly and can ulcerate, leading to profuse 
bleeding. Histologically, these lesions resemble infantile hemangiomas 
(IH). Unlike IH, onset after the 1st year of life is typical and spontane- 
ous regression is rare and recurrences may be seen. Treatment involves 
destruction by pulsed dye laser therapy, electrodesiccation, surgical 
removal, or cryotherapy. 


DISORDERS OF PIGMENTATION 


These conditions are often cosmetically disfiguring and persistent. 
They can be markers of serious systemic diseases. Pigmentary disorders 
may be localized or generalized; congenital or acquired; and transient, 
stable, or progressive (see Chapter 47). 


Acquired Disorders of Hypopigmentation 

or Depigmentation 

Postinflammatory Hypopigmentation 

Postinflammatory hypopigmentation is a common form of acquired 
hypopigmentation and may follow any inflammatory skin condition, 
including bullous disorders, infections, eczema, psoriasis, pityriasis 
rosea, secondary syphilis, insect bites, acne, pityriasis lichenoides 
chronica, and burns. More frequently detected in dark-skinned indi- 
viduals, the clinical findings consist of irregularly shaped hypopig- 
mented patches of variable size, often ill-defined, located at sites of 
preceding inflammation. Postinflammatory hypopigmentation usually 
resolves gradually over several months, and no treatment is necessary 
other than photoprotection. 


FIGURE 48.15 Poorly demarcated areas of hypopigmentation in pity- 
riasis alba. (From Papulosquamous eruptions. In: Cohen BA, ed. Pedi- 
atric Dermatology. Philadelphia: Saunders; 2013:66-103.) 


Pityriasis Alba 


Pityriasis alba is characterized by oval but poorly demarcated, slightly 
scaly, hypopigmented macules or patches located on the face (typically 
the cheeks), upper trunk, or extensor surfaces of the arms (Fig. 48.15). 
The lesions generally vary from 0.5-2 cm in diameter, are often mul- 
tiple, and are usually asymptomatic. Sun exposure may increase the 
contrast with normal skin, prompting patients to seek treatment. An 
association with atopic dermatitis may be seen, and differentiating this 
from postinflammatory hypopigmentation associated with patches of 
atopic dermatitis may be difficult. In contrast to postinflammatory 
hypopigmentation, the histology of pityriasis alba demonstrates low- 
grade inflammation. Pityriasis alba may resemble tinea versicolor 
or tinea corporis but can be differentiated by negative KOH results. 
The hypopigmentation typically persists for several months to years. 
Although no therapeutic intervention is required, the use of emollients 
and low-potency topical corticosteroids may be effective. 


Vitiligo 

Vitiligo is an acquired disorder characterized by complete loss of the 
pigment of the involved skin. The condition often manifests during 
childhood and is believed to be linked to specific genetic mutations. 
Many authorities believe that vitiligo is an autoimmune process with 
circulating antibodies that destroy melanocytes. There is an increased 
incidence of autoimmune diseases in affected individuals and their 
families. The incidence of vitiligo in persons with diabetes mellitus is 
also higher than that in the general population. 

The onset of vitiligo may be precipitated by sunburn or other 
trauma. Physical findings are usually sufficient for establishing the 
diagnosis. Well-demarcated depigmented macules and patches that are 
often bilateral and symmetric are distributed on the extremities, on the 
periorificial areas, and within skin folds. In some cases, depigmenta- 
tion may have a segmental distribution. This variant is seen more 
commonly in children than in adults. The clinical course is unpredict- 
able. Spontaneous complete repigmentation is unusual; however, 
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partial repigmentation may be seen, especially within lesions of less 
than 2 years’ duration. Repigmentation proceeds gradually and is more 
likely to occur in children than in adults. 

Treatment response often takes months. For limited involvement, 
topical corticosteroids are most frequently used, but calcineurin inhib- 
itors provide an option in places where corticosteroids may be prefer- 
able to avoid. For more widespread involvement in motivated, 
compliant patients, phototherapy may provide the best chance of 
repigmentation. Other interventions may consist of camouflage with 
cosmetics to reduce the contrast between affected and unaffected sites 
and careful photoprotection to prevent the development of cutaneous 
malignancy. Bleaching agents are another option in individuals with 
depigmentation of greater than 50% of their cutaneous surface. 


Disorders of Hyperpigmentation 
Lentigines 
Lentigines are 1- to 5-mm macules that are darker than freckles and 
may occur on any cutaneous site, including the mucous membranes. 
Lentigines have no seasonal variance, and those that manifest during 
early childhood often disappear during adulthood. A lentigo may be 
clinically indistinguishable from a junctional nevus (mole); however, 
these lesions are histologically distinct. 

Several syndromes are associated with multiple lentigines. Lentigi- 
nosis profusa is an entity characterized by multiple deeply pigmented 


TABLE 48.9 Neurocutaneous Syndromes 


macules that are usually present at birth or in early infancy. These 
individuals have no associated systemic or developmental abnormali- 
ties, unlike children with LEOPARD syndrome (multiple lentigines, 
electrocardiograph abnormalities, ocular hypertelorism, pulmonic ste- 
nosis, abnormal genitalia, growth retardation, and neural deafness), 
which also manifests during infancy. Multiple lentigines located on the 
mucous membranes, especially the vermilion border of the lips and 
buccal mucosa, should alert the clinician to the possibility of Peutz— 
Jeghers syndrome, which is characteristically associated with intestinal 
polyposis and subsequent risk of malignant transformation and intus- 
susception. Solar lentigines occur in sun-exposed areas in older 


children. 


Cafe-Au-Lait Macules 


Café-au-lait macules are well-circumscribed tan macules that usually 
measure less than 0.5 cm and may be as large as 15-20 cm in diam- 
eter. The lesions are found on any cutaneous site and may be present 
at birth or appear during early childhood. Although café-au-lait spots 
are seen in 10-20% of normal individuals, the presence of many 
macules should raise the clinical suspicion of neurofibromatosis 
(Table 48.9). The presence of 6 or more café-au-lait spots (>0.5 cm 
in prepubertal children; >1.5 cm in postpubertal children) fulfills 1 
of the diagnostic criteria for neurofibromatosis type 1. Although the 
lesions are not pathognomonic, they are present in most patients 


Syndrome Mode of Inheritance 


Tuberous sclerosis Autosomal dominant 


Neurofibromatosis (NF) Autosomal dominant 


(NF1 >85% of cases) 


Incontinentia pigmenti X-linked dominant 


CNS, central nervous system; IO, intelligence quotient. 


Cutaneous Findings 


Ash leaf macules 

Angiofibromas (adenoma sebaceum) 
Shagreen patches 
Periungual/subungual fibromas 
Gingival fibromas 


Café-au-lait macules (>6 measuring 
>1.5 cm) in adults and >0.5 cm in 
children 

Axillary, inguinal freckling (Crowe sign) 

Neurofibromas 

Blue-red macules and pseudoatrophic 
macules (involuted neurofibromas) 


Lisch nodules (melanocytic hamartomas of 
the iris) 


Phase 1: inflammatory vesicles/bullae in 
crops over trunk and extremities, may 
persist weeks to months 

Phase 2: irregular linear verrucous lesions 
on =1 extremity, resolves spontaneously 
within several months 

Phase 3: brown to blue-gray hyper- 
pigmentation, swirl-like formations on 
extremities and trunk; increases in 
intensity through 2nd yr of life, then 
remains stable or fades over many years 

Phase 4: streaked hypopigmented lesions 


Systemic Findings 

CNS involvement (seizures, intellectual disabilty, 
cortical tubers) 

Cardiac rhabdomyomas 

Retinal gliomas 

Renal carcinoma or hamartoma 

Renal or pulmonary cysts 

Skeletal abnormalities 


Acoustic neuroma in NF2 

Optic glioma may result in exophthalmos, 
decreased visual acuity 

Intellectual disability (rarely) 

Seizure disorders (rarely) 

Tumors (astrocytomas) 

Hyperactivity, macrocephaly 

Learning disabilities, speech delay 

Osseous defects (up to 50%) 

Intestinal neurofibromas 

Endocrine disorders 

Eosinophilia 

CNS involvement (seizures, spasticity, 410) in 30% 

Spasticity 

Ophthalmic changes (strabismus, cataracts, optic 
atrophy, retinal damage) 

Alopecia 

Skeletal abnormalities 

Dental abnormalities 
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with neurofibromatosis and tend to be larger and more numerous. 
Café-au-lait spots have also been associated with tuberous sclerosis, 
McCune—Albright syndrome, Turner syndrome, Bloom syndrome, 
ataxia-telangiectasia, Russell-Silver syndrome, Fanconi 
Gaucher disease, and Chédiak—Higashi syndrome. 


anemia, 


Postinflammatory Hyperpigmentation 


Postinflammatory hyperpigmentation is the most common cause of 
acquired hyperpigmentation in children. This pigmentary alteration 
can follow any inflammatory insult and is seen commonly after insect 
bites, acne, drug reactions, or other skin trauma. The clinical features 
are usually more striking in darkly pigmented individuals and often 
may be more pronounced than the original inflammatory lesions. The 
increased pigmentation usually resolves gradually over several months 
to years. 


Acquired Melanocytic Nevi 


Acquired melanocytic nevi arise during early childhood as 1- to 2-mm 
brown macules occurring most often on sun-exposed skin. These early 
flat nevi usually represent junctional nevi, in which nests of nevus cells 
are located along the dermoepidermal junction. Over time, some nevus 
cells may spread into the dermis, forming compound melanocytic nevi, 
which clinically appear somewhat larger and more papular than junc- 
tional nevi. In some nevi, the nevus cells may become restricted to the 
dermis. These intradermal nevi are usually fleshy or even pedunculated 
in appearance. Located usually on the head, neck, or upper trunk, these 
nevi may clinically resemble skin tags. 

There is a gradual increase in the number of nevi during childhood 
and adolescence. The average individual acquires approximately 20-40 
melanocytic nevi. This number peaks at 25 years of age. In general, 
fair-skinned persons have a greater number of nevi than do darkly 
pigmented persons. 


Melanoma 


Although melanomas are very rare in childhood, their incidence is 
increasing and can present with atypical features compared to the 
classic criteria of adult cases. The overall lifetime risk of melanoma in 
white persons in the United States is currently approximately 1 in 50 
individuals. Melanoma can arise de novo or from preexisting congeni- 
tal or acquired melanocytic nevi. Nevi should be observed for specific 
changes that may be indicative of malignancy. These alterations 
include: 
1. Rapid growth of the nevi 
2. Changes in texture, including nodularity, crusting, ulceration, 
bleeding, or loss of normal skin lines 
3. Changes in pigmentation, especially the development of red, white, 
or blue hues 
4. Border irregularity, especially notched or scalloped edges 
5. Symptoms of itching, tenderness, or pain 
In general, melanomas occur more frequently in light-pigmented 
individuals, in individuals with a high nevus count, and in those 
with a family history of melanoma. Melanomas usually appear as 
darkly pigmented nodular masses, often with color variegation, larger 
than 6 mm in diameter. They are often asymmetric and tend to have 
irregular borders and surface characteristics. Melanomas must be dif- 
ferentiated from other benign pigmented lesions, including congenital 
and acquired melanocytic nevi, blue nevi, Spitz nevi, vascular lesions 
such as hemangiomas and pyogenic granulomas, and pigmented 
lesions caused by trauma. Suspect lesions should be referred to a 
dermatologist. 
The mortality rate of melanoma is estimated to be between 10% 
and 20%. The prognosis depends on the thickness of the lesion. For 


lesions less than 0.75 mm in depth, the prognosis is excellent. Surgical 
excision is the treatment of choice. Patients should be educated on the 
importance of photoprotection with broad-spectrum (ultraviolet A 
and B) sunscreens. 


REACTIVE ERYTHEMAS 
Morbilliform Drug Eruption 


Morbilliform (measles-like) eruptions are the most common cutane- 
ous manifestations of drug-induced eruptions in children. In this 
eruption, fine erythematous macules and papules are distributed over 
the trunk. The rash often spreads centripetally from the trunk to the 
extremities. Lesions may coalesce into large plaques and are usually 
pruritic. Morbilliform drug eruptions are often difficult to differentiate 
from viral exanthems. It is believed that concomitant viral infections 
may predispose susceptible individuals to develop an allergic morbil- 
liform drug eruption. 

Many agents, including common antibiotics, can trigger a morbil- 
liform drug eruption. These medications include penicillins, sulfon- 
amides, thiazides, sulfonylureas, nonsteroidal antiinflammatory drugs 
(NSAIDs), aromatic anticonvulsants, and gold. Treatment includes 
prompt diagnosis with discontinuation of the offending medication 
and symptomatic care with antihistamines and emollients. The rash 
may last an average of 1-2 weeks and sometimes progresses despite 
discontinuation of the offending medication. In rare cases for which 
discontinuation of the offending medication is not possible, continu- 
ation of the medication with close monitoring for the development of 
a more severe reaction may be considered as tolerance may develop 
with subsequent resolution of the eruption. 

Although this eruption is usually self-limited, it may be an 
early manifestation of a more severe reaction such as Stevens- 
Johnson syndrome (SJS), toxic epidermal necrolysis (TEN), or 
DRESS (drug reaction with eosinophilia and systemic symptoms). 
Worrisome signs and symptoms of these life-threatening entities 
may include high fever, mucous membrane involvement, lymph- 
adenopathy, and other systemic involvement. Signs of visceral 
involvement may include elevated hepatic transaminases, hematologic 
changes, or renal manifestations. 


Fixed Drug Eruption 


A fixed drug eruption is characterized by the sudden development of 
solitary or multiple well-demarcated, annular, erythematous, or hyper- 
pigmented plaques. One of the distinguishing features is persistent 
postinflammatory hyperpigmentation, which may last weeks to 
months after the eruption subsides. The size of the lesion may vary, 
and the sites of predilection include the lips, trunk, legs, arms, and 
genitals. In some cases, the lesion may have a central bulla. Systemic 
symptoms are rare, although the patient may complain of local pruri- 
tus or a burning sensation. 

Discontinuation of the offending medication causes a decrease in 
the intensity of the erythema and edema; repeated challenge with the 
same agent causes a reappearance of the lesion in the same location 
and may produce new lesions. Future outbreaks may be progressively 
more severe. The most common agents inducing fixed drug eruption 
include barbiturates, sulfonamides, tetracyclines, phenolphthalein, 
paracetamol, salicylates, NSAIDs, and even certain foods that contain 
yellow dye No. 5. Treatment is aimed at discontinuation and avoidance 
of the offending agent. 

When numerous lesions occur, the condition may resemble ery- 
thema multiforma (EM), and the clinical history becomes paramount 
in establishing the diagnosis, particularly as there is significant histo- 
logic overlap. 
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HYPERSENSITIVITY REACTIONS 
Urticaria 


Urticaria is characterized by transient, edematous, erythematous, often 
annular wheals (Fig. 48.16). Central clearing may be seen but is not 
always present. The eruption is often sudden and pruritic, and each 
lesion rarely lasts longer than a few hours. Although the lesions are 
transient, they may continue to appear in new locations, and the entire 
urticarial episode may last hours to years. 

Giant annular urticarial lesions are usually large, up to 20-30 cm, 
and polycyclic. A centrally bruised appearance is common within these 
lesions. Lesions may be of different sizes with bizarre shapes and pat- 
terns. Affected patients are often irritable and may have edema of the 
hands, eyelids, or feet. Angioedema is a form of urticaria that mani- 
fests with marked edema affecting deeper tissue planes and frequently 
involves the lips, dorsum of the hands or feet, scalp, scrotum, or peri- 
orbital tissue. 

Giant annular lesions are often confused with the target lesions of 
EM. However, there are key features by which to differentiate the 2 
disorders. Urticarial lesions, by definition, are transient and individual 
lesions last less than 24 hours, whereas lesions in EM are fixed and 
usually last 1-2 weeks in the same anatomic location. Outlining the 
lesions with a marker may help determine whether the lesions are fixed 
or transient. Another differentiating feature is that the lesions in EM 
usually have a dusky, necrotic center or blister. A skin biopsy may also 
aid in differentiating between the 2 disorders (‘Table 48.10). 

Urticaria may be defined as either acute or chronic. Acute urticaria 
lasts less than 6 weeks. When hives continue to develop for more than 
6 weeks, urticaria is considered to be chronic. Acute urticaria has 
numerous etiologies but is often caused by medications (particularly 
antibiotics), foods, infections, or environmental stimuli such as 
stinging insects (Table 48.11). The cause of chronic urticaria is typi- 
cally difficult to determine and there is a broad list of etiologies 


FIGURE 48.16 Acute urticaria. Giant annular urticaria with large, 
bizarre shapes. (From Lee AD, Jorizzo JL. Acute urticaria. In: Dermato- 
logic Signs of Internal Disease. 2009:53-62.) 


(Table 48.11). A thorough history and a careful physical examination 
are the most helpful tools for determining the cause. There is no 
routine battery of laboratory tests that should be obtained for the 
evaluation of urticaria. However, evaluation for infection and other 
causes as suggested by the history and physical examination findings 
should be pursued. 

Urticaria is usually self-limited. Treatment of pruritus consists of 
elimination of identifiable causes and administration of antihista- 
mines. Hydroxyzine and diphenhydramine are often used but produce 
drowsiness. Nonsedating antihistamines are popular, but prescribers 
must be aware of potential interactions with concurrent medications. 
H,- and H,-blockers may be combined as needed. Systemic steroids 
are usually not indicated unless there is airway involvement or 
anaphylaxis. 


Erythema Multiforme 


Erythema multiforme (EM) is a distinct hypersensitivity eruption that 
has numerous implicated etiologies but is most often associated with 
HSV infection. Additional etiologies include other infections, and less 
commonly medications (‘Table 48.12). This self-limited condition lacks 
internal organ involvement and has minimal complications. EM may 
not be preceded by a clinically recognizable herpetic lesion, but PCR 
and in situ hybridization techniques have demonstrated HSV DNA 
and antigens in the lesions of EM. 

The clinical picture in EM may be variable. The typical lesion in 
EM is an erythematous papule with a dusky, purpuric, or necrotic 
center (Fig. 48.17). The lesions are described as targetoid with concen- 
tric zones of color change: a dusky center or blister, a peripheral ring 
of pale edema, and an erythematous halo. Some lesions may not dem- 
onstrate the characteristic concentric changes, and the appearance of 
the lesions may be variable depending on the stage at which the lesion 
is visualized. Lesions start as red macules or urticaria and expand to 
form the target appearance. The Koebner phenomenon may be seen 
with lesions occurring in areas of injury. The lesions present abruptly 
and symmetrically. They are commonly distributed on the upper 
extremities and may appear on the dorsa of the hands, feet, palms, and 
soles (Table 48.10). 

Erythema multiforme minor is often differentiated from erythema 
multiforme major. EM minor consists of mainly cutaneous lesions with 
0-1 areas of mucosal involvement, typically orolabial. EM major has a 
similar cutaneous eruption with 2 or more sites of mucosal involve- 
ment with more extensive oral involvement. The mucous membranes 
most commonly involved are the conjunctiva and oral mucosa. Patients 
with EM major associated with Mycoplasma infection usually have 


TABLE 48.10 Urticaria Versus 
Erythema Multiforme 


Urticaria 

Transient lesions: usually last for 
hours 

Asymmetric, variable, and bizarre 
shapes 

No epidermal change: may have 
central clearing 

Continued appearance of new 
lesions 

Associated edema of hands/feet, 
eyelids 

Generalized 


Erythema Multiforme 

Fixed lesions: lasting several days 
in the same location 

Usually round or oval 

Epidermal change: usually central 
necrosis, duskiness, blistering or 
crusting 

All lesions present within 1st 
few days 

No edema 

Acral distribution 
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TABLE 48.11 Etiology of Acute and 


Chronic Urticaria 


Etiology of Acute Urticaria 

Foods Eggs, milk, wheat, peanuts, tree nuts, soy, 
shellfish, fish, strawberries, food additives 
(direct mast cell degranulation) 


Medications Suspect all medications, even topical, 
nonprescription or homeopathic (examples 


include penicillin, aspirin, sulfonamides, codeine) 


Insect stings Hymenoptera (honeybee, yellow jacket, hornets, 


wasp, fire ants), biting insects (papular urticaria) 


Infections Bacterial (streptococcal pharyngitis, Mycoplasma, 
sinusitis); viral (hepatitis, mononucleosis 
[Epstein—Barr virus], coxsackieviruses A and B); 
fungal (dermatophytes, Candida ); parasitic 
(Ascaris, Ancylostoma, Echinococcus, Fasciola, 
Filaria, Schistosoma, Strongyloides, Toxocara, 


Trichinella) 


Contact allergy Latex, pollen, animal saliva, nettle plants, 


caterpillars 


Transfusion reactions Blood, blood products, or IVIG administration 


Etiology of Chronic Urticaria 
Idiopathic/ Approximately 30% of chronic urticaria cases are 
autoimmune physical urticaria and 60—70% are idiopathic. Of 
the idiopathic cases approximately 35—40% 
have anti-IgE or anti-FceRI (high-affinity IgE 
receptor chain) autoantibodies (autoimmune 
chronic urticaria) 


Physical Dermatographism 

Cholinergic urticaria 

Cold urticaria 

Delayed pressure urticaria 

Solar urticaria 

Vibratory urticaria 

Aquagenic urticaria 

Autoimmune 
diseases 


systemic lupus erythematosus 
Juvenile idiopathic arthritis 
Thyroid (Graves, Hashimoto) 
Celiac disease 
Inflammatory bowel disease 
Leukocytoclastic vasculitis 
Autoinflammatory/ 
periodic fever 
syndromes 


NOMID (neonatal-onset multisystem inflammatory 
disease) 

Muckle-Wells syndrome 

Familial cold autoinflammatory syndrome 

Cold urticaria, immunodeficiency, autoimmunity as 
a result of PLCG2 deficiency 

Lymphoma 

Mastocytosis 

Leukemia 


Neoplastic 


Angioedema Hereditary angioedema (autosomal dominant 
inherited deficiency of C1-esterase inhibitor) 
Acquired angioedema 


Angiotensin-converting enzyme inhibitors 


IVIG, intravenous immunoglobulin. 

From Lasley MV, Kennedy MS, Altman LC. Urticaria and angioedema. 
In: Altman LC, Becker JW, Williams PV, eds. Allergy in Primary Care. 
Philadelphia: Saunders; 2000:232-234. 


TABLE 48.12 Precipitating Factors in 
Erythema Multiforme-Like Reaction 


Infection (90% of Viral Herpes simplex virus (HSV-1, 
cases) HSV-2) 
Parapoxvirus 
Vaccinia (smallpox vaccine) 
Varicella-zoster virus 
Adenovirus 
Epstein—Barr virus 
Cytomegalovirus 
Hepatitis virus 
Coxsackievirus 
Parvovirus B19 
Human immunodeficiency virus 


Bacterial Mycoplasma pneumoniae 


Chlamydophila (formerly Chlamydia) 
psittaci 

Salmonella 

Mycobacterium tuberculosis 

Histoplasma capsulatum 

Dermatophytes 


Medications Nonsteroidal antiinflammatory drugs 
sulfonamides 

Anticonvulsants 

Other antibiotics 


Allopurinol 


Exposures (unusual) Poison ivy 


Systemic disease (rare) Inflammatory bowel disease 
Lupus erythematosus 


Behcet disease 


*Most common causes are bolded. 


lesions in a predominantly acral distribution, and the eruption tends 
not to be as generalized as in SJS. 

Histopathologic study of the lesions usually demonstrates a peri- 
vascular lymphocytic infiltrate with individual keratinocyte necrosis. 
There may be vacuolar degeneration of the basal layer, spongiosis, 
papillary dermal edema, and junctional or subepidermal cleft forma- 
tion. In general, patients with EM major tend to have increased inflam- 
mation and decreased epidermal necrosis in comparison with patients 
with SJS. 

The disease is usually self-limited and necessitates supportive 
treatment with analgesics, topical steroids, and antihistamines for 
symptomatic relief. Systemic steroids are not indicated. Lesions often 
heal within 1-3 weeks and may leave residual hyperpigmentation. 
In children with recurrent HSV-associated EM, antivirals may prove 
helpful. Antimicrobial treatment is warranted if M. pneumoniae is 
diagnosed. 


Stevens—Johnson Syndrome/Toxic 


Epidermal Necrolysis Complex 

Most authorities consider SJS and TEN to be part of a continuum of 
disease. They are severe reactions most often elicited by medications 
with frequent internal organ involvement and an increased incidence 
of complications and sequelae. SJS and TEN differ in the severity of 
body surface involvement. In SJS, there is less than 10% body surface 
involvement; with 10-30% body surface involvement, the condition is 
labeled SJS/TEN overlap; and TEN refers to cases with more than 30% 
body surface involvement. 
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FIGURE 48.17 Target lesions of erythema multiforme with character- 
istic dusky centers on the palms (A) and dorsum of the hand (B). (A, 
From Kliegman RM, et al. Ne/son Textbook of Pediatrics. 20th ed. Phila- 
delphia: Elsevier; 2015:3142; B, From Bolognia JL, et al. Erythema 
multiforme, Stevens-Johnson syndrome, and toxic epidermal necroly- 
sis. In: Bolognia JL, et al. Dermatology Essentials. Elsevier; 2014: 
140-150). 


SJS is a unique hypersensitivity reaction. Although many factors 
have been implicated in the origin of SJS/TEN, medications are the 
most common causes in children. In particular, sulfonamides, anticon- 
vulsants (phenytoin, carbamazepine, lamotrigine, phenobarbital), and 
NSAIDs are cited as some of the most common triggers. The nature 
of the reaction is not clearly understood, but it is believed to be a 
cytotoxic immune reaction aimed at the destruction of keratinocytes 
expressing drug-related antigens. In children, infections are also 
associated with SJS. Classifications such as Mycoplasma pneumoniae- 
associated mucositis have been used when children have documented 
M. pneumoniae infection with predominant mucosal involvement and 
limited SJS/TEN cutaneous involvement. 

SJS usually begins with a nonspecific prodrome followed by gener- 
alized blisters, erosions, erythema, and hemorrhagic crusting of 
mucous membranes of the mouth, nose, eyes, and/or genitalia as well 
as the trunk and extremities (Fig. 48.18). At least 2 mucous membranes 
must be involved to establish this diagnosis. Lesions are usually round- 
ish, irregularly shaped, and less targetoid with numerous erythematous 
to violaceous macules and papules with dusky centers. The macules 
may then quickly progress to bullae with skin necrosis. Involvement 
usually begins more proximally, with a predilection for the face, chest, 
and neck. There is a striking tendency for coalescence, reminiscent of 
a diffuse erythema. The eruption in SJS is more generalized and tends 
to be more truncally distributed than that of EM major. 

Histopathologic findings in SJS are characterized by prominent 
epidermal necrosis with minimal inflammation. Epidermal injury and 
subepidermal separation may be observed. Spongiosis and dermal 
edema are usually absent. 

TEN is the most severe hypersensitivity reaction, with an estimated 
mortality rate of 5-20%. Patients experience tender erythema of the 
skin that progresses rapidly to blistering and subsequent denudation. 
Malaise and prolonged fever often accompany these skin changes. 
Sheets of necrotic epidermis may slough off and leave denuded patches 
in areas of pressure, such as the back and shoulders. Mucous mem- 
branes are typically involved, and lesions are similar to those seen in 
SJS with flaccid, hemorrhagic blisters. In severe cases of TEN, sheets 
of necrotic epidermis may include skin appendages such as fingernails 
and toenails. 


FIGURE 48.18 A, Erosions and crusting of the lips in Stevens-Johnson syndrome. B, Widespread blistering 


and erosions of the skin and mucous membranes. (From Vesicopustular eruptions. In: Cohen BA, ed. Pedi- 


atric Dermatology. Philadelphia: Saunders; 2013.) 
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Systemic signs such as fever, weakness, and arthralgia occur 
commonly. SJS/TEN may be complicated by dehydration, electrolyte 
imbalance, and bacterial infection or sepsis. TEN is often accompanied 
by a systemic toxic state with increased morbidity and mortality. Gen- 
eralized lymphadenopathy and hepatosplenomegaly may be present. 
Internal organ involvement, manifesting as tracheal and bronchial 
symptoms, pneumonitis, hepatitis, acute kidney injury, myocarditis, 
confusion, and coma, can be prominent in TEN. 

Supportive therapy is the mainstay of treatment. Some physicians 
believe that systemic corticosteroids are helpful in SJS/TEN, although 
this remains a topic of controversy as studies have not shown it to be 
efficacious with reports of increased morbidity and mortality. Removal 
of the offending medication or triggering factor is of utmost impor- 
tance. Careful ophthalmologic monitoring is necessary because corneal 
scarring may lead to blindness. Affected patients are cared for as if they 
sustained a severe burn; fluid and electrolyte balance, temperature 
control, protein loss, and prevention of infection are serious concerns. 
Affected children usually require initial management in a pediatric 
intensive care unit or burn center. Intravenous immunoglobulin 
(IVIG) may be considered because its use has shown some improved 
outcomes. 

With meticulous supportive care, most children survive; however, 
there is a high morbidity. Poor prognostic factors include neutropenia, 
impaired renal function, and extensive skin lesions. Recovery is slow; 
skin lesions require several weeks to heal, depending on the extent of 
involvement. Scarring and stricture formation may occur at mucosal 
sites, as well as postinflammatory hypo- or hyperpigmentation. 


Allergic Contact Dermatitis 


Allergic contact dermatitis is an example of a type IV delayed hyper- 
sensitivity reaction. This T cell-mediated immune response occurs 
after contact of the responsible antigen with the skin. The reaction 
becomes apparent 7-14 days after the 1st antigenic exposure. Future 
contact with the same antigen provokes an inflammatory response 
within hours to 1-3 days. 

Acute contact dermatitis is usually characterized by the sudden 
onset of erythema, vesiculation, edema, and intense pruritus. Chronic 
contact dermatitis results in the development of lichenification, 
scaling, and hyperpigmentation and can be complicated by secondary 
bacterial infection. Poison ivy is the most common cause of allergic 
contact dermatitis (Rhus dermatitis) in the United States. Direct 
contact of the skin with the sap of poison ivy, oak, or sumac may result 
in dermatitis. Contact with clothing or pets that have been exposed 
to the plant resin or smoke from the fire of such plants being burned 
are other forms of exposure. The eruption is usually seen as linear 
vesicles and papules or plaques. The spread to body sites is caused by 
exposure to the plant resin, not by the blister fluid. Therefore, scratch- 
ing affected skin or contact with affected individuals should not result 
in spreading of the eruption. Other common forms of allergic contact 
dermatitis result from exposure to cosmetics, fragrances, hair dyes, and 
nickel. 

Nickel dermatitis often results from prolonged contact with the 
nickel in jewelry or belt buckles (Fig. 48.19). The eczematous changes 
are usually localized to the sites of contact, including the earlobes, 
neckline, wrists, and waistline, although generalized lichenoid papular 
id reactions have been described. The diagnosis of contact dermatitis 
can usually be determined from history and clinical examination find- 
ings. The distribution of linear or well-demarcated areas may be 
helpful in confirming the diagnosis. When allergic contact dermatitis 
is suspected but the responsible agent is unclear, patch testing with a 
selected group of antigens may provide useful information. Prevention 
of future exposure to inciting antigens is necessary. 


FIGURE 48.19 Nickel contact dermatitis. Wrist lesions in the distribu- 
tion of the nickel bracelet clasp. (From Cohen BA, Davis HW, Gehris 
RP. Dermatology. In: Zitelli BJ, et al, eds. Atlas of Pediatric Physical 
Diagnosis. Philadelphia: Saunders; 2012:299-368.) 


Usually, treatment with topical corticosteroids, emollients, and 
antihistamines is sufficient to control the eruption. However, wide- 
spread dermatitis or severe involvement of the face may necessitate 
administration of systemic corticosteroids. Wet compresses with alu- 
minum acetate aid in the drying of weeping, vesicular lesions and 
provide symptomatic relief. 


BULLOUS LESIONS 


Staphylococcal Scalded Skin Syndrome 


Staphylococcal scalded skin syndrome (SSSS) (‘Table 48.13) is an exfo- 
liative dermatitis produced by staphylococcal epidermolytic toxins 
associated with S. aureus phage group II. The condition is most 
common in children younger than 5 years. The condition may be local- 
ized, as in the case of bullous impetigo, or become more generalized 
as the result of hematogenous spread of the epidermolytic toxin from 
localized sites of infection. The diagnosis of SSSS should be considered 
in children with generalized tender erythema. The onset of the ery- 
thema may be preceded by fever, skin tenderness, malaise, and irritabil- 
ity. The initial sites of involvement are the flexural (neck, groin, and 
axillae) and periorificial skin. Circumoral erythema with radial crust- 
ing and fissuring around the mouth, eyes, and nose is characteristic 
(Fig. 48.20). A positive Nikolsky sign, the ability to laterally spread a 
blister or slough the skin with the application of light tangential pres- 
sure, is seen in most cases. Flaccid bullae, sheets of desquamating skin, 
or moist red erosions may be present, with the desquamation phase 
typically beginning 2-5 days after the onset of erythema. Healing 
without residual scarring occurs within 1-2 weeks. Patients may have 
conjunctivitis and superficial lip erosions, but in contrast to SJS or 
TEN, the mucosal surfaces are usually unaffected. The diagnosis is 
usually established from the clinical presentation. S. aureus may be 
isolated from a minority of blood cultures. The organism is more likely 
to be isolated from distant sites, such as the nares, throat, and conjunc- 
tivae, than from the bullae themselves. In some children, the toxin may 
be produced by an underlying infection, such as pneumonia, osteomy- 
elitis, or septic arthritis. 

Oral antibiotics may be indicated in localized SSSS. Children with 
widespread involvement usually require hospitalization and treatment 
with intravenous antistaphylococcal antibiotics with antibiotic choice 


TABLE 48.13 Childhood Skin Eruptions Categorized by Etiology 


Entity 
I. Hereditary 


A. Epidermolysis bullosa 
(AR, AD) 


. Incontinentia 
pigmenti (X-linked 
recessive) 


. Porphyria cutanea 
tarda [AD or acquired) 


. Epidermolytic 
hyperkeratosis 
(bullous congenital 
ichthyosiform 
erythroderma) (AD) 


. Autoimmune 

. Linear IgA 
disease (chronic 
bullous disease of 
childhood) 


. Bullous pemphigoid 


C. Pemphigus vulgaris 


D. Pemphigus foliaceus 


Clinical Clues 


Bullae at birth in more severe forms 

Localized or widespread 

Dystrophic nails in some forms 

Bullae induced by trauma, friction; may occur 
spontaneously 

Mucosal involvement in severe forms 


Crops of blisters at birth or early infancy 

Often linear 

May have coexistent streaky hyperpigmentation 

Eosinophilia 

Associated CNS, dental, ocular, cardiac, skeletal 
abnormalities 

Girls affected; boys may have Klinefelter 
syndrome 


On dorsal hands, other sun-exposed skin 
Heal with milia formation 

Increased fragility of skin 

Hypertrichosis 


Bullae within the 1st wk after birth 
Verruciform scales on flexural surfaces 
Hyperkeratosis after the 3rd mo 

Collodion membrane at birth in some cases 


Onset usually before the age of 6 yr 

Sites of predilection: perioral, periocular, lower 
abdomen, buttocks, anogenital region 

Annular or rosette configuration of tense blisters: 
“cluster of jewels” 

Mucous membranes commonly involved 

Spontaneous remission 

DIF shows linear deposits of IgA at DEJ 


Large, tense subepidermal bullae 

Lower abdomen, thighs, face, flexural areas 
Oral lesions common; rare in children 

DIF shows linear deposits of C3 and IgG at DEJ 


Flaccid bullae, persistent erosions 

Seborrheic distribution 

Mucosal involvement very common, usually the 
initial manifestation 

Positive Nikolsky sign 

DIF with intercellular (desmosomal) deposits of 
IgG, C3 

small flaccid bullae or shallow erosions with 
scaling, crusting 

Back, scalp, face, upper chest, abdomen; 
photodistribution 

Oral lesions uncommon 

May resemble a generalized exfoliative 
dermatitis 

DIF shows intercellular deposition of IgG, C3 in 
Superficial epidermis 
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Entity 
E. Dermatitis 
herpetiformis 


lll. Infectious 

A. Bacterial 

1. Staphylococcal 
scalded skin syndrome 
(9599) 


2. Bullous impetigo 


B. Viral 
1. Herpes simplex virus 


2. Varicella 


3. Herpes zoster 


4. Hand-foot-mouth 
syndrome 
(coxsackievirus) 


Clinical Clues 


Intensely pruritic 

Associated with Celiac disease 

Extensor surfaces of elbows, knees, buttocks, 
shoulders, neck 

Hemorrhagic lesions on palms and soles 

DIF shows granular deposition of IgA in dermal 
papillae 


Generalized, tender erythema 

Positive Nikolsky sign 

Occasionally associated with underlying infection 
such as osteomyelitis, septic arthritis, 
pneumonia 

Desquamation, moist erosions observed 

More common in children <5 yr of age 


Localized SSSS 

Transparent flaccid bullae initially, then moist 
erythematous shallow erosions once bullae 
disrupted 

Covered sites of trunk and perineum likely, can 
occur on face and extremities 


Grouped vesicles on erythematous base 

May be recurrent at the same site: lips, eyes, 
cheeks, hands 

Reactivated by fever, sunlight, trauma, stress 

Positive Tzanck smear, herpes PCR 


Crops of vesicles on erythematous base: 
“dewdrops on rose petal” 

Highly contagious 

Multiple stages of lesions may be present 
simultaneously 

Associated with fever 

Positive Tzanck smear, varicella-zoster PCR 


Grouped vesicles on erythematous base, limited 
to 1 or several adjacent dermatomes 

Usually unilateral 

Burning, pruritus 

Positive Tzanck smear, varicella-zoster PCR 

Thoracic dermatomes most commonly involved in 
children 


Prodrome of fever, anorexia, sore throat 

Oval blisters in acral distribution, usually few in 
number classically, but more generalized 
eruptions or concentration in the diaper area 
may be seen 

Shallow oval oral lesions on erythematous base 

Highly infectious 

Peak incidence: late summer, fall 


Continued 
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TABLE 48.13 Childhood Skin Eruptions Categorized by Etiology—cont’d 


Entity Clinical Clues 


C. Fungal 

1. Tinea corporis Annular scaly plaques, usually with central 
clearing 

Pustule formation common 

Positive KOH, fungal culture 


Vesicles and erosions on instep 
Interdigital fissuring 

Positive KOH, fungal culture 
Burrow formation 


2. linea pedis 


D. Scabies Interdigital web spaces, genitalia, ankles, lower 
abdomen, wrist 

Intensely pruritic; vesicles on palms and soles 

Very contagious 


Positive scabies preparation 


IV. Hypersensitivity 

A. Erythema multiforme 
(EM) major 
(Stevens—Johnson 
syndrome [SJS]) 


Prodrome of fever, headache, malaise, sore 
throat, cough, vomiting, diarrhea 

EM major with involvement of 2 mucosal 
surfaces; hemorrhagic crusts on lips usually 
present 

Target lesions progress from central vesiculation 
to extensive epidermal necrosis; sheets of 
denuded skin may be present 

SJS has <10% body surface involvement 

Associated with infection (e.g. HSV, 
Mycoplasma), medications 


Possible extension of SJS involving >30% of 
body surface 

severe exfoliative dermatitis 

Affects older children, adults 

Frequently related to medications (e.g., 
sulfonamides, anticonvulsants) 

Positive Nikolsky sign 


B. Toxic epidermal 
necrolysis 


Entity Clinical Clues 


V. Extrinsic 
A. Contact dermatitis Irritant or allergic 
Distribution dependent on the irritant/allergen 


Distribution helpful in establishing diagnosis 


Occur occasionally after flea or mosquito bites 
May be hemorrhagic bullae 

Often in linear or irregular clusters 

Very pruritic 


B. Insect bites 


C. Burns Irregular shapes and configurations 
May be suggestive of abuse 
Vary from 1st—3rd degree; bullae with 2nd and 


3rd degree 


D. Friction Usually on acral surfaces 
May be related to footwear 


Often activity related 


VI. Miscellaneous 
A. Urticaria pigmentosa 


Positive Darier sign 

Coexistent pigmented lesions 
Usually manifests during infancy 
Dermatographism commonly seen 


Seen in the setting of fever or overheating 

Clear, 1—2-mm superficial vesicles occurring in 
crops, rupturing spontaneously 

Intertriginous areas, especially the neck and 
axillae 


B. Miliaria crystallina 


AD, autosomal dominant; AR, autosomal recessive; C, complement; CNS, central nervous system; DEJ, dermoepidermal junction; DIF, direct 
immunofluorescence; HSV, herpes simplex virus; IgA and IgG, immunoglobulins A and G; KOH, potassium hydroxide; PCR, polymerase chain 


reaction. 


to be based on local resistance patterns given the emergence of MRSA. 
Clindamycin may be added to inhibit bacterial protein (toxin) synthe- 
sis. Supportive management should be undertaken with close monitor- 
ing for fluid and electrolyte imbalances, signs of sepsis, or underlying 
focal infections. The skin should be handled very carefully. Aluminum 
acetate wraps may be used with skin care and adhesive bandages 
should be avoided. Application of an emollient in the desquamation 
phase may help lubricate the skin and reduce discomfort. Pain control 
is frequently necessary. The prognosis is good in immunocompetent 


children. 


Epidermolysis Bullosa 


Epidermolysis bullosa is a heterogeneous group of inherited blistering 
disorders characterized by spontaneous and posttraumatic bulla for- 
mation. It is estimated to occur in approximately 1 in 50,000 births; 
the severe variants are seen less frequently. There are several distinct 
variants that are distinguished by the inheritance pattern, cutaneous 
manifestations, histologic findings, and ultrastructural abnormalities. 

In epidermolysis bullosa simplex (EBS), the level of blister cleav- 
age is intraepidermal (see Fig. 48.3). This form results from a defect in 


the basal cell keratins 5 and 14, which have been localized to chromo- 
somes 12 and 17, respectively, and are necessary for epidermal integ- 
rity. Most of the simplex forms are relatively mild and are autosomal 
dominant conditions. Bullae formation may be localized or general- 
ized, but it is usually worst in areas of frequent trauma, such as the 
hands, feet, and joints. 

In the localized form of EBS (formerly Weber—Cockayne), blisters 
are usually confined to the hands and feet and develop after significant 
friction or trauma. This form may not become apparent until adoles- 
cence or adulthood and may manifest after strenuous activities such 
as hiking, military training, or golf. There are also generalized forms 
of EBS in which the bullae are much more extensive and usually appar- 
ent at birth and during early infancy. In general, the various EBS 
subtypes are characterized by bullae that heal without scarring, mild 
or no nail changes, and minimal mucosal involvement. There are 
usually no associated extracutaneous manifestations. 

In junctional epidermolysis bullosa (JEB), the cleavage plane 
occurs at the level of the lamina lucida of the dermoepidermal junc- 
tion. The junctional form is transmitted in an autosomal recessive 
mode of inheritance. There is a wide spectrum of subtypes, including 
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TN ae VS Ba ae G s 

FIGURE 48.20 Staphylococcal scalded skin syndrome. Perioral crust- 
Ing and generalized tender erythematous skin with areas of desquama- 
tion. (From Vesicopustular eruptions. In: Cohen BA, ed. Pediatric 


Dermatology. Philadelphia: Saunders; 2013:104-125.) 


Herlitz and non-Herlitz types, ranging from moderate involvement to 
a more severe, potentially fatal variant. The majority of JEB subtypes 
results from defects in the protein laminin 5, which is localized to the 
anchoring filaments, fibrillar structures within the lamina lucida. 
Other JEB variants occur as the result of mutations in collagen XVII, 
an important component of the hemidesmosome. There are subsets of 
epidermolysis bullosa associated with pyloric atresia classified under 
both EBS and JEB resulting from altered expression of plectin and Oo, 
integrin, respectively. Ureterovesical obstruction may produce recur- 
rent urinary tract infections. Most forms are clinically apparent at 
birth. 

In general, there are widespread bullae that heal with atrophy, not 
scarring. Dysplastic nails, severe oral lesions, and enamel dysplasia are 
usually seen. The most severe variant has been referred to as JEB, 
generalized severe (formerly junctional epidermolysis bullosa, Herlitz 
type). Often fatal by 2 years of age, this variant is characterized by 
exuberant granulation tissue on the face and around the mouth. Extra- 
cutaneous manifestations include pyloric atresia, chronic anemia, and 
laryngeal involvement that often necessitate tracheostomy. 

In dystrophic epidermolysis bullosa (DEB), tissue separation 
occurs below the dermoepidermal junction at the level of the lamina 
densa. The lamina densa is made up of anchoring fibrils composed of 
type VII collagen. Individuals with the dystrophic form have qualita- 
tive or quantitative abnormalities caused by mutations in the gene for 
type VII collagen. DEB is further separated into variants that may be 
inherited in either an autosomal dominant or recessive pattern. They 
are usually apparent at birth; there is a wide array of clinical manifesta- 
tions, but the condition is generally characterized by nail dystrophy 
and generalized blisters that heal with scarring and milia formation. 
In the more severe recessive dystrophic form, affected individuals 
usually have severe interdigital scarring, which results in syndactyly 
between fingers and eventual encasement of fingers and thumbs 
known as the mitten deformity. Severe mucosal involvement is a con- 
stant feature of recessive DEB, and esophageal stenosis and obstruction 


are significant causes of morbidity and mortality. Chronic malnutri- 
tion, growth failure, and increased susceptibility to infection may lead 
to sepsis and death in children with this epidermolysis bullosa subset. 
Affected patients have multiple extracutaneous manifestations, as well 
as a very high frequency of aggressive and recurrent squamous cell 
carcinomas. The dominant dystrophic forms are usually more local- 
ized and have a better prognosis than does recessive DEB. 

It is usually impossible to distinguish the variants of epidermolysis 
bullosa on the basis of clinical manifestations alone; skin biopsies are 
generally necessary. Immunofluorescence antigen mapping (IFM) and/ 
or transmission electron microscopy on newly induced blisters are 
used to begin to classify epidermolysis bullosa subtypes. Monoclonal 
antibodies directed toward the skin basement membrane zone and 
epidermal antigens may provide further data. Mutational analysis 
directed by the results of IFM is recommended for the most precise 
subclassification. 

Treatment modalities are dependent on the severity of the particu- 
lar variant. In general, the emphasis is on wound care, prevention of 
infection, and prevention of mechanical factors likely to induce blister 
formation. Topical antibiotics and nonadhesive semipermeable dress- 
ings may be necessary for recalcitrant wounds. All adhesives should be 
avoided. In patients with the severe variants of epidermolysis bullosa, 
a multidisciplinary approach is imperative and should focus on pre- 
ventive care. All affected patients should undergo genetic counseling. 


PURPURA AND PETECHIAE 


Purpura results from leakage of blood from vessels into the skin or 
mucous membranes associated with diverse causes (Table 48.14). Pur- 
puric lesions do not blanch when pressure is applied. Small lesions that 
are pinpoint-sized or a few millimeters in diameter are called pete- 
chiae. Large lesions may be referred to as ecchymoses. Raised or pal- 
pable purpura is diagnostic of vasculitis and can be seen in conditions 
such as Henoch-Schénlein purpura (HSP), lupus erythematosus, and 
Rocky Mountain spotted fever. Inflammation and destruction of blood 
vessel walls are responsible for the raised quality of these lesions. Non- 
palpable purpura can be seen with platelet abnormalities, leukemia, 
and other thrombocytopenic conditions (see Chapter 38), capillaritis 
(pigmented purpuras), scurvy, viral exanthems, and physical exertion. 
Petechiae on the upper body (above the nipple line) can result from 
crying, vomiting, or coughing. Careful clinical examination is impor- 
tant for detecting these lesions and establishing a proper diagnosis. 


Henoch-Schonlein Purpura 


HSP is a small-vessel vasculitis that usually occurs in children and 
young adults with most cases occurring between 3 and 10 years (‘Table 
48.15). HSP is the most common vasculitis of childhood. It is a leuko- 
cytoclastic vasculitis and is characterized by perivascular immuno- 
globulin A deposition in affected tissues. The skin, joints, kidneys, and 
gastrointestinal tract can be involved. Given the seasonality and fre- 
quency of preceding upper respiratory infections, bacterial (such as 
streptococcal infections) and viral etiologies are suspected, although 
the precise nature of the pathogenesis is unclear. 

The classic presentation is that of nonthrombocytopenic palpable 
purpura predominately on the lower extremities and buttocks (Fig. 
48.21). However, urticarial and ecchymotic lesions may appear as well. 
Hemorrhagic bullae and ulcerations can also be present. Edema of the 
hands, feet, genitalia, and face is common. Systemic involvement is 
present in approximately two-thirds of affected patients with abdomi- 
nal pain from bowel angina and arthritis or arthralgias occurring 
as the most common extracutaneous symptoms. Arthritis most 
frequently affects the lower extremities; joint effusions are rare. 


SECTION 11 Dermatology 


TABLE 48.14 Causes of Purpura 


Infections 

Rocky Mountain spotted fever 
Sepsis 

Bacterial endocarditis 
Streptococcal infection 
Gonococcemia 
Meningococcemia 
Hepatitis 

Atypical measles 
Varicella 

Parvovirus 19 
Epstein—Barr virus 


Collagen Vascular Diseases* 
Lupus erythematosus 
Dermatomyositis 

Rheumatoid arthritis 

Ehlers—Danlos syndrome 


Hematologic Disorders 
Idiopathic thrombocytopenic purpura 
Acute lymphocytic leukemia 


Aplastic anemia 

DIC 

Thrombotic thrombocytopenic purpura 
Clotting factor deficiencies 

Warfarin or heparin use 

Malignancy 


Medications 

Aspirin 

Corticosteroids 

Penicillins 

sulfonamides 

Thiazides 

Antiepileptics (phenytoin, valproic acid) 


Vasculitis 

Henoch—Schoénlein purpura 
Polyarteritis nodosa 

Polyangiitis with granulomatosis 
Cryoglobulinemia 


Other 
Scurvy 
Trauma 


*Usually livedo pattern. 
DIC, disseminated intravascular coagulation. 


Gastrointestinal features may include vomiting, colicky abdominal 
pain, nausea, diarrhea, bleeding, and, in rare cases, intussusception or 
bowel perforation (see Chapter 10). Renal involvement is the most 
serious complication and can be manifested by hematuria and/or 
hypertension (see Chapter 20). Patients with HSP require close moni- 
toring for nephritis as renal manifestations can develop several months 
after diagnosis. 

The diagnosis of HSP is usually made on clinical grounds, but a 
skin biopsy confirms the presence of leukocytoclastic vasculitis in 
atypical or severe cases. Direct immunofluorescence staining of the 


skin biopsy specimen reveals immunoglobulin A deposition around 
the blood vessels in the superficial dermis (Table 48.3). 

Treatment includes supportive care and analgesics for joint pains. 
Systemic corticosteroids may be indicated when there is significant 
gastrointestinal or joint pain as well as renal involvement, but this 
treatment remains controversial as it does not alter the renal prognosis. 
Systemic corticosteroids are generally not indicated for skin involve- 
ment alone. The clinical course is characterized by acute onset of 
cutaneous lesions, often associated with fever and malaise. Systemic 
symptoms usually last for several weeks. Recurrences are common, but 
spontaneous resolution almost always occurs. The prognosis is excel- 
lent, with the primary factor being the extent of renal involvement. 
Mortality is rare and is usually caused by chronic renal disease. 


HAIR LOSS 


Alopecia (hair loss) is the most common hair abnormality seen in 
children. Hair loss can have a number of presentations ranging from 
focal patches to diffuse thinning. An accurate history alone can often 
lead to a presumptive diagnosis. Information regarding duration of 
loss, rate of shedding, medications, trauma, family history of hair 
disorders, symptoms such as pruritus or burning, breakage, and hair 
care is particularly important. The scalp should be examined for the 
pattern and distribution of hair loss, erythema, scaling, scarring, pus- 
tules, and crusts. Abnormal or broken hairs, as well as texture, length, 
and color should be noted. Associated abnormalities of the teeth, nails, 
and sweat glands may occur. Hair pulls (gentle pulling on small tufts 
of hair) and microscopic examination of removed hairs should be 
performed. Appropriate tests (KOH, fungal culture, scalp biopsy) may 
be necessary to confirm the clinical suspicions. 

Classification of alopecia is somewhat arbitrary, but it is helpful to 
determine whether hair loss is acquired or congenital and localized or 
diffuse. Congenital alopecia usually results from aplasia cutis, intra- 
uterine injury, or nevus sebaceous. Five common disorders responsible 
for most cases of childhood hair loss are (1) alopecia areata, (2) tinea 
capitis, (3) traction alopecia, (4) trichotillomania, and (5) telogen 
effluvium. 


Alopecia Areata 


Alopecia areata is a common disorder that affects all ages, particularly 
children. Although several hypotheses have been proposed, it is gener- 
ally thought to be an autoimmune condition linked to specific genetic 
mutations. There is a family history of alopecia areata for approxi- 
mately 20% of affected individuals. Clinically, there is acute onset of 
hair loss that is occasionally preceded by burning or itching of the 
scalp. In most cases, well-demarcated, localized areas of alopecia result, 
and the scalp is usually normal without epidermal changes. The excla- 
mation point hairs are pathognomonic and are caused by breakage of 
abnormally growing hairs. Exclamation point hairs, when pulled out, 
appear as a tapered or attenuated bulb secondary to atrophy of that 
portion. When the disease is active, dystrophic anagen hairs can be 
easily pulled from the periphery of lesions. Nail pitting, often seen in 
rows, is seen in some cases. Factors that portend a poor prognosis for 
regrowth include extensive loss, early onset, nail involvement, atopic 
background, and an ophiasis pattern (involvement of the temporal and 
occipital hairline). 

Treatment consists of topical, intralesional corticosteroids; topical 
minoxidil; anthralin; and sensitization to contact allergens. Other sup- 
portive measures include camouflage, hairpieces, and support groups. 
In some cases, hair regrows without medical intervention. Although 
the course is unpredictable, about half of affected patients have a 
recurrence. 
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TABLE 48.15 Types of Vasculitis and Associated Skin Lesions 


Type of Vasculitis Blood Vessels Involved Type of Skin Lesion 


Leukocytoclastic or hypersensitivity angiitis: 
Henoch—Schonlein purpura, cryoglobulinemia, 
hypocomplementemic vasculitis 


Dermal capillaries, venules, and occasional 
small muscular arteries in internal organs 


Purpuric papules, hemorrhagic bullae, cutaneous 
infarctions 


Rheumatic vasculitis: systemic lupus 
erythematosus, rheumatoid vasculitis 


Dermal capillaries, venules, and small 
muscular arteries in internal organs 


Purpuric papules: ulcerative nodules; splinter 
hemorrhages; periungual telangiectasia and infarctions 

Granulomatous vasculitis 

Churg—Strauss allergic granulomatous anglitis 


Dermal small and larger muscular arteries and 
medium muscular arteries in subcutaneous 
tissue and other organs 


Erythematous, purpuric, and ulcerated nodules, plaques, 
and purpura 
Small venules, arterioles of dermis, and small 


Granulomatosis with polyangiitis (Wegener) Ulcerative nodules, peripheral gangrene 


muscular arteries 
Periarteritis: classic type limited to skin and 
muscle 
Giant cell arteritis: temporal arteritis, 
polymyalgia rheumatica, Takayasu disease 


Small and medium muscular arteries in deep 
dermis, subcutaneous tissue, and muscle 


Medium muscular arteries and larger arteries 


Deep subcutaneous nodules with ulceration; livedo 
reticularis; ecchymoses 


Skin necrosis over scalp 


From Wyngaarden JB, Smith LH, eds. Cecil Textbook of Medicine. 18th ed. Philadelphia: WB Saunders; 1988. 


FIGURE 48.21 Henoch-Schonlein purpura. Palpable purpura in the 
lower extremities. (From Kliegman RM, et al. Vasculitis syndromes. In: 
Kliegman RM, Nelson Textbook of Pediatrics. 20th ed. Philadelphia: 
Elsevier; 2015:1217.) 


Tinea Capitis 

Tinea capitis (ringworm) is another common cause of alopecia in 
children, although it may not always be associated with hair loss or 
breakage. The “seborrheic” type of tinea capitis is manifested by diffuse 
scaling without scalp inflammation. Alopecia is often not noted, but 
broken hairs are occasionally present. This type of alopecia is fre- 
quently misdiagnosed as dandruff. Tinea capitis can also manifest as 
localized scaly patches, kerions, and “black-dot” patches. This latter 
type features hairs that have broken at the surface of the scalp, resulting 
in a black-dot appearance. Kerions are boggy, inflammatory plaques 
on the scalp that are caused by hypersensitivity to the offending der- 
matophyte (Fig. 48.22). Pustules and drainage are common, but the 


FIGURE 48.22 Boggy, purulent mass of the scalp typical of kerions. 
(From Kliegman RM, et al. Cutaneous fungal infections. In: Kliegman 


RM, Nelson textbook of pediatrics. 20th ed. Philadelphia: Elsevier; 
2015:3215.) 


purulent material is often sterile. Cervical lymphadenopathy, fever, and 
elevated white blood cell counts may accompany kerions. The differ- 
ential diagnosis of tinea capitis includes psoriasis, alopecia areata, 
trichotillomania, folliculitis, and seborrheic dermatitis. 

The most common etiologic agent of tinea capitis is Trichophyton 
tonsurans, a dermatophyte that produces endothrix infections. Because 
spores are not present on the surfaces of the hair shafts, Wood lamp 
examination is not useful. If, the infection is caused by Microsporum 
canis or another dermatophyte that produces an ectothrix infection, 
Wood lamp examination results in positive fluorescence (Table 48.2). 
Fungal cultures should be performed in all suspected cases of tinea 
capitis. Fungal culture can be performed with a standard toothbrush 
and Petri dish. KOH preparations can be useful if positive, but false- 
negative results are common. Some children may be asymptomatic 
carriers. 

Traditional therapy consists of oral griseofulvin for 6-8 weeks. Sele- 
nium sulfide 2.5% shampoo or 2% ketoconazole shampoo should be 
used to decrease surface spores and reduce spread to other individuals. 
On occasion, there is a secondary bacterial infection that necessitates 
antibiotic therapy. Kerions typically respond to griseofulvin; but in 
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severe cases, systemic corticosteroids may be added to decrease inflam- 
mation and reduce the risk of scarring. Antifungal agents that may be 
useful include oral fluconazole, itraconazole, and terbinafine. Incision 
and drainage are not indicated. A follow-up fungal culture may be 
obtained to confirm adequacy of treatment. 


Traction Alopecia 


Traction alopecia is seen in individuals whose hair is tightly braided or 
pulled into ponytails or cornrows for long periods of time. Chronic 
tension on the hair shafts leads to breakage and gradual hair loss. 
Damaging hairstyle procedures such as straightening and waving may 
also result in hair breakage if performed improperly. On clinical exami- 
nation, the clinician sees linear areas of hair loss at the part line or 
throughout the scalp. The alopecia is reversible in most cases. However, 
if the traction is maintained for years, the alopecia may become per- 
manent secondary to scarring. Treatment is aimed at avoiding all 
tension-producing trauma. The patient should be advised to stop all 
hair chemical procedures, wear loose styles with no braids, avoid 
wearing heavy objects in the hair or ponytails, and handle hair as gently 
as possible. 


Trichotillomania 


In trichotillomania, individuals pull, break, or twist hair from the scalp, 
eyebrows, eyelashes, and/or pubic hair. In younger children, this form 
of hair pulling is usually a harmless habit that is outgrown. Trichotil- 
lomania in older children and adolescents may represent a more 
serious psychologic problem with a less favorable prognosis. Psychiat- 
ric assistance may be required, and the disorder may be refractory to 
treatment. On physical examination, there are hairs of varying length 
in bizarre, often geometric, patterns. The occiput is often spared. Hairs 
have blunt tips because of mechanical breakage. Scalp biopsy may be 
necessary if the diagnosis is unclear. Treatment is aimed at identifying 
underlying psychologic stressors. Supportive therapy and psychologic 
and/or psychiatric evaluation are usually needed. 


Telogen Effluvium 


Telogen effluvium is characterized by excessive shedding of telogen 
(resting) hairs. This may result from medications, febrile illness, crash 
diets, parturition, surgical procedures or anesthesia, endocrine disor- 
ders, or severe emotional stress. A large number of growing hairs enters 
the resting phase, resulting in a 3-fold to 5-fold increase in the number 
of resting hairs. Gradually, these numerous telogen hairs are shed over 
6-24 weeks. Affected individuals notice increased hair loss and sparser 
scalp hair 2-4 months after exposure to the inciting factor. The prog- 
nosis for this type of diffuse alopecia is excellent. Patient education is 
important, as is reassurance that regrowth can be expected within 
approximately 6 months. No treatment is indicated. 


INFECTIONS AND INFESTATIONS 
Impetigo 


Impetigo is the most frequently diagnosed bacterial skin infection. It 
is a contagious superficial skin infection, occurring most often in 
infancy and early childhood. The 2 major pathogens, S. aureus and 
group A B-hemolytic streptococcus (Streptococcus pyogenes), can cause 
lesions at any body site. 


Nonbullous Impetigo 


Nonbullous impetigo accounts for the majority of cases and is second- 
ary to infection with either of the aforementioned pathogens. The 
lesions of nonbullous impetigo caused by either organism are indis- 
tinguishable. The lesions typically arise on the face or extremities after 


trauma such as insect bites, cuts, and abrasions, or after varicella infec- 
tion. The primary lesion is usually a vesicle or a pustule that develops 
secondary changes of honey-colored crusting, the clinical hallmark of 
this condition. In general, the lesions are smaller than 2 cm and may 
be single or multiple (Fig. 48.23). Although the lesions are generally 
asymptomatic with little surrounding erythema, regional lymphade- 
nopathy may be present. 

The differential diagnosis includes HSV infections, nummular 
eczema, varicella, kerions, and scabies, which all may become second- 
arily infected. Nonbullous impetigo usually resolves spontaneously 
within 2 weeks. It is highly contagious to other parts of the body and 
to close contacts, however, and should therefore be treated with appro- 
priate antimicrobial agents. 


Bullous Impetigo 


Bullous impetigo develops on intact skin and is a localized form 
of SSSS. The initially transparent flaccid bullae are more likely to 
occur on covered body sites such as the trunk and perineum than 
are the lesions of nonbullous impetigo. They can, however, occur 
on the face and extremities as well. Intact vesicles or bullae may 
be observed, or moist, erythematous shallow erosions may be the 
sole clinical finding after disruption of the bullae (Fig. 48.24). Bullous 
impetigo should be differentiated from early SSSS, herpetic infec- 
tion, allergic contact dermatitis, burns, EM, and inflammatory bullous 
diseases. 

Impetigo may be treated with topical or oral antibiotics depending 
on the number and locations of the lesions. Topical antibiotics may be 
acceptable for localized disease. 

Systemic therapy is indicated for streptococcal infections or staphy- 
lococcal infections with an extensive number of lesions or more severe 
soft tissue involvement. One of the more cost-effective 1st-line choices 
includes cephalexin. However, the incidence of MRSA has increased 
dramatically and local resistance patterns should be taken into account. 
If MRSA is suspected, initial medication choices including clindamy- 
cin, doxycycline (over age 8 years), or sulfamethoxazole-trimethoprim 
are recommended. A culture should be obtained and antibiotic choice 
should be based on sensitivity patterns when available. Recurrent 
impetigo is often secondary to carriage of S. aureus. Although intrana- 
sal carriage is common, colonization can also involve the axillae and 
perineum. Intranasal application of mupirocin may eradicate the 


Base Ss OS LSS 
FIGURE 48.23 Multiple honey-colored crusted lesions of impetigo. 
(From Kliegman RM, et al. Cutaneous bacterial infections. In: Kliegman 
RM. Nelson textbook of pediatrics. 20th ed. Philadelphia: Elsevier; 
2015:3203.) 


FIGURE 48.24 Thin-walled vesicles and shallow erosions with sur- 
rounding erythema seen with bullous impetigo. (From Paller AS, 
Mancini AJ, eds. Hurwitz Clinical Pediatric Dermatology. Philadelphia: 
Elsevier; 2015:334-359.) 


organism; however, recolonization occurs over time. Of note, there are 
reports of increasing resistance with prolonged use of mupirocin. 
Dilute bleach baths (sodium hypochlorite) may help reduce recurrent 
skin infections by decreasing bacterial carriage. 

Potential but rare complications of impetigo include pneumonia, 
cellulitis, osteomyelitis, septic arthritis, and septicemia. More specifi- 
cally, streptococcal infections can result in scarlet fever, guttate psoria- 
sis, lymphadenitis, and lymphangitis. Furthermore, nephritogenic 
strains of group A B-hemolytic streptococcus can result in poststrep- 
tococcal glomerulonephritis (see Chapter 20). The latency period after 
impetigo is approximately 3 weeks. Treatment does not prevent post- 
streptococcal glomerulonephritis but does prevent the spread of the 
organism to other people. 


Molluscum Contagiosum 


Molluscum contagiosum, caused by a large DNA poxvirus, is most 
often seen in children and adolescents. The characteristic well- 
circumscribed, skin-colored to pearly papules usually arise in crops on 
the face, trunk, and extremities but have a predilection for the axillary, 
antecubital, and crural regions (Fig. 48.25). Generally ranging in size 
from 1-5 mm, these asymptomatic papules have a central umbilica- 
tion, often with a central core. In some individuals, eczematous changes 
develop at sites of the molluscum lesions, probably representative of a 
delayed hypersensitivity response. This so-called “molluscum derma- 
titis” may be localized or more extensive, is not an uncommon finding, 
and in fact may be more prominent on examination than the mol- 
luscum papules, which are occasionally missed. The associated eczema- 
tous dermatitis may resemble nummular eczema or tinea corporis. 
Molluscum lesions often become inflamed or appear infected shortly 
before spontaneous involution. The diagnosis is made by the clinical 
appearance of the lesions. However, skin biopsies or microscopic 
examination of the cores of the lesions can confirm the diagnosis by 
revealing molluscum bodies, which are masses of virus-infected epi- 
dermal cells. The condition should be differentiated from warts, closed 
comedones, and milia. 

Molluscum contagiosum is both contagious and autoinoculable. 
The incubation period ranges from 2 weeks to 6 months, and multiple 
family members are often affected. Immunosuppressed persons are at 
risk for more aggressive disease, especially patients infected with 
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FIGURE 48.25 The characteristic umbilicated lesions of molluscum 
contagiosum. (From Nodules and tumors. In: Cohen BA, ed. Pediatric 
Dermatology. Philadelphia: Saunders; 2013.) 


human immunodeficiency virus. Patients with preexisting atopic der- 
matitis are also at greater risk for widespread molluscum. 

Treatment options include curettage, topical cantharidin, liquid 
nitrogen, immunotherapy with Candida or Trichophyton antigen, 
topical retinoids, and imiquimod cream. Most pediatric dermatolo- 
gists avoid application of cantharidin to facial or genital lesions because 
of concerns of a possible aberrant reaction. As with other poxvirus 
infections, these lesions occasionally result in scarring or pits as the 
lesions resolve. 


Warts 


Warts are intraepidermal tumors caused by human papillomavirus 
(HPV), a small DNA virus. They may be present in up to 10% of the 
general population. There are more than 200 types of human papil- 
lomavirus. The virus produces 4 major types of warts: common, flat, 
plantar, and genital (condyloma acuminatum). The incubation period 
generally varies from 1-6 months, depending on HPV type, the size of 
the inoculum, the site of infection, and the host’s immune status. The 
duration of the wart is variable as well; approximately 65% of the 
lesions resolve spontaneously within 2 years. Warts can be spread 
between persons and between body sites by direct or indirect contact. 
Most warts are located on the fingers, hands, and elbows because 
trauma to these sites promotes inoculation of the virus. Warts also 
display the Koebner phenomenon, which results in linear configura- 
tions of lesions at sites of shaving or scratching. 


Common Warts 


Verruca vulgaris, or the common wart, is found most commonly on 
the dorsal surface of the hands or fingers, although it may be located 
at any body site. The lesions may be solitary or multiple and measure 
from several millimeters to more than 1 cm. Varying in color from 
yellowish-tan to grayish-black, the common wart has a distinct rough, 
papillated surface. Punctate thrombosed capillaries, clinically mani- 
fested as black dots, may be seen on the surface. 
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Flat Warts 


Verrucae plana, or flat warts, are 2- to 5-mm flat-topped papules that 
are typically skin-colored, tan, or brown. They are distributed on the 
face, neck, and extremities. They often appear grouped, especially when 
the Koebner phenomenon has occurred secondary to shaving or other 
trauma. These lesions are most often confused with lichen planus or 
lichen nitidus because these disorders also feature flat-topped papules. 


Plantar Warts 


Verrucae plantaris, or plantar warts, develop on the weight-bearing 
areas of the toes, heels, and the midmetatarsal region. The lesions are 
pushed into the skin in such a manner that the verrucous surface is 
even with the surrounding skin. These warts are often very tender and 
may produce significant discomfort with ambulation. Plantar warts 
may be difficult to distinguish from corns and calluses. 


Genital Warts 


Condylomata acuminata, or genital warts, are fleshy papillomatous 
growths found on the genitalia. In early or mild cases, the only physical 
finding may be subtle skin-colored, flat-topped papules. Their growth 
can be exuberant in some patients when untreated, resulting in 
cauliflower-like masses. These genital warts should be differentiated 
from moist papular or nodular lesions of secondary syphilis (condy- 
lomata lata). Although nonvenereal transmission may occur, such as 
spread from cutaneous warts, the presence of genital warts in young 
children is usually associated with sexual abuse. 


Treatment of Warts 


Treatment of warts is designed to be cytodestructive and varies depend- 
ing on the type of wart, site of the lesion, age and immune status of 
the patient, and extent of involvement. Topical treatments include 
keratolytic preparations, such as salicylic acid, ammonium lactate, and 
5-fluorouracil. In-office treatments include topical cantharidin, cryo- 
therapy with liquid nitrogen, or immunotherapy with Candida or 
Trichophyton antigen. In children with numerous warts, cryotherapy 
may be limited by discomfort and immunotherapy may be preferable. 
Podophyllin is reserved for the treatment of genital warts because it is 
most effective on mucosal surfaces. Imiquimod (Aldara) has been 
approved for the treatment of genital warts, although it is not approved 
by the US Food and Drug Administration for use in children. Cimeti- 
dine has been used in children with multiple lesions that have failed 
other treatment options. Extremely recalcitrant warts may necessitate 
surgical or laser (pulsed dye or carbon dioxide) treatment. Multiple or 
serial treatments may be necessary, and recurrences are common. A 
conservative approach is often best for this self-limited infection 
because the treatment may be worse than the condition. Prolonged 
periods of applying duct tape to the wart (plantar, finger) have also 
resulted in resolution. 


Herpes Simplex Virus 


HSV is a large DNA virus that is divided into two major antigenic 
subtypes. Type 1 (HSV-1) has been traditionally associated with oral 
and skin nongenital herpes infections; type 2 (HSV-2) is generally 
responsible for genital and neonatal infections. The clinical lesions are 
indistinguishable but can be differentiated by serologic tests. HSV 
infections are categorized as either primary or recurrent. Primary 
manifestations usually follow an incubation period of approximately 
1 week. They range from subclinical infections to localized or general- 
ized vesicular eruptions to life-threatening systemic infections. Primary 
herpetic infections can involve any cutaneous or mucosal surface. 
The classic clinical manifestation consists of grouped thin-walled 
vesicles on an erythematous base (Fig. 48.26). The lesions usually begin 
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FIGURE 48.26 A cluster of vesicopustular lesions on an erythematous 
base in herpes simplex virus. (From Vesicopustular eruptions. In: Cohen 
BA, ed. Pediatric Dermatology. Philadelphia: Saunders; 2013:104-125.) 


as papules, which evolve into vesicles or, sometimes, pustules within 
approximately 48 hours. The vesicles rupture and form a crust over the 
next 5-7 days and generally heal within 2 weeks. The cutaneous erup- 
tion is often accompanied by fever, regional lymphadenopathy, or 
flulike symptoms (Table 48.13). 

After the primary infection, the virus remains dormant until reac- 
tivated. Recurrent infections are characterized by localized vesicular 
eruptions and symptoms such as itching or burning at the same site. 
Recurrent HSV infections are usually less severe than primary herpes. 
Reactivation of the virus may be triggered by sunburn, cutaneous 
trauma, febrile illnesses, menstruation, or emotional stress. Oral anti- 
virals, if administered during the prodromal period before the onset 
of lesions, may abort or shorten recurrent episodes. 

Herpetic gingivostomatitis is typically seen in infants and toddlers. 
Multiple vesicles and subsequent erosions develop on the lips, gingivae, 
anterior portion of the tongue, or hard palate. The condition is very 
painful and is often accompanied by inability to eat and drink. Fever, 
irritability, and cervical lymphadenopathy are frequently observed. 
The fever typically resolves within 3-5 days, whereas the oral lesions 
may persist for up to 2 weeks. The lesions may resemble aphthae, which 
are usually more localized and are not accompanied by systemic symp- 
toms. Enteroviruses may produce similar oral manifestations; however, 
they tend to spare the gingivae and often affect the posterior pharynx. 

The test of choice to confirm the diagnosis of HSV infection is PCR 
for HSV. Tzanck smear can suggest HSV, but is not specific. Treatment 
is supportive, with an emphasis on pain control and fluid replacement. 
Systemic antivirals may hasten resolution of the lesions and shorten 
the course of the illness. 

Neonatal herpes is a potentially fatal infection, often with severe 
central nervous system involvement. Vigilant evaluation to determine 
extent of infection, intravenous acyclovir, and supportive care are 
required. Immunocompromised children who develop a herpetic 
infection should receive intravenous acyclovir and be monitored care- 
fully for evidence of pulmonary, hepatic, and central nervous system 
involvement. 

Another high-risk group consists of children with underlying 
atopic dermatitis who, if exposed to HSV, are susceptible to rapid 
spread of herpetic blisters. This condition, referred to as eczema her- 
peticum or Kaposi varicelliform eruption, may be accompanied by 
fever and malaise (see Atopic Dermatitis). Oral or intravenous antivi- 
rals and supportive care are indicated. 


Varicella 


Varicella (chickenpox) is a very contagious, but usually self-limited 
infection caused by the varicella-zoster virus. Since the introduction 


CHAPTER 48 Acquired Rashes in the Older Child 


of the varicella vaccine, mild and atypical variants of this disease have 
been common. 

Transmitted by close contact and respiratory droplets, varicella has 
an incubation period of 10-21 days. The cutaneous manifestation in 
healthy children is characterized by crops of lesions (usually 2 or 3 
crops of 50-100 lesions each) that initially appear as 2- to 3-mm red 
macules and then evolve through papular, vesicular, and finally pustu- 
lar stages within approximately 24 hours. The vesicular stage has tra- 
ditionally been described as resembling “dewdrops on a rose petal” 
(Fig. 48.27). The presence of lesions in various stages is characteristic 
of varicella. Varicella lesions often appear first on the scalp, face, or 
trunk, and then progress to the extremities. All vesicles become crusted 
and resolve over several days. Chickenpox usually heals without scar- 
ring, except for lesions that have been excoriated or secondarily 
infected. The eruption is usually accompanied by fever, intense pruri- 
tus, and malaise (‘Table 48.13). The exanthem may be more extensive 
in children with skin disorders. 

When the diagnosis is unclear, confirmatory tests include PCR, 
immunofluorescent staining, and viral culture. A positive Tzanck 
smear supports the diagnosis but is not specific for varicella. Symp- 
tomatic treatment consists of oral antihistamines, aluminum acetate 
soaks, oatmeal baths, calamine lotion, and cool compresses. Lesions 
should be observed for signs of secondary bacterial infection. Antiviral 
therapy is not routinely recommended in otherwise healthy children. 
Oral antivirals, if given, should be administered within 24 hours of the 
onset of the eruption. Immunosuppressed individuals usually require 
intravenous acyclovir. 

High-risk individuals (immunosuppressed, immunocompromised, 
those with malignancies) who have been exposed to varicella should 
receive gamma globulin prophylaxis as soon as possible. If varicella 
develops in a pregnant woman within 5 days before delivery or in 
a mother 48 hours after delivery, the infant should also be treated 
with gamma globulin prophylaxis. Complications may include 
visceral organ involvement, coagulopathy, hemorrhage, pneumonia, or 
encephalitis. 


Herpes Zoster 


Similar to HSV, the varicella-zoster virus remains dormant in the 
dorsal root ganglia after initial infection. Reactivation of the virus 
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FIGURE 48.27 Lesions in various stages of development including the 
dewdrop on a rose petal appearance characteristic of varicella. (From 
Vesicopustular eruptions. In: Cohen BA, ed. Pediatric Dermatology. 
Philadelphia: Saunders; 2013:104-125.) 


results in the clinical manifestations of herpes zoster, or shingles. The 
infection usually manifests as a linear or bandlike papulovesicular 
eruption affecting 1 or several dermatomes (Fig. 48.28; see also Table 
48.13). Commonly, there is a prodrome of burning, pruritus, or pain 
of the affected skin that may last several days before the appearance of 
cutaneous lesions. Vesicles become crusted, and all lesions resolve 
within a few weeks. The most common dermatomes involved are 
within the thoracic regions. Up to 10 satellite lesions may be encoun- 
tered outside the primary dermatomes in uncomplicated zoster. An 
increased number of satellite lesions is observed in generalized zoster, 
which carries a greater risk of systemic involvement. Widespread ves- 
icles should raise the suspicion of an underlying immunodeficiency 
disorder. 

Immunocompromised patients, especially children with lymphore- 
ticular malignancies, are at increased risk for zoster and should be 
treated with either oral or intravenous acyclovir. As with HSV infec- 
tion, lesions around the eyes, nose, and forehead require careful oph- 
thalmologic examination. Ocular complications occur in approximately 
50% of the patients with ophthalmic zoster. The potential for deep 
keratitis, uveitis, secondary glaucoma, and loss of vision warrants 
prompt ophthalmologic evaluation. Patients with zoster should avoid 
contact with high-risk individuals who are susceptible to development 
of varicella. 


Scabies 


Scabies is an extremely common eruption. It occurs in persons of all 
ages and results from infestation of the superficial layers of skin by the 
human mite Sarcoptes scabiei. The infestation is highly contagious and 
is therefore seen frequently among individuals living in crowded con- 
ditions. Humans are the only source of the mite, which can be passed 
from 1 person to another. Fomites can also play an important role in 
transmission. In previously unexposed individuals, the incubation 
period varies from 2-6 weeks. The incubation period is significantly 
shortened in individuals who have been previously exposed to the 
mite. 

Although the morphologic appearance of scabies can vary dramati- 
cally, the hallmark lesion is the burrow. A burrow is a serpiginous or 
linear papule caused by movement of the mite through the epidermis. 
Although considered to be characteristic of scabies, the burrow is 


FIGURE 48.28 A dermatomal distribution of umbilicated vesicles is 
characteristic of herpes zoster. (From Vesicopustular eruptions. In: 
Cohen BA, ed. Pediatric Dermatology. Philadelphia: Saunders; 2013: 
104-125.) 
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apparent in only a minority of patients. Other typical lesions include 
papules, vesicles, and pustules, the distribution of which is age depen- 
dent. Nodules may appear during active infection and may persist for 
several weeks to months after treatment; these are common in infantile 
scabies and on the penis and scrotum of affected males. These persis- 
tent nodules are referred to as postscabetic nodules and may be a 
manifestation of an ongoing hypersensitivity response. In infants, the 
distribution is generalized and involves the trunk, scalp, face, neck, 
axillae, palms, and soles. Because the eruption is extremely pruritic, 
secondary infection and eczematization are common, leading to mis- 
diagnoses of impetigo and atopic dermatitis. In affected older children, 
adolescents, and adults, the lesions characteristically involve the volar 
aspects of the wrists, ankles, interdigital web spaces, buttocks, genitalia, 
groin, abdomen, and axillae (Fig. 48.29). Unlike infantile scabies, the 
lesions always spare the head. 

The diagnosis can be confirmed by scraping the newer lesions, 
ideally a burrow, with a blade after the application of mineral oil. The 
scraping may be viewed microscopically, and the presence of mites, 
ova, or feces is considered diagnostic. Although the yield may be low, 
suspect lesions should be scraped and an attempt to identify evidence 
of the mite should be made. In prolonged cases of scabies, which have 
been appropriately treated, the diagnosis of acropustulosis of infancy 
needs to be considered. 

Topical 5% permethrin cream (Elimite) is the treatment of choice 
for infants over 2 months and children. Permethrin cream is applied 
to the entire body from the neck down and thoroughly washed off 
after 8-12 hours. Scalp and neck treatment is often necessary for 
infants. This treatment should be repeated 1 week later. Lindane is 
not recommended as Ist-line treatment for scabies because of its 
potential for neurotoxicity. Six percent sulfur ointment should be used 
as an alternative therapy in infants younger than 2 months and in 
pregnant women. Topical and oral ivermectin are options for resistant 
infestations. Because scabietic lesions are the result of a hypersensitiv- 
ity reaction, itching may persist for several weeks despite treatment, 
which can be relieved with emollients, topical corticosteroids, and 
antihistamines. 

It is critical that all household members as well as close contacts be 
treated simultaneously to prevent reinfestation. All linens and clothes 
should be washed and dried in an electric dryer because heat kills the 
mite. Bulkier linens and stuffed toys can be placed in plastic bags for 
several days. Mites do not survive without a human host for more than 
2-3 days. 
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FIGURE 48.29 Papulopustular eruption of scabies with burrows visible 
on the palms and wrist of a child. (From Papulosquamous eruptions. 
In: Cohen BA, ed. Pediatric Dermatology. Philadelphia: Saunders; 
2013:68-103.) 


Pediculosis 


Lice are ectoparasitic insects. Pediculus humanus capitis, the head louse, 
causes the most common form of louse infestation. This occurs more 
often in whites; girls are more susceptible than boys. Because the head 
louse can survive for more than 2 days off the host’s scalp, the condi- 
tion can be transmitted via shared hats, combs, brushes, towels, or 
bedding. On physical examination, the nits (ova) can be found close 
to the scalp on the proximal hair shafts. They appear as small, oval, 
whitish bodies approximately 0.5 mm in length. They adhere tightly 
to the hair shaft and are not easily removed. The nits can be more 
readily identified by their fluorescence under a Wood lamp. Micro- 
scopic examination of the proximal hair shaft may further aid in rec- 
ognition of the nits. The infestation is characterized by intense pruritus, 
especially at night. 

Some sources start treatment of pediculosis capitis with over-the- 
counter topical application of 1% permethrin shampoo or pyrethrin 
combined with piperonyl butoxide products, both of which have good 
safety profiles. However, resistance to these products has been docu- 
mented. In treatment failures or known resistance, additional topical 
agents such as malathion 0.5%, benzyl alcohol, spinosad, and ivermec- 
tin lotions are options. Oral ivermectin may be used when lice are 
resistant to all topical agents. However, each agent’s recommended age, 
weight, and safety profile need to be considered. 

It is extremely important to wash and dry (on a hot cycle) all 
exposed bedding and clothing. All combs and brushes should be 
soaked in the pediculicide for 15 minutes, and all items that cannot be 
machine-washed with hot water or dry-cleaned should be placed in 
plastic bags for 2 weeks. All household members should be treated at 
the same time. Nits must be removed with a fine-toothed comb after 
application of a damp towel to the scalp. 


Candidiasis 


Candidal species, particularly Candida albicans, may be considered 
part of the normal cutaneous flora in most individuals. However, pre- 
disposing factors such as endocrinologic disorders, genetic disorders, 
immunosuppressive conditions, and the administration of systemic 
corticosteroids or antibiotics may allow for overgrowth of this organ- 
ism and subsequent infection. Candidiasis refers to an acute or chronic 
infection of the skin, mucous membranes, or internal organs caused 
by this pathogenic yeast. Other conditions, such as warmth, moisture, 
and disruption of the epidermal barrier, further promote invasion and 
overgrowth. Cutaneous candidiasis can have a variety of clinical mani- 
festations, depending on the site of infection. Some of the most 
common manifestations include (1) oral candidiasis (thrush), (2) can- 
didal diaper dermatitis, (3) vulvovaginitis, and (4) paronychia. 

Oral candidiasis is a common condition of infancy and in immu- 
nosuppressed individuals. It is characterized by painful inflammation 
of the oral cavity with multiple, often confluent, white plaques on an 
intensely erythematous base. The disorder usually responds to treat- 
ment with oral nystatin suspension, which is applied to the oral mucosa 
4 times daily until 2 days after the lesions have completely resolved. 
Oral fluconazole is another therapeutic option for more extensive or 
resistant cases. Extensive involvement or failure to respond to treat- 
ment may suggest an underlying immunodeficiency disease. Cutane- 
ous lesions in the intertriginous and diaper areas are frequently 
coexistent with thrush. 

Candidal paronychia manifests with erythema and edema of the 
proximal and lateral nail folds, which is usually not associated with 
tenderness, in contrast to acute bacterial paronychia. The nail is often 
dystrophic, crumbly, and thick. The condition is seen commonly in 
thumb suckers. Treatment with topical antifungal creams with yeast 
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coverage, applied nightly under occlusion for several weeks, usually 
results in clinical resolution. 


Dermatophytoses 


The dermatophytes are a group of fungi that infect the hair, skin, and 
nails and result in a collection of clinical syndromes referred to as 
dermatophytoses. The clinical conditions are referred to as tinea (or 
ringworm), and the affected body site determines the name of the 
entity. This group of infections is caused by species of Trichophyton, 
Microsporum, and Epidermophyton. Dermatophyte infections are 
usually confined to the epidermis. 


Tinea Capitis 


Tinea capitis is discussed in the section on alopecia. 


Tinea Corporis 


Tinea corporis is characterized by 1 or multiple annular erythematous 
patches that can occur anywhere on the body. The lesions typically 
have a papular scaly border and demonstrate central clearing (Fig. 
48.30). Vesiculation and pustulation, especially peripherally, are com- 
monly observed. The borders are usually sharply demarcated. Identi- 
fication of fungal hyphae by KOH examination of scrapings of the 
lesion’s scaly border confirms the diagnosis. Psoriasis, nummular 
eczema, secondary syphilis, the herald patch of pityriasis rosea, and the 
annular plaques of granuloma annulare may resemble tinea corporis. 


Tinea Pedis 


Tinea pedis is diagnosed most often in postpubertal adolescents. The 
clinical manifestation is variable, but multiple vesicles or erosions on 
the insteps are characteristic. Other findings include fissures and mac- 
eration of the web spaces and “moccasin foot” tinea pedis, in which 
there is generalized scaling of 1 or both soles with extension onto the 
lateral aspect of the foot. The differential diagnosis includes atopic or 
contact dermatitis, juvenile plantar dermatosis, psoriasis, and scabies. 
The clinician should have increased suspicion for tinea pedis if unilat- 
eral involvement is present. A positive KOH scraping or fungal culture 
rules out these other entities. 


Tinea Faciei 


Tinea faciei, a dermatophyte infection of the face, is commonly seen 
in children. Erythematous, scaly, and often in a malar distribution, the 
condition may resemble lupus erythematosus but is less symmetric. 
Atopic, contact, and seborrheic dermatitis may have similar cutaneous 


manifestations. Again, the diagnosis can be confirmed by a positive 
KOH scraping or fungal culture. 


Tinea Cruris 


Tinea cruris, uncommon before adolescence, is an erythematous, scaly 
eruption involving the inguinal creases and medial thighs. The erup- 
tion is usually symmetric, and sometimes the margins are papular. This 
infection may resemble candidiasis, in which there is also scrotal 
erythema. Erythrasma, an uncommon superficial bacterial infection 
caused by Corynebacterium minutissimum, may also mimic tinea 
cruris. The coral red fluorescence seen on Wood lamp examination is 
diagnostic of erythrasma, which can be further differentiated from 
tinea cruris by a negative KOH preparation and fungal culture. 

Dermatophyte infections of the skin can usually be successfully 
managed with topical antifungal agents such as clotrimazole, econ- 
azole, ciclopirox, tolnaftate, or terbinafine creams or lotions. These 
medications are applied twice daily for approximately 2-4 weeks. They 
should be continued for several days after clinical resolution is appar- 
ent. Widespread eruptions or treatment failures may necessitate sys- 
temic antifungal therapy, such as griseofulvin, fluconazole, itraconazole, 
or terbinafine. 


Tinea Versicolor 


Occurring more frequently in adolescents and adults, tinea versicolor 
is a superficial fungal infection characterized by multiple slightly scaly 
macules and patches located on the upper trunk, neck, proximal 
extremities, and, on occasion, the face. The macular lesions vary in hue 
(pink, tan, brown, white), hence the name “versicolor.” In darkly pig- 
mented or tanned individuals, the macules appear hypopigmented; in 
fair-skinned persons or during winter months, the lesions usually 
appear tan-brown. Tinea versicolor is caused by Pityrosporum orbicu- 
lare, also called Malassezia furfur, a dimorphic fungus that is a skin 
saprophyte. It is generally present in its yeast form, which does not 
produce a rash. When proliferation of the filamentous form occurs, 
the organism produces the characteristic lesions of tinea versicolor. 
Usually asymptomatic or only slightly pruritic, tinea versicolor is pri- 
marily a cosmetic disturbance that occurs most commonly in warm 
and humid environments. 

Although the diagnosis is established by the distinctive clinical pre- 
sentation, a KOH scraping of the fine scale reveals multiple round 
spores and short, curved hyphae, giving the characteristic “spaghetti 
and meatballs” appearance typical of this disorder. Wood lamp exami- 
nation may demonstrate yellow to yellow-green fluorescence, further 


FIGURE 48.30 Annular erythematous, scaly plaques with central clearing as seen in tinea corporis. (From 
Cohen BA, Davis HW, Gehris RP. Dermatology. In: Zitelli BU, et al, eds. Atlas of Pediatric Physical Diagnosis. 


Philadelphia: Saunders; 2012:299-368.) 
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supporting the diagnosis (Table 48.2). The differential diagnosis 
includes postinflammatory pigment alteration, pityriasis alba, vitiligo, 
contact dermatitis, seborrheic dermatitis, and pityriasis rosea. Tinea 
versicolor is a chronic condition. 

Although usually responsive to therapy, recurrences are common. 
Application of 2.5% selenium sulfide shampoo to the affected skin 
can be very effective. Other topical treatments include broad-spectrum 
antifungal creams or lotions. In extremely widespread or recalcitrant 
cases, or in immunosuppressed individuals, oral treatment with flu- 
conazole, itraconazole, or terbinafine may be indicated. After suc- 
cessful treatment, the lesions remain temporarily hypopigmented or 
hyperpigmented. 


ACNE VULGARIS 


Acne is a very common condition in adolescents, but all age groups 
can be affected. Open and closed comedones, inflammatory papules, 
pustules, and nodules are characteristic primary lesions. Scarring and 
sinus tracts are present in moderate-to-severe forms. Androgens stim- 
ulate the hair follicle unit leading to hyperkeratosis of the follicular 
epithelium and increased sebum production resulting in follicular 
plugging. The microscopically plugged follicle is clinically apparent as 
a comedo. With further accumulation of keratin and sebum, the follicle 
wall may rupture and elicit an inflammatory reaction as contents are 
released into the surrounding dermis. Clinically, this corresponds to 
inflammatory lesions ranging from inflammatory papules and pus- 
tules to nodules or cysts. Propionibacterium acnes, an anaerobic follicu- 
lar diphtheroid, contributes to the inflammatory process. 


The diagnosis of acne is a clinical one; skin biopsies and other diag- 
nostic studies are not necessary. In some cases of midchildhood acne 
(1-7 years of age), or associated signs or symptoms of androgen excess 
(e.g., hirsutism, irregular menses), endocrinologic evaluation may be 
needed to further elucidate the hormonal factors contributing to for- 
mation of acne lesions. Medication-induced acne can be seen in all age 
groups; the offending medications include glucocorticoids, androgens, 
hydantoin, and isoniazid. 

Treatment of acne varies depending on the types of lesions present 
and individual tolerance to acne medication. Patients should be 
instructed to use mild cleansers and oil-free, noncomedogenic mois- 
turizers, sunscreen, and makeup. Antibacterial soaps and cleansers may 
help reduce surface bacteria. Topical medications include benzoyl per- 
oxide, retinoids, antibiotics and combination products. Retinoids are 
most effective in decreasing new comedo formation and promoting 
expulsion of existing comedones by reducing and preventing abnormal 
keratinization of the follicular canal. Benzoyl peroxide has mostly anti- 
inflammatory activity as the result of its antibacterial activity with 
mild comedolytic effects, and can be used as an adjunct to retinoid 
therapy. 

Inflammatory acne, particularly with evidence of scarring, often 
requires the use of antibiotics, either topically or systemically. Oral 
contraceptives may also provide a significant benefit for the treatment 
of acne in women, particularly in those with a perimenstrual flare. 
Nodulocystic acne or recalcitrant severe inflammatory acne is best 
treated with isotretinoin, a synthetic vitamin A derivative. Given the 
restrictions surrounding its prescription and side effects, referral to a 
dermatologist is typically needed to pursue this therapy. 


While the time course of dermatosis often is variable, one should be 
vigilant to reevaluate skin lesions not following the typical course, to 
identify skin findings that represent manifestations of underlying 
chronic disorders or life-threatening disease processes. An ill-appearing 
child with acute skin findings and systemic symptoms should narrow 
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the focus to specific subsets of disease processes. A careful history and 
physical examination can help differentiate between disease processes 
of hypersensitivity such as SJS and TEN, DRESS, and infections (SSSS, 
HSV, meningococcemia) to determine appropriate acute evaluation 
and management of these life-threatening entities. 
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